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Socio-economic aspects of areca nut use
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Abstract

The socio-economic aspects of areca nut consumpnion have been overlooked. A narrative review was conducted
to establish some of these features of areca nut consumption. Medline, Pubmed and the World Wide Web were
searched using the terms: areca nut, betel nut, areca catechu and pan masala. Further analysis was conducted
of datasets describing aspects of United Kingdom areca nut sales and consumption. South Asian economies at
different stages of development have varymng areca nut cultivation pracnces, employment opportunities and
marketing sirategies. Attempts at regulation of areca nut vmport and sales are described. Retail practice among
the South Asian communities of the United Kingdom was found to reflect the diverse consumer practices current
in their countries of origin. A study of areca nut consumption patterns and motivations among Bangladeshi
women resident in East London identified differences berween those chewing areca nut in paan with and without
tobacco. Further research into the socio-economic aspects of areca nut consumption is needed which should be

muldndisciplinary in focus, of sound scientific quality and incorporating the opinions of consumers.

Introduction

To discuss socio-economic aspects of areca nut
use provides belated recogniton of a neglected
aspect of a muludimensional behaviour. The
main thrust of resegrch into areca nut use has
been epidemiological, seeking to idenufy trends
in behaviour and the resulung disease outcomes.
Less attention has been given to the social aspects
of areca nut consumption. This focus would
widen the debate from a disease 10 a social model
of health, recognizing that the determinants of
health are broader than individual behaviours.
The preventive focus has been upon developing
messages for individual consumers, disregarding
opportunities to introduce other policies and
initatives that focus upon other determinants of

this behaviour. Changing social and economic
policies may lead 1o changing cultivation and
marketing practice which will, in turn, affect
individual consumption. The search for a pre-

" venuve message has given inadequate attention to

variations in areca nut use. In the United King-
dom the emphasis has been upon understanding
a South Asian model of consumption, which is
linked to positive sociocultural messages per-
ceived as promoting increased consumption.' In
other populations consumption could be differ-
ent, because areca is associated with abundant
availability and tradition.®* Current estimates
that 10% of the world’s population are regular
consumers, comprising perhaps 600 million peo-
ple, suggest the desirability of widening per-
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spectives. A review was therefore conducted to
establish and describe some of the relevant socjo-
economic features of areca nut consumption,

Methods

existing literarure sources was undertaken, Med-
line and Pubmed were searched using the scarch
terms: areca nut, bete] nut, areca catechu and pan
masala. In addition the World Wide Web was
accessed for ;a supplementary search focusing
upon the production, Processing and marketing
of areca nur. Secondly, further analysis of data
sets which describe aspects of areca nut sales and
consumption within the United Kingdom was
conducted >-5 Reflecting the limited nature of the
resources available 1o describe the socio-eco-
nomic aspects of areca nut use, the data are
presented as a series of case studies.

Results

a rural agrarian
cconomy. They provide fodder for cattle, edible
fruits, building materials, fuel and fibres. Gandhj
argued that one species of palm had such a
multiplicity of yse that its cultivation and harvest
would banish pPoverty from the land, while 1000

palm.”The date palm is considered the staff of life
by Moslems, recognizing the importancc‘of the
date in the breaking of th¥ys, during Ramadan.
The cultivation of A

was mirrored by the complementary consump-
tion of fresh perishable products, based around
individual preferences and tastes.

The liberalization of economic policy, trends to

the needs of 3 mass market. The development of
Pan masala, a pre-packaged mix of areca nut,
lime and spices, in India has been one response 1o
this need. More Pan masala is sold in urban than

well feel exploited and aggrieved, following the
loss of a traditional right.® The development of
areca nut as a market €rop has resulted in j;
replacing other €rops such as rice, cultivated
Previously for subsistence, and the introduction

of fertilizer and pesticide applications 10 Improve

make paper or as 3 source of fuel for electrical
POwer generation, 213

Parag, a premium Pan masala of fresh areca nuts,
cardamom and lime, as part of 5 product range
which includes tobacco products, Coconut oil,
washing powder, greeting cards, mineral water
and writing pens, ' Suppliers of the raw product
for export can be located on the Web, most
usually from Indonesia, where it is possible to
purchase different qQualities of nut in 50- or 85-kg
sacks. 13

packaged producy either as pan masala or, with
tobacco added, as gutkha, '6-18

Changing employmeny apportunities

€ processing of areca nur in India has tradi-
tionally required the employment of a labour
force, especially in Preparing the nur for con-
sumption. The nup has then been supplied 1o
from whom individual



permanent labour force to tend the trees who, in
return, receive regular cash wages.® The aggres-
sive marketing of pan masala has jeopardized the
pan wallahs’ livelihoods. There are reports of pan
wallahs striking in one Indian town because of
reduced profit margins due to the price they pay
for areca nut doubling in 12 months.'® The
production of pan masala requires the integration
of supplies of individual ingredients in addition to
areca nut alone, all of which may be produced in
different parts of India. Other industries asso-
ciated with pan masala production are the spice
and silver foil industries. This use of indigenous
suppliers enables the Indian pan masala trade
association to make the claim that their product is
‘swadeshi’, signifying a product using domesti-
cally supplied ingredients.?®
One focus of this marketing activity has been
on the urban Indian consumer. However, it is
estimated that 70% of Indians live in rural areas.
Growing rural affluence has led to the creation of
a developing market for packaged goods which
manufacturers have not been able to meet. This
has been ascribed to factors such as inefficiencies
in distribution through a fragmented transporta-
tion infrastructure. It has been noted that innova-
tive methods of packaging have been introduced
to bring down overall costs and create markets. As
with products such as hair shampoo and tooth-
paste, the packaging of pan masala has been
changed from containers to 10-g sachets. This
change is considered responsible for an increase
in sales in India from five million dollars in 1985
to 66 million dollars in 1991.%!

The regulation of areca nut marketing
The regulation of areca nut and produgts such as
pan masala is extremely difficult. First, the
traditional method of consumption has involved
the assembly of a quid with ingredients reflecting
individual preferences. Secondly, there is a large
informal sector, highly decentralized and unh-
censed, which operates outside of official control.
While the Indian government seeks to impose
excise duty upon the sale of pan masala, it is also
recognized that there is wholesale evasion of
payment of the duty. Recently, pan masala with
no tobacco and no more than 10% of areca nut by
weight has had the rate of excise duty reduced
from 40% to 16%,%*

Within North America the US Food and Drugs
Administration maintains an import ‘alert’ for
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areca. lmports are automatically detained if
detected on the grounds of it being ‘adulterated,
containing a poisonous or deleterious substance
or unsafe food addinves’. There are also reports
of attempts to import areca nut by misbranding
the product as ‘fragrant wood slice’. This ‘alert’ is
supported by the US Department of Agriculture.
Commentators note the need for clarification of
the status of this alert since US Customs advise
that dried betel nuts should pay an import duty of
11 cents per kilo.?*

Areca nlit for persondl consumption, ‘pure nut,
chopped and ready to chew’, is readily available
to purchase on the World Wide Web from Amer-
ican suppliers, at $10 for 60g and $25 for 240¢g,
along with adwvice on consumption.?* Possession
of areca nut in the Californian public school
systemn is grounds for suspension. The Food and
Drugs Administration has also formally expressed
a view to the US House of Representatives that
individual possession for personal consumption
should not be allowed.?®

Within the United Kingdom, analysis of pre-
packaged pan masala products has identified a
group of problems.?® First, labelling on the
packaging was someumes non-existent. Instruc-
tions as to use were also omitted. Secondly, the
labelling might be unsatisfactory in omitting
items which, on analysis, were found to be
present. Thurdly, products contained non-per-
mitted food addiuves, sometimes in excessive
amounts. Samples of the raw ingredients such as
pan leaves were also examined and found to be
contaminated with salmonella. The labelling
inadequacies would be expected to lead to
prosecution of the importer of the product.

The markenng of areca nut in the Unmited Kingdom

Two contrasting studies of retail practice in the
United Kingdom have been carried out in Lon-
don and Leicester.>* The first investigation was
carried out in 1996 to map the availability of paan
ingredients in the London Boroughs of Tower
Hamlets and Newham. First, the addresses of
retail outlets selling paan ingredients were
mapped. Secondly, a structured interview sched-
ule was administered to the owners of each shop.
The overall response rate for the interview was
76%.The schedule contained questions about the
type of shop and its opening hours, which paan
ingredients were sold, in what quantity and for
what price. One hundred and twenty-eight shops
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The trade in aJj Paan products (betle leaf » hme,

weight a week for each retailer, with 2 range of
500-600 pounds weight. The rerai] price was
approximately L1 per pound weight and the
cstimated weekly sales were £8538. These sales of

Howé&ver, in contrast to the Eas London rerail-
ers, the sale of Pre-packaged pan masala prod-
ucts was much more €ommon than the sale of
individual ingredients.
1t was also

report suggests that the Practice of consuming
pre-packaged pan masala would start following
visits to the Indian subcontinent. Thijs argument
would have less validity in Bangladesh. As the

poor and the
transport infrastructure js undeveloped, visitors
returning there would find that plain paan prod-
ucts would continue to be preferred.??

The prevalence of areca mu consumption

Within the United K; gdom there has been a
series of studies of Paan chewing, usually with or
without the addition of tobacco.?*33 Eqimares of

- There are several possible reasons for this
variation. First, the samples may not haye been
drawn from the same South Asjan community.

experience of use (‘have You ever had’), while
others have mnquired about current use. Ques-
tions have not always adequately defined the
terms used, failing 1o distinguish between paan
with and without tobacco. Thirdly, there has been
variation in sampling pPractice. These studies are
reviewed by Warnakulasuriya in this issue.,

Commonly used factors to explain any varja-
tuon might be age, gender and social class. Ag
Suggested above, the data 10 identify variation
around these factors is nort always available
Within these constraints:

suggest that the age of
sta.rtmgtochcwarcca, usually in paan, is abour

® Atage of onset there appears 1o be no variation

in gender, although older people eat more
areca. !

® Consumption decreases  with educationa)
attainment. '

® The Bangladeshj community is the most
socially disadvantaged'of the three South Asian
Communities. Estimates of Paan chewing ip
this Community are high, reflecting its adop-
tion by women as a method of consuming

The validated prevalence of paap chewing with
tobacco by UK resident Bangladesh;j women has
been investigated.s The

1§02
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Figure 1. Rerrospective age of siarting current paan wse (with and without wbacco) tn a sample of Bangladeshi women
(n=166)

interview schedule containing questions about
age, aspects of tobacco use and the degree of self-
reported dependence upon tobacco. Validation of
responses was achieved with carbon monoxide
and cotinine concentration analysis. This valida-
tion exercise enabled the identification of a group
of paan chewers without tobacco.

The outcomes of this study showed that 75%
(n=169) of the whole sample were currently
chewing either paan without or paan with
tobacco. While 49% (n=111) of the whole
sample were classified as current paan with
tobacco chewers, 25% (n=58) were currently
chewing a plain paan with basic ingredients of
betle leaf, areca nut and lime without tobacco.
Current plain paan chewers had a significantly
younger mean age (32.4 years vs. 39.0 years,
t = 4.0194, p=0.000). The consumption patterns
gf plain paan chewers and paan with tobacco
chewers differed in terms of the mean number of
paan chewed daily (2.23 vs. 9.00, 1=6.905,
p=0.000), the age of starting their current
practice (9.7 vs. 21.2 years, 1= 8.342, p=0.000)
and the length of their chewing career (22.7 years
vs. 17.9 years, 1= 2.179, p=0.031).

Figure 1 further clarifies the age at which the
current paan chewing practice had commenced.
The majority of plain paan chewers had started
their current practice at or around the age of 8
years, while the impetus for starung to add
tobacco to paan occurred at different tumes in the
respondents’ life spans. Fifty per cent of the paan
with tobacco chewers had still to start their
current tobacco consumption at the age of 20

years. These differences were tested using the log-
rank test for equality of survivor functions and
were found to be statistically significant.

The plain paan and paan with tobacco chewers
also differed in their motivations and practice
(Table 1). Plain paan chewers were more likely to
cite ‘refreshing’ as their main reason for chewing
whereas those chewing paan with tobacco most
commonly cited ‘habit’ as their reason for chew-
ing. While the paan with tobacco chewers were
more likely to have their first paan of the day
within 1 hour of waking, for those chewing plain
paan this was more likely to happen at least 2
hours after waking. Finally, plain paan chewers
reported only a moderate intention to stop this
practice, compared to the paan chewers with
tobacco who were more likely 1o report a strong
intenuon to stop adding tobacco to their paan.
These differences were tested using the chi-
square test for wend and were found 1o be
statistuically significant.

Discussion

This paper has reviewed some of the socio-
economic aspects of areca nut consumption.
Data to support a comprehensive systematic
review, reflecting the wide use of areca nut, is
lacking. The sources used have their limitations,
being dependent upon the geographic location
and focus of academic research interest in areca
nut and the geographic development of the World
Wide Web. An emerging outcome has been the
identification of a heterogeneous method of use,

| Go>
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Table 1. Paan guig comumpnon, with and withoy; wbacca Beliefs ang behaviours in q sample of Bangladeshi women
(n=169)
Chew pan quid Chew pan quid
without tobacco with tobacco
Questionnaire jtem (n=58) (n=111) Significance
Reason for Cht”\ving (%) - s
habit 228 61.2

refreshing 63.2 12,6 0.000
helps teeth and Egums 7.0 223
other 7.0 38
i
First paan quid of the day (%) /
within 1 hour 1.8 398
within 1-2 hoyrs 7.0 26.2 0.000
2+ hours 91.2 34.0
Intention o quit (%)
none 28.1 214

moderate 54.4 3.0 0.002
strong 175 45.6

with variation within and between Populations.  areca nut consumption started, and any change in
The areca nut may be placed in a quid along with this behaviour OVer time,

the piper betle leaf and lime, drunk in 4 beverage Fourthly, accessible and robust data clearty
or shredded into Pre-packaged pan masala. The disu‘ngm‘sln'ng between individuals chewing arecq
areca nut itself may be consumed as a ‘wet’ or put n a made-up Paan, pan masala or with

a case-study basis, Ing areca nut in paan with tobacco, with g

will lead to the diffusion of Pan masala there, a It may be concluded that the socio—eccnomic

mass-produced producy reflecting the pattern of  aspects of areca nut production and consumption

SOcCio-economic change in Indja. have been largely overlooked, inhibiting the
Thirdly, a focus on the health and behaviours identification of clear conclusions, This research

of the United Kingdom South Asian commuy- should be multidisciph‘nary in focus and of high

nities, who make up about half of the United scientific quality, The Consumer voice js currently

Kingdom ethnic minority Population, has deve]- ignored in the development of this research

oped. This Community is not 5 homogenecous activity.

group, differing along variables such as geo-

graphic distriburion in the United Kingdom,

educational attainment and €conomic prosperit ¥ At:knowiu:lgemenm

It cannot be assumed that their patterns of areca Sharif Islam s an MRC Health Services Research

nut consumption will pe similar. Further data Training Fellow,. Dr g Chaudhry, from the
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Oral submucous fibrosis: study of 1000 cases { ‘-om central

India

V. K. Hazarev'. D. M. Erdewad', K. A. Mundie®, 5. N, Ughade”

'Dt’.”m’h?lf'ﬂ of Oral Pathologr & Mivrobiolagy  Tonyrponnt Peshif
Science & Engneering Government Enginceving €, 4

Cavernmentt Medical Colloge. Nagpur, Indiu

BACKGROUND: Yery few reports have been published
on the.gender specificity of oral submucous fibrosis (OSF)
in relation-to habit patterns and the severity of disease in
the world literature. The purpose of the study was to
ascertain the gender specificity for dilferent habits and

severity of OSF.

METHODS: A hospital-based cross-sectional study on
various habit patterns associated with OSF was per~
formed in Nagpur over a 5-year period. A total of 1000
OSF cases from 266 418 out patients comprised the study

sample.

RESULTS: The male-to-female ratio of OSF was 4.9:1.
Occurrence of OSF was at a significant younger age
group (<30 years) among men when compared with wo-
men (OR = 4.62, 3.22-6.63, P = 0.0001). Reduced mouth
opening, altered salivation and altered taste sensation
were found to be significantly more prevalent in women
when compared with men. Exclusive areca nut chewing

habit was

significantly more prevalent in women

(OR = 44.5, 215.4-79.8, P = 0.0001). Whereas significant

increase for Gutkhe

(OR = 2.33,

(Areca quid with

tobacco)

1.56-3.54, P = 0.0001) and kharro/Maowa

(crude combination of areca nut and tobacco) (OR = 6.2,
4.36-11.06, P = 0.0001) chewing was found in men when
compared with women.
CONCLUSIONS: There is a marked difference in liter-
acy. socioeconomic status, areca nut chewing hahic,

syimptoms and disease severity in women when com-
pared with men in the central Iindian population.

| Oral Pathol Med (2007) 3

6 12-7

Keywords: orl submucous fibrosis: descriptive study, gender:

pan masala; oral cancer

Cagrespandence: Dr Vinay Hazarey, Dean, Prol. and Head 1epase-
ment of Cral Pathology & Micromoiogy, Government Dental v siicas

& Hhespt

vIouz,  bax

i publicatton T

712-2743400, E-mak
gl com

v § R

4l Medical Campus, Ao, MNagpur 430 003 [ndi
+ 91

com. dinesh erleaadia

vinay. hazuicy o

ol U Hipiaal, Nugpas P bt it Catgpig
Lot Yomprepenn o Preveaee, S S Viler this
i
Introduction

Oral submucous fibrosis (OS1 15 &+ high risk precan-
cerous condition characterizad I chamees n the con-
nechive esue libors of the o Prepon el ‘IC'-'I“"
parts leadmg to stilfness ol the muecosa and restricted
mouth opeming. OSF has been seported slmest exclu-
sively among Indians iving in adia and among other
Asintics. with a reported preval ¢ ranging up 1o 0.4°%,
i Indin rursk popuatation Fodenuological and
i overre capenmmental stadies Joeoe shown that chiewine
areca ns 1 drecd certeeinid 1s the o i
for OSE (7

Althoureh there ave regroni! rstions in the tvpe of
areca pul prodocts used m binbal the berel quid 113
wats the most popul and pic.alent habit in ancent
Indian culture. But-in 1980, boih areca quud products
such as Pan masala (Areca quid'} and Gurklra (AQ
tobacco) were mtroduced in Indian market as commer-
cial preparations. Since then theie has been an crease
in the use Pan Masala (Arcca gqud)y and  Guikhba
(A + T n the vounger age “rouns. wineh had lead
o mereised incidence of OSE

Pan Meosahs ( Areca guidyinch sles aicca nntl catechuy,

45T 51t !)n[»'z_i!'lt‘&'ll factm

e Hlsvenrs and spices (hin cvrs hosprtob based
g tssoa ool oy

R 50 B 3 R |

vise conbed study has proaed
Moseda 130)) hshe Silve sk
::-_‘.L‘I\‘j‘!;'.'-_'l'.l of OSEF ¢4) Gaird a0 1AQ
ali mpredicnts of Pen Masate 1AQs pius (obacce and
other contents, that are closely ¢
commercial substitute to local preparatton populariy
kiown as Klarra: Mawa (3).

Recently, it has been documented that the habit of
chewing Gutkha (AQ + T) hal gamed considerable
popularity among the younger wien in this region. The
rapidly increasing prevalence of this habit can be judged
from the teports that the Indian market tor Pasi srasale
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zender specificity of OSE 4, felation to habit paierns
and the severity of disease (7). Given this pauctly of
mtormaton, a hospital-bse.d Cross-sectional study was
rerformed (o asceriain ihe sonder specificity for iler
ent habits assockted winh O and the procaiionee oo
e cancer among these it comtrothng
ciwmg habits,

SE B e

Materials and method-

A otal ol 266 41x paticer visited  fhe S gfen)
 Gepartment of Governmc_ur Dental College apyi Hospy
tal, Nagpur, central India. 1 4 dyeur pertr! 1o
January 2000 to December “004). Out of thew. 10
patients were diagnosed for O5- and they compried (he
study sample. Criteria for dragnosis of OSF were 1y
presence of palpable fibrous hands in the fabial and o
buccal mucosa, loss of elasticity of the buceal fabiy]
fmucosa and inability to open the mouth wide (1. 6). The
clinical diagnosis was confirmed by biopsy 11 . gk
eroup of cases, using estali'iched eriteria: subrincos)
dense and - avascuiar colianous  connectis.
variable pumber of ¢hrong
epithelai atrophy (5).

Complete clinical histo; mcluding dermow o pan,
detals. various orul habis he frequency taumtoe o
times per day), duration tyears of COMSEMPLG i
tvpe [Areca put Kharra Ay, e Meesch,; A
Crverkler (AQ + ), BQj clony with tobagoce. B digs
recorded in case record forny,

s,

Dara sranagement aud ettty yin
For the purpose of daty Y. storage Mnd veiriev),
chuician-friendly graphical  softwyye progrmme
‘SOFPro 1 0" was specially designed and developad wirl
the belp of a qualified softwire programmer. Graphicn}
user nterfice (GUI) SCreem were developed TN
Visual Basics 6.0 and dntabuse in MS Access Devionina
of a suitable “form’ Fewe Ly SIEY i Forne

Eerg

storage of information CEMPUIeT serecns w - Fisgi s
Per the structure of case ron g form fop Q5

Al staitistical oS vy Perlfonmned e fiien
cooled STATA Verwon » 4 WIATN vt g,

Lakeway, TX, USA) soltware Deseripun ¢
like mean vilues and Standard destanion. foy
vartables and PeTCentage for categorica Vitdnabios
calculated. The OSF cases were classificd by eender for
comparison purposes. Esiimation of odds rauo (OR;
along with 95% confidence intervais was made for
comparing risk of OSF by gender. Tesis of significance
like unpaired r-test  for Companng  means
chi=squared test of ASSOCIION  were perlorined  fiy
Companng pereentages of fwo indepedent
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Table | Yearwise prevalesce of oral submucous fibrosis
Fiure Causes Sample size Prevalence {per Iiin casey
s 1 62587 T
MR jaC 59973 278
TRy 16 4R B4R 143
Jikg Bl 46 751 4.4
Wahi 4% 257 6.42
D S
peas e DmE Fig highlights (he mereasing tren:! iy,

¢ ol OSF since 2000.

e clen
Dimsnepgintic /

Tabk- 2 shows the.demographics of 1000 OSF cases. The
hean age (or men (n = 830) was 27.60 + 958 (range
12-75) years and for women 7 =170) it was
.78 + 120 (range 9-75y years. Thus, occurrence of
OSF was at 3 significandy younger age (<3p vears)
ey men when compared with women (OR = 442,
L. 7 = 0.0001). Prevalence of OSF in men
(53,0 was significantly (P < 0.0001) more than in

i . i [¥F]
2y
__: "-‘;I 424
_: o | 10
. )f L .78
£ o 2004 xm 2001 H0s 2068
Year
Pizwie 1 B ience of oral submucous fibrosis (per 1000 Population)
~ i
Lat staphics of ol submucous fibiosis
e s
Male Fomaie Tewal
i ¥ = 810 iXN= 4t (N = fiess
i No. o5 Noo % No =
—— ——
iy Ly
o - 1 06 1 0é
g 180 L7 23 13.5 203 35.2
20 29 439 329 42 24.7 481 77.6
Wroay 131 158 59 347 190 50,5
iy 55 6 R[J) 176 8s 243
m 25 30 13 LI} 40 113
! ok .
hs 1.1 194 | B 7.1 173 17.3
veer nlingg $67 68 4 193 6 670 O3
i ik 51 i1 44 258 93 %5
! 51 6.1 1 0.3 [ 432
LU N T
241 118 b 2.1 A8 352
A H2 6 S8 61 .32
(R 15 ¥} 15 hJ
' i g 1%  Ei ] e 1%
e L
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_Table 3 Symplems and oskdistribution of OSEF by gl

. Make (N = X3
Svmpsom® No. T s
Reduced mouth opening 747 90
Burning sensation 734 BE.4
Lilceration 545 657
Altered salivation 307 RO
Tuste change 268 a2
Dvsphagia 205 M7

*Seune patients had mdre than one syw‘plurm of OSF.

women (17%) with male-to-female ratio boing 19
Signtficantly highér proportions of women belonzod 1o
low socioeconomid status wheh compared with micn
, (OR = 1.43, 1.00-2.04, P = 0.035). Proportion of illit-
erate women was significantly higher when comparcd
with illiterate men (OR = 5.46, 3.38-8.74, P = (.0001).
Table 3 shows the gender-wise distribution of symp-
toms in OSF cases at first presentation. Reduced mouth
opening (OR = 1.98, 097-4.5, P = 0.053}, altersd sal-
vation (OR = 141, 0.99-1.99, P = 0.043) and alterd
taste sensation (OR = 161, 1.13-2.29, P = 0.004) weire
found to be significanily more prevalent in wonic vhen
compared with men.
Chewing habits :
Out of 1000 paucnts, 77.8% (= 778} paticnis woie
having multiple (more than one) habits, wheieas 20 57
(n = 205) patienls were having exclusive habits tonly
one habit), 1.7% (n = 17) patients did not give history
of any habit. Average length of chewing for all cases
was 21.5 £ 22.6 min with a mean frequency ol chewmy

1.28 + 4.03 per day and mean duration of chewnd

.4 £ 3.39 years.

Exclusive habits

Table 4 gives the distribution and risk of OSE cases
having exclusive habits (n = 192). Females have shown
statistically significant increase in exclusive areca nut
chewing habit (OR =445, 254-79.8. F = 0.0001)

Fahle ¢  Gender-wise niskidistribution of oral submucons fibross
wilh exciusive habas

3.5 LS I

Male Fermul

(N =830). (N=170].
Variables 0 (75) rn{%) OR (95% C! 1 vriiee
Areca nut ) . .
Yes 20 (2.40) 82 (52.35) 44,5 (284790 uonl
No 810 (97.59) 1 (47 64)
Kharra .
Yes 38 (4.57) 0 (00)
No 792 (95.42) 170 (100}
Gutkha B
Yoo 3s{a2) g2 (1.17) 369 (109330 1SS
No 795 (95 TR 168 (Y882}

Tohacco

Mo

ARG
8§25 (99.39

03 (1. 786)
167 (98.23}

246 gf 18

SOR values cannet be calculated because of rero cell hioguenty

>
@’

| B ) % r
A 3 DR UL )
16 94 - 1ON 9745 i e
157 921 RSRTIR S % RN b g3
LeF LU IS{0RD | 675 L8
iy St P4 gy | ey

T4 ERE Lol 132 1)

Ve L1 [y AN 3% 2oy FiarTe
when comparcd woh o men, but simmilbicang anccase B
ithle $ANQ 1 1) (OR = 20 093 2 0 ol
and Aharvaf Mavwa chewmg wis fownd e whe

compared with women.

Mulriple habirs

Table § gives the distribulion and risk of OSE patien
with multiple habits (i = 721 There was o stanistical
siznfficant mcrease 1 arcca pul chewing 0 - 2
12,10-34.17, P = 000y, Kharra, Mawg cheswir
OR = 6.4, 4.30-- 100 P = DODREY. urhing 1A\

chewmng (OR = 233 L5356 354, £ - 000015 and <o
king habits (OR = 1250 5.5 40,6, ' - (L0001 ) i

when compared with women. Although BQ chiewing @
the use of snufl for teeth cleaning were proportionate
figher i men. they were not found o be stanistical
stemificant -

Associated lesions

In the present sample. magor pre-mahgnant
Tassociated with OSF were feukoplakia (487 o) and hiche
planus (1.7%) followed by crvthroplakia 10 2%
Betel chewer’s mucosa (6.7

X1

Fable 5 Gender-wise risk/distithuron of OS1 ol siedopie hadbage

Aledde Fertreriv

(N = a3 IN - 178
Vartahies W [%e) A OR 8=, ¢ Baaes
Areci nut
Vs AT6 5T ) ] 2412 i0-5407 TREL
Ny 184 (2265 163 (91 Ty
Kinuta
Yoes A5 A5 b Mgl My ENUT S LT N
MNi» LA BT AN EENEE A
Laititha
Yo 343041 50 ke Tl [ B AT I i nt
Nao S3L6raTy [REN R
Tohucen
Vs 275554 h 41§24 11 PRS0 N U
e 355 106, 86) | LS T
Sl
Yes IR P B Va2l Tim (T A R £ LR
My MK (T2 28) | R
Stirok i
Yos 2280 Ny uds g e N P
Mo MT LYY PhS T 0%
el il
L W o fEI N Tew ave bhs Pdvaes) Yos t
N 732 (56 9k 5= R [

Al of these patients hond mere than one hall
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{ Vigure 2 Crender-wise disteibution Of i)

OPciing

Fladig by iniciineyn

L8
lissrcal graling
Fie. 2 depiets the gender-wise distribution of clinicnl
grading of OSF (mouy openine iy millimetres), where
men and women were equaliy. (48.39,) affected with
grade NI (20-29 mm) severity,

Patterss of prat Cuncer in OS§F
Out of 4 total of 33 malignan:
WeI® squamous celt carcinom. .
Were verrucous Carcinomas.
malignancy potential i the pre. study. Tuble 6 2ives
the compurison ol all the halus bentween nniligning
And non-malignant OSE caser W
malignancy in OSF cases was sgaificantly ASSOCiated
(P < 0.05) with Increased frequencies ol BO chewing
and smoking as well as incregosd durationm of tohaceo
chewing, BO chewmng ang smoking habyys,

cases, 28 cuses (28"
and five cases {3
This accounts for i3v,

Discussion

Oral submucous fibrosis is g Pre-imalignang camdition.
which has been described in detand i Asians and Asiing
seitled m othe; Countrtes, Dcuribing the condition 1y
five Indian Women, Schwarry (9} called “troph
idiopathica mucosae oris’, Suh---:ulc-mh‘. Joshi called 1
submucous fibrosjs (10} Vari..ys actiological favior,
have been suggested for QS which include local
wriant such as capsaicin ([ 1), rungent and spicy food

Table 6 CERPISOn o tean LI, SETI—
Bhrosis cuses

e By b aned g LA TR (DA

———— e ——

Frequeney { per da i
Molignant 1y — 123

.’\'.-mq;-ri{cmmr M= a7

have found thay ~

v

- vefppe

(12) and areca iy use (1). In addition to the local
Lwtors, systemic factors have also been suggested 1o
rhay o role in the development of OSF. These include
Anaenia. chronic jron and vitamin B deficiency (13) and
renctie pre-disposition (14)

Chelvmg areca nuy N Its varieys forms js widely
Prevalent i the lndian subcontinent, BIVINE rise 1,
Bereased prevalence of OSF, from an estimaled 230 000
Gty JORG £15) to an Stimated § million Peopie 1n
-1 o

bt presemy stucly, an mereasing (rend 12 prevalence for
OSE was ahserved since 2000 (2 42 1 2000 to 6.42;‘1000,:‘
U ) The period Zre\ulence rate for 2004 wys
ChHparable with other fn an angd Malaysian studics
7180 and Jess when compuared with studies from
Chitr and Taiwan (19 20). Tlus striking difference
detieen the
litstory 5
e /BOQ in Taiwanese cultural (2

The mern age of all cases affected with
MR v s vears, which s relatively a, younger age
when Conipared with south Indian (324 + 10.4 years)
td novth Tndian (3042 = 10.86) OSF Cases (21, 27y,
Phere are very few reported cases of childrey aflected
with GISE o33 38 10 the present study,
XLy The roungest, 9.vear-old girl and 12-year-ajd

activities (20).
OSF was

D sindy showed a high preponderance of OSF iy
Bicn o O, which is simjlar o a male Preponderance.
fepasied by varioys duthors (5, 2). 22). However, |,
stuches fygye reported femaje preponderance (25-28).
Ioabsilygy open the mowp
cennphimt 190.8%), which clearly
the diagnaste s1gns of the disease,
OPcnme (29-31) In the Present study, thege were |7
SRS Wh o history of Areca nut chewing, tobacco
chewrng smoking habits. Seedat and Van Wyk (32)
from South Afriea made simijzy observationg in OSF

(AR {NFIIN
f the present study,
theth by, - mucosae,

Wit s‘:u-i-u-.-n.-mnll_\-'
ol i

posterior one-third
retromolar
affected,
il from Pupe group
e T tontradiction wigpy
Beap fine Keraly slate,

of oral cavity
area and gofy palate)
which s similar 1o the
from Maharash:ra State
findings from Ernakulam
where fabial Mmucosa wyy

Vool Al hubing g malignam and Aet-mahignant o) subninen e

Vears )

Frrwansion

s
Nw-mak}fmm n= 95?)

Micuong 1n = EEp] P-value
Afeca o 223 15 2 41 ] 36+ 77 285 & 60 0.507
Tobacco 2324 9% 3.7 344 4217 2231 2 53 0.033
Kbarra 32 1 SR 2 6% [TRVITR 12 & 54 280 5 34 0.01s
Betelqud 12, 35 iy iy 3 1 . N7d 5 3 0 t06
inikhg - LI Py 1l Jre i XI5 ¥ 3% 073
Siaudl LU T y " 12) v a3 PR
Suckang A4 : LOT 3 3¢ IR
Values sie BYen e sivan & 51
" —_— — e
i Al Py:

_‘_"——-—-__________-__._
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;igﬁ?iﬁf‘.;mll}'. affected, which  represents o regional
varation ‘with respect to various chewing habits prac-
tised in different parts of India (33).

Women have shown statistically significant increase
for exclusive areca nut chewing habit when compared
with men, which is mainly attributable 1o the local
cultural practices and easy availability of arcca nut
Similar finding had been reported by several studics in
Astan and South African population (25, 3y Inverseh
men have shown statistically significant increase i
Gutkha (AQ + T) and Kharra/Mawa chewing habin
This finding justified that the commercia] o oduo
Guikha (AQ + T) have equated with the local prepa
ativn Kharraf Mawa, Negiigible number of female smok-
ers {n = 5) was found in ourstudy as it was in Yanz's
study (27).

In the present study, majority of OSF (48.3%) cases
were in grade III (20-29 mm) seventy with an average
mouth opening of 24.62 mm. which is in contrast with
Cox's study (35), who found an average mouth opening
of 3¢ hm_in the Nepalese OSF cases. Owr study also
revealed a Strong association between the incidenee of
leukoplakia (4.8%) and OSF. which might be attnbuted
to BQ chewing and smoking habits (36).

Although this study was not designed as a case
control study, we tried to evaluate by calculating O
with group comparisons. the association between OSF
and other baseline characteristics, which highlighted the
significant association of OSF with younger age, iliter-
acy. low sociocconomic status and various chewmg
praducts.

In this study, a malignant potential of 3.3%, wus
noted. These malignant OSF cases have shown sutish
cally signiﬁcauliy increased frequencies and duration of
BQ, tobacco chewing as well as smoking Labits when
compared with non-malignant cases. This finding con-
firms that tobacco plays a modifying effect on mahznant
transformation in OSF. A similar malignant poicptial
(3.6%) was noted by Caniffl in Durban. 5South
Africa (37).

The present study also conlirms the fact that the
wercased Guikha (AQ & 1 chewing habit. whicis o
substituted the BQ and KharraiMawa use in thius oz
has not only given rise {o mereased prevadenoe of Gnl

hut alse canh give rise to icreased mcideiwee o
cancer among these pauenis mainly  because o
tubiacco and other carcinogemc additives.

We hypothesize from the present epideminlogical
study that there is a marked difference m habits. then
I'rcqf:cncy and duration. signs and symplonis and
disease severity in women when compared with men
secking dental care for OSF at tertiary level i the
central Indian population. The present cross-sectionil
study, to the best of our knowledge. is the single Largest
report on OSF so far published from Tndia

Conclusion

The unpression of emerging prevalence ol OSE s

00 (0.42-0.6470). in relatively younger populitoan i

fndia seems to be justified by the data observed o i

present study. Lirpent regulaton actions are therelos
warranted (o control the manufacture, markcung s
the consumption of preducts that comtain areca nut and
or tobaceo, cspecrally pan masola and Gurkia. Speci
efforts are needed to educale the adolescent populaiio
using available modalities such as oral health exhiibito
and camps,

Endorsement
I othe wndersigasd. e My S8 Gansn licich
cridorse that, the data uacd bod the rescirch maled ik
submucous fibrosts shuady of 1000 cases Frenn cente
India’ are hospual based and were obtamed {1
patients who visited the Department of Oral Patholdz
and Microbiology, Government Dental College an
Hospital. Nagpur, Maharashira. India, duning ih
period January 2000 to Deceraber 2004

I have verified the claimed conclusions and foun
them correct as per the resulis obtiined from this siuds

Dr (Mrs) § M. Ganwr

Prolessor,

Department of Ol Pathology & AMicrobilass

Government Dental College and Hospital,

Nagpur (MS) India
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Body mass index, tobacco chewing, alcohol drinking and the risk of oral
submucous fibrosis in Kerala, India.

Hashibe M, Sankaranarayanan R, Thomas G, Kuruvilla B, Mathew B, Somanathan T, Parkin DM, Zhang ZF.
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Department of Epidemiology, UCLA School of Public Health and Jonsson Comprehensive Cancer Center, Los
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Abstract

OBJECTIVE: While chewing areca nut is considered a risk factor for oral submucous fibrosis, the effects of cigarette
smoking, alcohol drinking, and body mass index (BMI) have not been examined; nor are they well established. In this
study we investigated the association between BMI, smoking, drinking, and the risk of oral submucous fibrosis.
METHODS: We conducted a case-control study within the framework of an ongoing randomized oral cancer
screening trial in Kerala, India. Trained health workers conducted interviews with structured questionnaires and oral
visual inspections to diagnose oral premalignant lesions. A total of 170 oral submucous fibrosis cases (139 women
and 31 men) and 47,773 controls were identified. The odds ratios (OR) and 95% confidence intervals (Cl) were
calculated by logistic regression in SAS.

RESULTS: The adjusted OR for ever-tobacco chewing was 44.1 (95% Cl = 22.0-88.2). An inverse dose-response
relationship was seen between BMI and the risk of oral submucous fibrosis when both genders were combined (p for
trend = 0.0010), with an OR of 0.5 (95% CI = 0.3-0.9) for the highest BMI quartile compared to the lowest. Alcohol
drinking may possibly be associated with the risk of oral submucous fibrosis; the adjusted OR for ever drinking was
2.1 (95% Cl =1.0-4.4). Cigarette smoking did not appear to be a risk factor for women or for men. Both smoking and
drinking were rare habits among women.

CONCLUSION: This study suggested, for the first time, that BMI was inversely associated with the risk of oral
submucous fibrosis for both genders when potential confounding factors were adjusted. Our results indicated that
alcohol drinking might be a moderate risk factor and confirmed the previous observation that chewing tobacco was a

strong risk factor for oral submucous fibrosis.
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Chewing Tobacco, Alcohol, and the Risk of Erythroplakia'

Mia Hashibe, Babu Mathew, Binu Kuruvilla,

Gigi Thomas, Rengaswamy Sankaranarayanan,

Donald Maxwell Parkin, and Zuo-Feng Zhang®
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Abstract

Although chewing tobacco, smoking, and alcohol drinking
have been suggested as risk factors for oral cancer, no
study has examined the relationship between those factors
and the risk of erythroplakia, an uncommon but severe
oral premalignant lesion. In this study, we have analyzed
the effects of chewing tobacco, smoking, alcohol drinking,
body mass index, and vegetable, fruit, and vitamin/iron
intake on the risk of erythroplakia and explored potential
interactions between those factors in an Indian
population. A case-control study including 100
erythroplakia cases and 47,773 controls was conducted, as
part of an on-going randomized oral cancer screening
trial in Kerala, India. The analysis was based on the data
from the baseline screening for the intervention group,
where the diagnostic information was available. The
information on epidemiological risk factors was collected
with interviews conducted by trained health workers. The
erythroplakia cases were identified by health workers
with oral visual inspections, and then confirmed by
dentists and oncologists who made the final diagnosis.
The odds ratios (OR) and their 95% confidence intervals
(Cls) were calculated by the logistic regression model
using SAS software. The adjusted OR for erythroplakia
was 19.8 (95% ClI, 9.8-40.0) for individuals who had
ever chewed tobacco, after controlling for age, sex,
education, body mass index, smoking, and drinking. The
adjusted OR for ever-alcohol-drinkers was 3.0 (95% Cl,
1.6-5.7) after controlling for age, sex, education, body
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mass index, chewing tobacco, and smoking. For ever-
smokers, the adjusted OR was 1.6 (95% Cl, 0.9-2.9). A
more than additive interaction on the risk of
erythroplakia was suggested between tobacco chewing
and low vegetable intake, whereas a more than
multiplicative interaction was indicated between alcohol
drinking and low vegetable intake, and between drinking
and low fruit intake. We concluded that tobacco chewing
and alcohol drinking are strong risk factors for
erythroplakia in the Indian population. Because the Cls
of interaction terms were wide and overlapping with
those of the main effects, only potential interactions are
suggested.

Introduction

Oral cancer is the most common site of cancer for men and the
third most common site of cancer for women in Trivandrum,
which is located in the state of Kerala, India. The high inci-
dence of oral cancer in Kerala has been attributed to tobacco
chewing, tobacco smoking, and alcohol drinking (1-3). To-
bacco is chewed predominantly as an ingredient of betel quid or
pan, which is a combination of betel leaf, areca nut, and lime.
It 1s smoked mostly in the form of bidi (a native cigarette of
coarsc tobacco hand-rolled in a dry tembhumi leaf) and ciga-
rettes.

The study of oral premalignant lesions is of importance for
the prevention of oral cancer because premalignant lesions may
be treated to prevent their progression 1o oral cancer or used as
surrogate (intermediate) markers for oral cancer intervention.
Cessation of chewing tobacco and smoking has been associated
with the regression of oral leukoplakia, a common oral prema-
lignant lesion (4). Dietary supplements of vitamin A and -
carotene have also been implicated in the regression as well as
in the prevention of oral leukoplakia (5—7). Although several
studies have been conducted on risk factors for oral leukopla-
kia, very few have focused on erythroplakia, the most advanced
type among oral premalignant lesions.

Erythroplakia is an uncommon but severe disease, defined
by WHO as “any lesion of the oral mucosa that presents as
bright red velvety plaques which cannot be characterized clin-
wcally or pathologically as any other recognizable condition™
(8). An updated definition for erythroplakia was proposed by
Bouquot (9) as “a chronic red mucosal macule which cannot be
given another specific diagnostic name and cannot be attributed
to traumatic, vascular, or inflammatory causes”. Erythroplakia
patches may be located near, or associated with, oral leukopla-
kias. Bouquot and Whitaker (10) suggested that erythroplakia
may occur with leukoplakia in the stage called erythroleuko-
plakia. Erythroplakia has been considered the most severe form
among all of the oral premalignant lesions because of its high
malignant potential (11). When erythroplakia biopsies were
studied, 91% were dysplasia, carcinoma in situ, or cancer (12).

There are very few studies on the prevalence of erythro-
plakia. When 65,354 cases from two oral pathology depar-
ments were reviewed, 58 erythroplakia cases were identified
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(13). Inan

cases were diag-
oral lesion survey

in Malaysia among 11,707 adults over the age of 35 years, one

case of erythroplakia was identified (14)

In the study of 58 cases of erythroplakia, the discase was

especially common i Kerala.
This case-control study
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tongue, and palate and floor of the mouth, under adequate light
to identify lesions suggestive of oral leukoplakia, erythroplakia -—

The effects of chewing tobacco,
on the risk of erythroplakia were estimated
with ORs” and their 959 Cls, derived from logistic regression
analysis. Continuous vanables such as years of chewing, smok.-

Trend tests for ordered assigning
the score j 1o the Jth exposure Jeve| of a categorica) vanable
(where ; = L2 .. )and treating it as a continuous predictor
in unconditional logistic regression.

lesions and oral cancer, we adjusted for age, sex, education, ang
BMI in our data analysis.
Three models were used 1o assess ex ure effects: (a) no

only factor 2 is present. A more thap multiplicative interaction
= OR,, x OR,, (20). Departures
ed and tested by includ-
INg main effects and a product term of the main effects in the

Results

The general characteristics of the erythroplakia cases and con.
trols are shown in Table 1. The erythroplakia cases were con-

—

* The abbreviations used are OR. odds ratio; CJ, confidence imterya)
mass index

BMI. body

—
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Table | General characterisucs of the erythroplakia cases and ¢
Cases Controls
n % n %
Age groups
<45 yr 20 200 18,748 39.2
45-54 yr 38 38.0 12,177 26.7
55-64 yr 35 350 9,804 20.5
=65 yr 7 70 6,444 13.5
Sex
Female 49 490 29,876 62.5
Male 51 51.0 17,897 315
Religion
Hindu 52 520 32,968 690
Muslim 21 210 9.555 200
Chnstian 27 27.0 5,250 1.0
Occupation
Manual 90 90.0 19918 836
Teacher/Office worker 7 4 20 2577 54
Business 2 20 1,227 26
Retired 4 40 2,801 59
Others 2 20 1,250 26
Education
None and illiterate 19 390 8351 175
None and literate 11 1.0 3,078 64
Primary 30 30.0 10,758 225
Middle 11 1.0 8,399 176
High School 8 8.0 12,788 268
Technical/College or 1 1.0 4190 92
Professional
Unknown 0 0.0 9 00

centrated in the older age groups, compared with the controls.
The highest percentage of cases were in the 45-54-year age
group, whereas the highest percentage of controls were in the
<45-year age group. The percentage of females was 62.5%
among controls but only 49.0% among the cases. For religion,
there were a higher percentage of Hindus and lower percentage
of Christians in the controls, compared with the cases. The
distribution for occupation was similar in cases and controls;
most had a manual occupation. For education, a higher per-
centage of cases were in the lower education groups than the
controls, with 39.0% of cases and 17.5% of controls in the
“none/illiterate” group.

The distribution of the chewing, smoking, and drinking
habits were examined for cases and controls by sex (not pre-
sented). Current chewing habits were very high among both
male cases (74.5%) and female cases (83.7%). The percentage
of current chewers among female and male controls was ap-
proximately 20%. The prevalence of current smoking among
women was low but was higher in the cases (8.2%) than the
controls (1.8%). Smoking habits among men were slightly
higher among cases (54.9%) than among controls (50.7%). The
overall current smoking habit prevalence was 32.0% among
cases and 20.1% among controls. Alcohol drinking was rare
among women: 2.0% in cases and 0.2% in controls. For men,
the prevalence of current drinking was 15.3% among controls
and 39.2% among cases. The percentage of occasional drinkers
was high among male controls (15.2%), whereas the percentage
of past drinkers was high among male cases (27.5%). The
overall drinking habit prevalence was 21.0% among cases and
5.8% among controls. Because drinking is not well accepted
socially m India, underreporting may have occurred.

The ORs for chewing tobacco are shown in Table 2. The
adjusted OR for ever-chewers was 19.8 (95% CI, 9.8-40.0)

after controlling for age, sex, education, BMI, pack-years of
smoking, and years of alcohol drinking. The adjusted OR was
highest for current chewers, followed by the OR for past chew-
ers, and the OR for occasional chewers. A strong dose-response
relationship was shown for the frequency (times per day; P for
trend, 0.0001) and duration of tobacco chewing (years; P for
trend, 0.0001) with the risk of erythroplakia. Chewers who
swallowed chewing tobacco fluid had a higher adjusted OR
than for chewers who did not swallow. Chewers who kept the
chewing tobacco in the mouth overnight also had a higher
adjusted OR than chewers who did not.

Table 3 shows the relationship between alcohol drinking
am} the risk of erythroplakia. The adjusted OR for ever-drinkers
was 3.0 (95% CI, 1.6-5.7) when adjusted for age, sex, educa-
tion, BMI, years of chewing, and pack-years of smoking. The
adjusted ORs were highest for current drinkers, followed by
those of past drinkers. No association was observed for occa-
sional drinkers, but this category had only three erythroplakia
cases. Dose-response relationships were suggested for both
the frequency (times per day; P for trend, 0.0001) and dura-
tion of drinking (years; P for trend, 0.0001) on the risk of
erythroplakia.

For cigarette smoking, the adjusted OR for ever-smokers
was 1.6 (95% CI, 0.9-2.9) when adjusted for age, sex, educa-
tion, BMI, years of chewing, and years of drinking (not pre-
sented). The adjusted OR for erythroplakia among occasional
smokers (OR, 3.7; 95% CI, 1.5-9.6) was higher than for past
smokers (OR, 1.6; 95% CI, 0.8-2.9), and for current smokers
(OR, 1.1;95% CI, 0.4-3.0), possibly because of misclassifica-
tion of the exposure by the subjects or the small number of
erythroplakia cases in the past and occasional categories. The
adjusted OR for frequency of smoking (times per day) as a
continuous vanable was 1.02 (95% CI, 0.98-1.07). A dose-
response relationship was shown in the crude analysis for the
frequency of smoking and the risk of erythroplakia (P for trend,
0.0003), but when adjusted for various factors, the trend was no
longer seen. The adjusted OR was 1.2 (95% CI, 0.6 -2.4) for
those who smoked 1-20 times per day and 2.3 (95% CI,
1.1-5.1) for those who smoked 21-40 times per day. For
duration of smoking (years) as a continuous vanable, the ad-
justed OR was 1.00 (95% CI, 0.99-1.02). Although a dose-
response relationship was seen for years of smoking and the
nsk of erythroplakia in the crude analysis (P for trend, 0.0004),
it was no longer apparent after adjusting for potential confound-
ing factors.

Both vegetables and fruits showed potential protective
effects against erythroplakia for the crude ORs (not presented).
The adjusted ORs were 0.4 (95% CI, 0.3-0.7) for vegetable
intake and 0.5 (95% Cl, 0.3-0.9) for fruit intake afier control-
hing for age, sex, education, and BM]. However, when further
adjusted for chewing tobacco, smoking, and drinking, the Cls
include the null value. Vitamins and iron supplements appeared
to be nsk factors for erythroplakia in the crude analysis and
after controlling for age, sex, education, BMI (OR for current
use, 1.9; 95% CI, 1.3-2.9) but no association was observed
after further adjusting for chewing tobacco, smoking, and
drinking (OR for current use, 1.4; 95% CI, 0.9-2.1). No obvi-
ous association was observed for BMI and risk of erythroplakia
(# for trend, 0.7557) 1n the crude or adjusted logistic regression
models (data not shown).

Table 4 shows the ORs for possible interactions between
chewing, smoking, and dnnking. For chewing and smoking, a
shghtly more than additive interaction was seen (OR,, = OR,,
+ ORy, = 1,501 > 5.8 + 433 - 1), However, when we
estimated the adjusted ORs for tobacco chewing among smok-
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- -—
Table 2 Chewing tobacco habits and risk of erythroplakia (ORs and 959 Cls)
Cases Controls Crude OR (95% (1) Adjusied OR" (95% Ccn Further adjusted OR* (95% C1) n
Chewing tobacco
No chewing 9

34373 1.0 1o Lo
Evtr:hcwing 9 13,400 59 (13.1-51 5) 206 (10.2-4) 5) 19.8 (9.8-40.0) -
Chewing 1obacco
No chewing 9 a7 1.0 1o 1.0
Past & 1 1,276 29 (12.1-135) 268 (13.1-54.7) 258 (12.6-52.8)
Occasional 2 2,625 29 (0.6-11.5) 24 (05-11.1) 23 [05-[0_9}
Current ” 9,499 L1} (159-613) 294 (11L.6-746) 276 (IO.S-?B.4)
Frequency of chewing (times per day)
Continuous 1.05 (1.03-1.07) 1.04 (1.02-1.06) 104 (1.02- 1.06)
No chewing / 9 34373 1.0 Lo Lo
I-10 60 £99] 255 (12.6-5] 4) 238 (115493 286 [I‘O—SS_?)
11-20 18 1,443 47.6 {2!.4—!%2} 39.1 (17.0-90 1) 498 t?ZO—II].l)
=20 I 2 155.0 (63.7-377.1) 100.4 {39.3—256.!) 1308 (52 §~326.3)
Missing 2 2,695
P for trend 0.0001 0.000] 0.000}
Duration of chewing (yr)
Continuous 101 (0.99-1 .02) 1.02 (1.00-1 04) 101 (0.99-].0])
No i 9 34373 1.0 1.0 10
1-20 42 5971 269 (13.1-55) 237 (113-496) 293 (142.603)
21-40 38 3am0 4.8 (20.2-86.6) 4l.4 (19.0-90.1) 533 (24 T-114.8)
=40 9 L2117 282 (112-713) 40.6 (14.0-117.4) 528 {IS.J-IS2.6)
Missing 2 2,742
P for trend 0.0001 0.0001] 0.0001
Swallow chewing tobacco fluigd
No chewing 9 34373 Lo .o 1o
Chewing/no swallowing 7 10,117 ) (15.6-58.0) 26.6 (13.0-54.9) 208 (9.5—44.4)
C‘hcwwbwm; 9 29| 1181 (46.6-299 7) 830 (31.5-218.6) 50.6 fl?.D-H],#)
Occasionally swallow 3 303 378 (10.2-140.4) 232 (6.0-89.2) 145 (16 58 9
Missing 2 2,689
Keep chewing tobacco in mouth ovemnigh
No chewing 9 343713 1o 1.0 1.0°
Chewing/Don't keep 82 10,351 303 (15.2-602) 273 (13.4-558) 212 (10.0-45 2)
Chewing/Keep 7 3o 862 (31.9-233.09) 646 (23.0-181.4) 363 (119 111.6)
Missing 2 2,687

1 ). sex (M/F), education {categorics from Table 2), ang BMI (continuous, kg/m?).
*ORrR adjusted for age, sex, education, BMI, smoking (continuous, pack-years), and drinking (continuous, duration in years)..
" OR adjusted for age, sex, education, BMmI, smoking, dninking, and ohacco chewing (years and times per day).

ers and nonsmokers (not presented), the ORs were higher for
nonsmokers (OR, 41.5; 959 CE 12.5-137.6) than for smokers
(OR, 8.0; 95% C1, 3.3, 19.4) Thus, there did not appear to be (95% CI, 1.1-4.6) for the main effect of drinking, 0.8 (950, ClL
a positive effect madification for smoking and tobacco chew- 0.4-1.9) for the main effect of Jow frunt intake, and 4.4 (95%
ing. A more than additive Interaction was seen for chewing and CL2.1-9 2) for the interaction. Low fruit intake Was associated
st i with a lower risk of erythroplakia among nondrinkers (OR, 0.9:
95% CI, 0.4-2.0) than among drinkers (OR, 1.5: 950, Cl,
0.7-3.2), although the CJs overlapped between the two ORs.
The adjusted OR was 2.2 (95% e B 1-4.5) for the main effect
of drinking, 1.0 (95% C1, 0.4-2.4) for the mam effect of Jow
vegetable intake, and 4 8 (95% CI, 2.3-9.9) for the interaction,
not be calculated because of the low number of total erythro- The difference in the adjusted ORs between drinkers (OR, 1.0
plakia cases, 95% CI, 0.4 ~2.4) and nondrinkers (OR, 1.6; 95% C1, 0.8-3.7)
i i ' was also small for Jow vegetable intake. Only potential inter-
actions were Suggested because the CIs of the main effecis
overlapped with the Cg of the interaction lerms,

interaction between drinking and Jow fruit intake anq between
drinking and Jow vegetable intake. The adjusted OR was 7 3

of erythroplakia. The adjusted OR was 26.7 (95% C1, 11.4-
62.5) for the main effect of tobacco chewing, 5.7 (95% CI,
1.4-23.2) for the main effect of low vegetable intake, and 335
(95% ClI, 12.9-87.1) for the Interaction. The risk of erythro-
plakia for subjects with low vegetable intake appeared 1o be

Discussion

Our results indicate that tobacco chewing is a strong risk factor
for erythroplakia. Dose-response relationships were seen for the
frequency of chewing tobacco with the nsk of erythroplakia.
Chewers who swallowed the tobacce fluid and chewers who
kept the chewing tobaceq in their mouths overnight both had
higher risks for erythroplakia than chewers who dig not swal-
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Table 3 Alcohol drinking habits and risk of erythroplakia (ORs and 95% Cls)

Cases Controls

Crude OR (95% CI)

Adjusted OR” (95% C1)

Further adjusted OR" (95% CI)

Alcohol drinking
No drinking
Ever drinking

Alcohol drinking
No drinking
Past
Occasional
Current

Frequency of drinking (days per week)
Continuous
No drinking
1-2
35

67
Missing
P for trend

Duration of drinking (yr)

Continuous
No drinking
1-10

11-20
21-30

>30
Missing

P for wend

62 40,801
38 6,972
62 40,801
14 1475
3 2,743
21 2,754
62 40,801
4 659
10 1,474
21 1,986
3 2,853
62 40,801
4 988
7 1,330
14 1016
10 795
3 2,843

1.0
36 (24-54)

10
62 (35-112)
07 (02-2.3)
50 (3.1-82)

1.13(096-1.34)
10

40 (14-11.0)
45 (23-87)
70 (42-11.8)

0.0001

1,02 (1.00-1.05)
10

27 (10-73)

35 (1.6-76)

91 (51-16.2)
83 (42-162)

0.0001

10
3B (21-1)

1.0

46 (23-92)
10 (03-35)
59 (28-124)

113 (0.96-1.34)
1o

42 (1.4-128)
41 (1893)

64 (32-128)

0.0001

102 (0.99-1.06)
10

28 (09-85)

34 (13-86)

83 (39-178)
69 (3.0-16.0)

0.0001

1.0
30 (1.6-5.7)

10
48 (24-97)
09 (03-3.1)
58 (27-12.5)

112 (0.95-1.33)
10

39 (12-12.0)
43 (19-98)
67 (33-13.7)

0.0001

1.01 (0.97-1.04)
10

27 (09-8.4)

37 (15-9.5)

89 (41-19.4)
65 (27-15.7)

0.0001

“OR adjusted for agc(cmm!. sex (M/F), dnnﬁm{c_lugm from Table 2), and BMI (continuous, kg/m-).

* OR adjusted for age, sex, ed

BMI, smoking (

. pack-years), and chewing tobacco (continuous, duration in years).

Table 4 Risk of erythroplakia and interactions between chewing, smoking, and drinking

Cases Controls Crude OR (95% C1) Adjusted OR™ (95% CT) Further adjusted OR” (95% C1)

Chewing/Smoking

No/No 3 26,731 1.0 1.0 1.0

No/Yes 6 7,642 7.0(17-28.0) 56(13-240) 5.8(1.3-253)

Yes/No 54 8,836 S45(170-1742) 430(132-1400) 413(133-141.1)

Yes/Yes 37 4,564 T722(22.3-2344) 53.6(152-1885) 50.1(14.1-178.9)
Chewing/Drinking

No/No 6 30,566 10 10 1.0

No/Yes 3 3,807 40(1.0-16.1) 38(09-163) 37(0.9-16.1)

YesNo 56 10,235 279(120-64.7) 226(9.6-535) 22.7(96-53.7)

Yes/Yes 35 3,165 563(23.7-134.0) 436 (16.4-116.1) 431 (16.1-1153)
Drinking/Smoking

No/No 48 3a,4M2 1.0 1.0 10

No/Yes 14 6,329 1.6 (0.9-2.9) 2.2(1.0-48) 21(1.0-44)

Yes/No 9 1,095 59(29-12.1) B1(30-219) 48(1.8-131)

YesYes 29 5877 315(22-56) 59(25-13.7) 4.7(2.0-10.6)

“ OR adjusted for age (continuous), sex (M/F), education (categones from Table 2), and BM] (continuous, kg/m*)
" In addition to the adjustment of age, sex, education, and BM], for the model to assess the interactions between chewing and smoking, drinking was further adjusted; for
the model 1o assess the interactions between chewing and dninking, smoking was further adjusted; for the model 1 assess the interactions between dninking and smoking,

chewing was further adjusted.

low or keep the chewing tobacco fluid. Tobacco chewing has
been reported as a risk factor for both oral leukoplakia and oral
cancer. According 1o a previous study, the relative nsk of oral
cancer (tongue and floor of mouth) for tobacco chewers (=10
pan tobacco chewing/day) in Kerala, India was approximately
5.52 for males and 9.27 in females (2). In another study on oral
cancers of the buccal and labial mucosa in Kerala, India, the
relative risk for pan tobacco chewing was 16.36 for male
subjects who had chewed more than 10 per day and was 1424
for female subjects (3). The IARC concluded that there 1s
sufficient evidence for the carcinogenicity of chewing betel
quid containing tobacco for humans (21). For oral leukoplakia,

the nsk for ever-tobacco-chewing was 3.80 in a study in
Uzbekistan (22). Our results indicate that tobacco chewing is a
stronger nisk factor for erythroplakia in comparison with the
effects for oral cancer and oral leukoplakia. This is the first time
that a strong association between chewing tobacco and the risk
of erythroplakia was found in a case-control study.

Alcohol drinking was also indicated as a strong risk factor
for erythroplakia in our study. Dose-response relationships
were shown for the frequency and duration of alcohol use with
the nsk of erythroplakia. Alcohol dnnking has been associated
with oral cancer as a nsk factor and may be involved in a
multiplicative interaction with smoking (23). Alcohol may pos-

Downloaded from cebp.aacrjournals.org on January 27, 2011
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(24). Chewing tobacco may have a stronger effegt than
smoking because of the direct contact of the tobacco carcin.
ogens with the oral epithelium as the chewing tobacco is
chewed or kept in the mouth.

Fruit and vegetable intake showed potential protective
effects, whereas vitamins ang iron supplement intake seemed to
increased risk for erythroplakia in the crude analysis

intake may possibly help prevent erythroplakia or cause eryth-
roplakia regression, similar 1o leukoplakia.

There are several possible limitations to thig study. One
limitation is the use of prevalent cases instead of incident
cases. The OR may be overestimated if the prevalent cases
may have had high levels of chewing, smoking, or drinking
habits and less eXposure to protective factors, which would
lead 1o fewer patients TERressing 1o a less severe lesion. On

progressed to oral cancer.

Our study has potential for information bias. Perhaps some
€xposures were misclassified by the subjects during the inter-
view because “occasional” and “past” use were not defined
with specific frequency of use or with specific time periods.
The possibility of recall bias may be small because the oral
visual inspection was conducted and the fina) diagnosis was

with high €Xxposures to chewing
tobacco, smoking, or alcohol dnnking. In ths Situation, sub-
Jects who are actually controls may be misclassified as cases.
The health workers may also have missed cases n the low- or
no-exposure groups, leading to cases being diagnosed as con-
trols. Detection bias may have led 10 an overestimation of the

risk. H

ined by den:

status;

owever, the subjects with oral lesions were also exam-

thus, the misclassification of controls as cases may be

minimized. The cases who may have been misdiagnosed ag

Another limitation js the small
may lead to few

cision

or oncologisis,
fication in this

sample size of cases, which
Cases in cerain categories, resulting in 1mpre-
of estimates. In our analysis, some of the exposure

categories had only a few cases. For the interactions of drinking

permits a

sults, provided that bias is minimized.

In conclusion, this is the
vestigating the relationships between chewi
ing, alcohol drinking,
indicate that chewing tobacco and

first epidemiological study in-
g tobacco, smok-
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Oral submucous fibrosis: a case-control study in Chennai, South India.

Ranganathan K, Devi MU, Joshua E, Kirankumar K, Saraswathi TR.

-

Department of Oral Pathology, Ragas Dental College and Hospital, Chennai, India. ran2@vsnl.com

Comment in: Evid Based Dent. 2006:7(3):79-80.

Abstract
BACKGROUND: Oral submucous fibrosis (OSF) is a pre-cancerous condition caused by the use of areca nut in

various forms. There are very few published reports on areca nut use and OSF from Chennai, South India.

METHODS: A hospital-based case-control study on habits and OSF was performed in Chennai over a 3-year period.

A total of 185 consecutive patients with OSF were matched with age- and sex-matched controls. History was

recorded in a pre-determined format by qualified dental surgeons.

RESULTS: The male to female ratio of OSF cases was 9.9 : 1. All areca nut products were associated with OSF, with

the risk being greatest for pan masala. The duration of the habit was more significant than the frequency of the
chewing habit.
CONCLUSION: The present study confirms the strong association between areca nut use and OSF and the

increasing use of pan masala.

D
s
w2



Axyvyvar#j': ff g

k Oncology | amg.'.)cm_

Head & l_\_lec

Research
Correlation of histopathological diagnosis with habits and clinical
findings in oral submucous fibrosis

Shruti Pandya!, Ajay Kumar Chaudhary3, Mamta Singh?, Mangal Singh? and

: *
Ravi Mehrotra*! -
Address: 'Departments of Pathology, Moti Lal Nehru Medical College, Allahabad, India, *Otorhinolayngology, Moti Lal Nehru Medical College,
Allahabad, India and *Centre for Biotechnology, University of Allahabad, India [

i

Email: Shruti Pandya -shmligemtch@gmail.wm. Ajay Kumar Chaudhary - ajaygenome@gmail com: Mamita Singh - mrspath25@gmail com:
Mangal Singh - mangalsingh@yahoo.co.in; Ravi Mehrotra* - rm8509@gmail com
* Corresponding author

Published: 2 May 2009 Received: 26 March 2009
Head & Neck Oncology 2009, 1:10  doi10.1186/1758.3284.1.10 Accepted: 2 May 2009
This article is available from: hrtpﬂmlmdandneckoncoiogy.org!contmﬂHHID

© 2009 Pandya et al; licensee BioMed Central Ltd.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License Mmmmmﬂ&mmﬂ)‘
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is property cited.
Abstract

Background: Oral submucous fibrosis is a common oral health problem in India. This study was
conducted to correlate the histopathological diagnosis with habits and clinical findings in patients
suffering from oral submucous fibrosis (OSF).

Methods: Patiencs suffering from oral submucous fibrosis from the Departments of
Otorhinolayngology and Pathology, Moti Lal Nehru Medical College, Allahabad, India were studied
from 2004-2008. Detailed information was gathered in a pretested proforma. Emphasis was given
to the various addictions, clinical findings and histological examination was done.

Results: Two hundred and thirty nine patients were studied, yielding a male to female ratio of
6.8:1. Maximum patients were in the 21-30 years age group with a marked male predominance. Of
these, 197 (82.4%) patients chewed areca nut/dohra, 14 (5.8%) were smokers and 2 (0.8%) patients
were habituated to alcohol. 89(37.2%) patients reported difficulty in opening of the mouth
(trismus). 51 (57.4%) patients were found to have stage Il (2-3 €m) trismus while rest had stage |
and lll. The buccal mucosa was found to be the most commonly involved site. On the basis of
histopathological examination, 52(21.7%) were classified as OSF grade I, 75(31.3%) patients as
grade lland | 12(46.8%) had grade Ill disease.

Conclusion: The widespread habit of chewing dohra/paan masala is a major risk factor of OSF,
especially in the younger age group. In this study, an increase in histopathological grading was found
with severity and duration of addiction habit. However no significant correlation was found
between clinical staging and histopathological grading.

Background followed by fibroelastic changes in the lamina propia and
Oral submucous fibrosis (OSF) is a chronic and poten associated epuhcliala:rophy The disease affects most pan
tially malignant condition of the oral cavity. Itis charac-  of the oral cavity as well as the upper third of the esopha-

terized by a juxtraepithelial inflammatory reaction gus. [1]
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The pathogenesis of OSF is not well established, but is
believed to be multifactorial. The chewing of betel quid
(containing areca nut, tobacco and slaked lime) has been
recognized as one of the most important risk factors for
OSF. [2-4] Over the years, the incidence of OSF has
increased manifold in various parts of the Indian subcon-
tinent including Allahabad. [5]

In spite of the fact that the habit of areca nut chewing with
or without betel quid is rampant, the correlation between
the extent and duration of addictions with clinical and
histopathologica! grading has net been attempted so far.
Thus, this study was designed investigate to these issues.

Methods
Patients suffering from OSF from the Departments of

Otorhinolayngology and Pathology, Moti Lal Nehru Med-
ical College, Allahabad were studied from 2004-2008,
after obtaining clearance from the institutional ethical
committee. Detailed information of each patient was
noted in a pretested proforma. Information regarding the
patients’ name, age, sex, occupation, background, dietary
habits, dental hygiene, personal habits and present com-
plaints was gathered. Emphasis was given to addictions
like areca nut, tobacco and alcohol. Detailed clinical
examination of each patient was done to assess the site,
size and type of lesion. Trismus was classified as stage 1 (>
3 cm), stage I1 (2-3 cm) and stage 111 (<2 cm). For confir-
mation of the clinical diagnosis, histopathological exami-
nation was carried out. The biopsy tissue was processed by
paraffin embedding and 2-3 micrometer thick sections
were cut and stained by Haematoxylin and eosin (H and
E). Histopathological examination was done and results
were recorded according to the traditional grading by
Pindborg and Sirsat. |6] who had described four consecu-
tive stages (Table 1)

Results
Two hundred and thirty nine OSF patients were studied,

of which 204(85.4%) were males and 35(14.6%) females

Table |: Histopathological classification of OSF

http:/Mww _headandneckoncology.org/content/1/1/10

with a male to female ratio of 6.8:1. Maximum number of
patients, 109(45.6%) were in the 21-30 years age group
followed by 67 (28%) patients in the 31-40 years of age
|Figure 1].

According to their personal habits, 110(46%) patients
chewed areca nut/dohra, 49 (20.5%) patients consumed
gutka, 38 (15.8%) patients were habituated to smoking,
11(4.6%) chewed and smoked, 7 (2.9%) patients were
addicted to alcohol and chewing. 7 (2.9%) patients were
addicted to alcohol and smoking and 2 patiepts were
addicted only 1o alcohol |Table 2.

With regard to site distribution, the buccal mucosa was
the most common involved site with 66(20.8%) patients
being involved. Palate was the second common site and
affected 37(17.7%) patients. Both buccal mucosa and the
palate were involved in 19(7.9%) patients. Buccal mucosa
with the retro molar area involvement was found in 27
(3.1%) patients |Figure 2].

On the basis of clinical symptoms, 89(37.2%) patients
reported difficulty in opening of the mouth, 62(25.9%)
patients suffered from a burmning sensation of the buccal
cavity, 54(22.5%) patients reported excessive salivation
and 34(14.2%) patients reported recurrent oral ulcera-
tions [Figure 3].

On correlating the histopathological findings with the
patients’ addiction habits, 52 (21.7%) had OSF grade I, of
which 20(38.5%) chewed paan masala/dohra, 10
(19.2%) took only gutka, 7(13.5%) consumed betel quid
with areca nut and tobacco, 5 (11.1%) were smokers, 5
(9.6%) patients were both chewers and smokers, 3 (5.8%)
were addicted to alcohol and chewing, while 2 (3.6%)
were habituated 1o alcohol and smoking. On correlating
histopathological findings with frequency and duration of
addiction in OSF grade I, maximum patients were
addicted for at least 3-5 years and used tobacco products
4-5 times per day.

Very early stage (Grade I): Early stage (Grade II):

Moderately advanced stage

Advanced stage (Grade IV):

(Grade lll):

< A finely fibrillar collagen,
dispersed with marked edema.

< The juxta-epithelial area shows
early hyalinization.

% The collagen is moderately
hyalinized.

% The collagen is completely
hyalinized.

«+ The fibroblasuc response is
strong.

< The blood vessels are
sometimes normal, but more often
they are dilated and congested.

< Inflammatory cells, mainly
polymorphonuclear leukocytes
with an occasional eosinophil are
present

< Plump young fibroblasts are
present in moderate numbers.
% The blood vestels are dilated
and congested.

+ The inflammatory cells are

mostly mononuclear lymphocytes,

eosinophils and an occasional
plasma cell.

% The fibroblastic response is less
marked, the cells present being
mostly adult fibrocytes.

% Blood vessels are normal or
constricted.

+ The inflammatory exudates
consist of lymphocytes and plasma
cells, although an occasional
eosinophil is seen

1025
.

P

< The hyalinized areas are devoid
of fibroblasts.

% Blood vessels are completely
obliterated or narrowed.

% The inflammatory cells are
lymphocytes and plasma cells.

Page 2 of 1
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Figure |
Distribution of 239 cases of OSF according to age & sex.

Table 2: Distribution of patients on their personal habits

Personal Habits

No. of Patients

Total
-C_he“r;ng (Areca Nutf;o_l';r-'a)__ - - __I I-D (:6:3; - I9?(82_4%_) o
;d::_- - - ___49(20.57.}___ -
Betel quid h::h_;;ec:t:\;ohacm_—_ = _JB (IS._S%)____ B
_Smokmg ‘ Budﬁ_Cu;et:sf;lp:_ - o __I; (5.9‘%)_—_ o _H_(;!;)_- -
Mebe T 20 zem
Comboston  Chewig s Smokng T e
Neohors Chewing. rem
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Figure 2
Sites of fibrosis.

In OSF grade 1l category, out of 75(31.3%) patients, 30
(40%) chewed paan masala/dohra, 16(21.3%) were
habituated to gutka, 11 (14.7%) took betel quid along
with areca nut and tobacco, 6(8%) smoked bidi/cigarettes
|Figure 4]. Four (5.3%) patients chewed and smoked
tobacco, 3(4%) were addicted to chewing and alcohol and
another 3 (4%) were addicted 10 alcohol and smoking.
One patient was addicted to alcohol and 1 patient did not
have any habit. In this group, maximum patients were
addicted for 7-10 years and daily consumed the sub-
stances 4-8 times per day.

One hundred and twelve (46.8%) patients had his-
topathological grade 111 disease and of these 60 (53.5%)
chewed paan masala/dohra, 23 (20.4%) were habituated
1o gutka, 20 (18%) consumed betel quid with areca nut
and tobacco, 3(2.7%) were smokers, 2 (1.8%) both
chewed and smoked, 2 (1.8%) were addicted to alcohol
and smoking, 1(0.9%) consumed alcohol and chewed
tobacco and 1(0.9%) was addicted to alcohol. Majority of
patients of this group consumed 1obacco products for 8-

|G 2%
4o

Male
B Female |-

10 years or more with a frequency of 6-10 times per day
[Table 3, Figure 5].

On correlating clinical grading of trismus and histopatho-
logical grading, patients who had clinical stage 1 trismus
3(16.6%) patients had grade I, 5(17.2%) had grade Il and
8 (19%) had grade III. In stage 1 trismus group,
11(61.1%) patients had grade 1 and 17(58.6%) had grade
Il and 23(54.7%) had grade I11. While in stage 111 trismus,
4 (22.2%) patients had grade 1, 7 (24.1%) had grade 11
and 11(26.1%) had grade I11. [Table 4|

Discussion

OSF is a potentially malignant disease of oral cavity and is
most commonly found in Asian countries. Reicharn et al
suggested that as a result of transmigration of popula
tions, an increasing number of OSF cases are being found
in other countries. | 7] It constitutes one of the major oral
health problems in countries like India. In this study, 239
OSF patients were studied over a 4-year period. Majority
of the patients were in the 21-30 years of age group with
a male to female ratio 6.8:1. Kumar et al found similar

Page 4 of 10
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Figure 3

age group (< 30 years) with a similar male 10 female ratio
of 5:1. |9] However, Zhang et al from China suggested
that the prevalence of bete| quid chewing is highest in the
Hunan and Hainan Provinces (64.5% 1o 82.7%) with
signs of OSF in 0.9% o 4.7% of the population and the
30 10 49 years 4g€ group being the mos; commonly
affected [10]

Areca nut, incriminated in the causation of OSF is often
wrapped in the leaf of a tropical creeper, Piper betle 1. com.
monly known as the betel leaf of Paan [Figure 6]. The
usage of paan is widespread in the Indian subcontinent,
mostly in the Hindi speaking heartland of North and Cen-
tral India.

In the Allahabad region, consumption of a unique prepa-
ration called dohra is widespread. |1 1] 1tis popular in the
district as well as neighbouring regions of Jaunpur and
Pratapgarh. It is a mixture of tobacco, slaked lime, areca

and marketed without any brand name. Abour 200 mg
product is kept in plastic bag and a rubber band is applied.

T

e

http'waw.headandneckoncoIogy org/content/1/1/10

& Male
MFemale

One packet is sold for as less as one fupee (approx two s
cents). Users consume tobacco {Sunil?.arda} with dohra
according to their level of addiction. In this study, 110
(46%) patients, chewed paan masala/dohra. On the other

by women while Khara/Mawa, the common name of
gutka (combination of areca nut, paan masala and
tobacco) in that region, was usually consumed by men.
[9] Babu et a) reported that habityal chewing of pan
masala/gutkha is assodiated with earljer Presentation of
oral submucous fibrosis than bete] quid use, | 12] Thomas
etal from South India suggested tobacco chewing was the
Most important risk factor for multiple oral premalignany
lesions and may be a major etiological factor for cancers
on the oral epithelium in the Indian population, [13]

In this study, 38 (15.8%) patients were addicted to betel
quid with areca nuy and tobacco. 14 (5.9%) males were
addicted 10 smoking alone. Only 2 (0 8%) males were
habituated 1o alcohol, but no consistent correlation was
found between the OSF and smoking/alcohol consump.

Page 5 of 10
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Figure 4
Oral mucosa showing OSF grade Il demonstrating
fibroblasts in the juxta-epithelial area with dilated
blood vessels (H and E x100).

tion. Ho et al reported a significant contribution of smok-
ing and alcohol consumption to the malignant
transformation of OSF [14] However, combination of
alcohol, chewing and smoking was comparatively more
dangerous, 25 (10.4%) patients were addicted to combi-
nation of chewing, smoking and alcohol. Similarly,
Auluck et al reported from immigrant population in Can-
ada that smoking and alcohol drinking along with areca
quid chewing showed a significant association with leu-
koplakia, OSF and verrucous lesions. [15]

Buccal mucosa was found the most commonly involved
site in 66(20.8%) patients followed by palate 37(17.7%)
and the retromolar area 22(14.7%). Previous reports also
corroborated these findings. [9,14,15] Bhugan et al from
Pakistan also reported that mucosa of the cheek (55.9%)
was the most common site followed by the tongue
(28.4%) [16] While Reichart and Way reported the tongue
was the most common site, in their study. [17] In this
series, none of the patients were reported with involve
ment of the larynx, pharynx or the esophagus.

http:/lIwww_headandneckoncology.org/content/1/1/10

Clinically, trismus (opening of the mouth cavity) is an
important symptom of OSF. In this study, 89 (37.2%)
patients were found to have trismus of which, 16 (17.9%)
had stage I, 51(57.3%) patients had stage II trismus fol-
lowed by 22 (24.7%) of stage I11. Chiu et al reported the
trismus was the chief complaint in 90.8% of their
patients. [18] Kumar et al also reported that 75% males
and 80% females with OSF patients had stage 11 disease
and suggested that this could be due to the fact that the
majority of the patients reported for treatment only after
the onset of restriction in their ability to open their
mouths. |8] Hazarey et al also reported that maximum
patients of OSF, in their study, had stage III trismus. [9]

On the correlation of addiction habit and histopatholog-
ical findings, maximum patients had histopathological
grade I11 OSF and took tobacco products for 8-10 years or
more with high frequency (7-10 times per day) followed
by histopathological grade 11 and 1. Kumar et al suggested
the patients who used paan masala with a greater fre-
quency/day developed OSF with a shorter duration of the
habit. [8] Maher et al from Pakistan reported that the daily
consumption rate appears to be much more significant
with respect to risk than the lifelong duration of the habit.
[19] Some reports suggested that both the duration and
daily frequency of areca nut use increase the risk of cancer,
suggesting a dose-response relationship. [20] Similarly,
Shah et al reported that the total duration of the chewing
habit was not significantly correlated to OSF. They
hypothesized that the exposure to the total burden of var-
ious harmful substances in a given period, i.e., daily con-
sumption was more significant that the total duration of
the habit. [21] No correlation was found between clinical
grading and histopathological grading in this study akin
to Kumar et al who did not find any correlation between
clinical symptoms and degree of fibrosis. |8]

The treatment of patients with oral submucous fibrosis

_depends on the degree of clinical involvement. If the dis-

ease is detected at a very early stage, cessation of the habit
is suffident. Most patients with oral submucous fibrosis
present with moderate-to-severe disease. Medical treat-
ment is symptomatic and predominantly aimed at
improving mouth movements. Treatment strategies
include the following: Steroids, Placental extracts [22],
Hyaluronidase, Pentoxifylline[23|, IFN-gamma|24] and
Lycopene|25].

Surgical treatment is indicated in patients with severe tris
mus and/or biopsy results revealing dysplastic or neoplas-
tic changes. Surgical modalities that have been used
include simple excision of the fibrous bands, Split-thick-
ness skin grafting, Nasolabial flaps and lingual pedicle
flaps. Use of a KIP-532 laser release procedure was
recently found to increase mouth opening range in 9
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Table 3: Distribution of patients with their Hhtopathulogical findings and habits

Histological Findings

No of patients
N =239

Habits No of Patients

Male
N =204

Female
N =35

25 T
Frequency/Day

Duration (Years)

52 (21.8%) Chewing (Areca Nut/Dohra) 20 (38.5%) 17 (85%) 3 (15%) B 34 34 yrs

Gutka 10 (19.2%) 9 (90%) I (10%) 2-3 24 yrs

Betel quid with areca nut and tobacco 7 (13.5%) 4(57.2%) 3 (42.8%) 24 45 yrs

Smoking 5(11.1%) 5 (100%) 0 (0%) 5-10 >S5 yrs

(Bidi i/Cigarettes/Pipes

-_—

Alcohol 0 (0%) 0 (0%) 0 (0%) 0 0

Chewing + Smoking 5 (9.6%) 4 (80%) I (20%) 2-5/ 3= yrs

Alcohol+ Chewing 3 (5.8%) 3 (100%) 0 (0%) 1-3 2-1 yrs

Alcohol+ Smoking 2(3.6%) 2 (100%) 0 (0%) 2-5 45 yrs
OSMF 11 75 Chewing (Areca Nut/Dohra) 30 (40%) 24 (80%) 6 (20%) 7-10 8-10yrs

(31, 4%)
Gutka 16 (21.3%) 11(68.8%) 5(31.2%)  5-¢ 7-10 yrs
- o L)
Betel quid with areca nut and tobacco 11 (14,7%) 7 (63.7%) 4(36.3%) 69 6~7 yrs
1]
Smoking 6 (8%) 6 (100%) 0 (0%) g=10 7-9 yrs
{BidifogaremsfPlpe:}
) ! ; :
]
] ) : .
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I 1 ] ] ) 1 1 ] 1 I L}
Table 3: Distribution of patients with their Histopathological findings and habits (Continued)
Alcohol 1 (1.3%) 1 (100%) 0 (0%) 2-3 67
Chewing + Smoking 4 (5.3%) 3 (75%) 1 (25%) ] 68 yrs
Alcohol+ Chewing 3 (4%) 3 (100%) 0 (0%) 3-8 7=10yrs
Alcohol+ Smoking 3 (4%) 3 (100%) 0 (0%) 47 B-10yrs
None I (1.4%) 1 (100%) 0 (0%)
_;SMF n 112 [46.8-%) - Chewing(Areca Nut/Dohra) 60 (53.5%) 54 (90%) 6 (10%) 10-15 10-17 yrs
Gutka 23 (20.4%) 21(91.3%) 2(8.7%) 8-10 7-10yrs
Betel quid with areca nut and tobacco 20 17 (85%) 3(15%) 7-9 7-9 yrs
(18%)
Smoking 3(2.7%) 3 (100%) 0 (0%) 8-10 9-10 yrs
(Bidi/Cigarettes/Pipes)
Alcohol 1(0.9%) 1 (100%) 0 (0%) 45 7-10
Chewing + Smoking 2(1.8%) 2 (100%) 0 (0%) 6-9 8-10yrs
Alcohol+ Chewing 1(0.9%) | (100%) 0 (0%) 4-8 7=9yrs
Alcohol+ Smoking 2(1.8%) 2 (100%) 0 (0%) 9 8-10yrs

Page 8 of 10
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Figure §

Oral Mucosa showing OSF grade Il showing thinning
of the epidermis, hyalinized collagen and lym-
phocytic infiltration. (H and E x 400).

patients over a 12-month follow-up period in one study
[26].

Physical therapy using muscle-stretching exercises for the
mouth may be helpful in preventing further limitation of
mouth movements. This is often combined with medical
and surgical therapy

Surveillance for OSF is being carried out routinely in the
department of ()mrl'zinolaryngofngy out-patients depart
ment at the S.R.N. Hospital associated with the Medical
School. As a small percentage of patients with OSE gO on

Table 4: Distribution of patients according to staging of trismus and

http: /Avww headandneckonmlogy.orgimntenumn 0

Figure &
Paan quids being served at a wedding reception.

to develop malignancy, correlation of hislopamological
findings and clinical findings is imporntant.

Conclusion

This study concluded that the widespread habits of chew-
ing dohra and Paan masala are the major risk factors of
OSF, especially affecting the younger generation. An
increase is found in hislopamologi(.'sl grading and addic.
tion habit and to the best of our knowledge, this correla-
ton has not been altempted before. However
significant correlation was found between tnsmus and
hismpalhological grading.

histopat}mlogical grading

—_— - e B

Stage of Trismus Grading Total

o _ : Grade | - Grade 11 o _;Er;de m -
S;g: - - ;(166%} _ ____SII;}%) - _B_(I9%) - I_é(_l?'?%.} -
_S-u;e: - - I (61.1%) - :7_[58 6%) o __?_3{_54-._}'%) - _____SI(S? 3%) -
s;e]._ a - 4(22.2%) o ._—_?_é:u-.m o _l_l.{;s.m; - 1;2. (24.7%) o
T  mewm am m a -
Page S of 10
[ F’r' ) 2_ i (Page number not tor citanns purpcses
| U~



Head & Neck Oncology 2009, 1:10

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

SP and AKC carried out the experimental work, analysis
and drafted the manuscript. RM conceived of the study,
participated in its design and coordination as well as
helped to draft the manuscript. MS and Mamta Singh par-
ticipated in coordination of the study and helped to draft
the manuscript. All authors read and approved the final
manuscript.

References

. Tilakratne WM, Klinikowski MF, Saku T, Peters T). Warnakulsuriya
S: Oral submucous fibrosis: Review on aetiology and patho-
genesis. Oral Oncol 2005, 30:30-32.

2. Sinor PN, Gupta PC, Murti PR, Bhonsle RB, Daftary DK, Mehta FS: A
case-control study of oral submucous fibrosis with special
reference to the aetiologic role of areca nut. | Orol Pathol Med
1990, 19:94-98.

3. Lai DR, Chen HR, Lin LM, Huang YL, Tsai CC: Clinical evaluation
of different treatment methods for oral submucous fibrosis.
A 10-year experience with 150 cases. | Oral Pathol Med 1995,
24:402-6.

4. Rajalalitha P, Vali 5: Molecular pathogenesis of oral submucous
fibrosis-a collagen metabolic disorder. | Oral Pathol Med 2005,
34:321-28.

S.  Mehrotra R, Pandya S, Chaudhary AK, Kumar M, Singh M: Preva-
lence of oral premalignant and malignant lesions at a tertiary
level hospital in Allahabad, India. Asion Poc | Concer Prev. 2008,
9(2):263-265.

6. Pindborg JJ. Odont, Sirsat SM: Oral submucous fibrosis. Oral Surg,
Orol Med, Oral Pathol 1966, 22:764-79.

7. Reichart PA, Philipsen HP: Oral submucous fibrosis in a 31-year-
old Indian women: first case report from Germany. Mund
Kiefer Gesichtschir. 2006, 10(3):192-196.

8. Kumar KK, Saraswathi TR, Ranganathan K, Devi MU, Elizabeth |: Oral
submucous fibrosis: A clinico-histopathological study in
Chennai. Indian | Dent Res 2007, 18:106-11.

9.  Hazarey VK, Erlewad DM, Mundhe KA, Ughade SN: Oral submu-
cous fibrosis: study of 1000 cases from Central India. | Oral
Pathol Med 2006, 35:1-6.

10. Zhang X, Reichart PA: A review of betel quid chewing, oral can-
cer and precancer in Mainland China. Oral Oncology 2007,
43(5):424-30.

). Mehrotra R, Singh M, Kumar D, Pandey AN, Guptaa RK, Sinha US:
Age specific incidence rate and pathological spectrum of oral
cancer in Allahabad. Indian | Med 5a 2003, 57:400-04.

12, Babu S, Bhat RY, Kumar PU, et al: A comparative clinico-patho-
logical study of oral submucous fibrosis in habitual chewers
of pan masala and betelquid. | Toxxol Cin Toxicol 1996,
34(3):317-22

13. Thomas G, Hashibe M, Jacob BJ. Ramadas K, Mathew B, Sankaranaray-
anan R, et al: Risk factors of multiple oral premaliganant
lesions. Int | Cancer 2003, 107:285-91.

14, Ho PS, Yang YH, Shieh TY, Huang IY, Chen YK, Lin KN: Consump-
tion of areca quid, cigarettes, and alcohol related to the
comorbidity of oral submucous fibrosis and oral cancer. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2007, 104(5):647-652.

|5 Auluck A, Rosin MP, Zhang L- Oral submucous fibrosis, a clini-
cally benign but potentially malignant disease: report of 3
cases and review of the literature. | Con Dent Assoc 2008,
74:735-40.

16. Bhurgri Y: Cancer of the oral cavity — trends in Karachi South.
Asion Pac | Cancer Prev 2005, 6:22-26.

17. Reichart PA, Way TH: Oral cancer and pre-cancer in Myanmar:
a short review. | Oral Pathol Med 2006, 35:193-6

I8. Chiu CJ, Lee WC, Chiang CP, Hahen U, Kuo YS, Chen C): A scoring
system for the early detection of oral sub mucous fibrosis
based on a self administered questionnaires. | Pub Heaith Den-

tist 2002, 62:28-31.

G 2>

20.

21.

22

21,

14

25.

26.

http:/imww headandneckoncology org/content/1/1/10

Maher R, Lee AJ. Warnakulasuriya KA. Lewis JA, Johnson NW: Role

of areca nut in the causation of Oral submucous fibrosis: A

case control study in Pakistan. | Oral Pathol Med 1994, 23:65-69.

Gupta PC, Sinor PN, Bhonsle RB, Pawar VS, Mehta BC: Oral submu-

cous fibrosis in India: A new epidemic? Nad Med | India. 1998,

11(3):113-116.

Shah N, Sharma PP: Role of chewing and smoking habits in the
aetiology of oral submucous fibrosis (OSF): a case control

study. | Oral Pathol Med 1998, 27:475-79.

Sur TK, Biswas TK, Ali L, Mukherjee B: Anti-inflammatory and
anti-platelet aggregation ivity of human placental
extract. Acta Pharmacol Sin 2003, 24(2):187-92.

Rajendran R. Rani V, Shaikh S: Pentoxifylline therapy: a new
adjunct in the treatment of oral submucous fibrosis. Indion J
Dent Res 2006, 17(4):190-8.

Haque MF, Meghii S, Nazir R, Harris M: Interferon gamma (IFN-
gamma) may reverse oral submucous fibrosis. | Oral Pathol
Med 2001, 30(1):12-21.

Kumar A, Bagewadi A, Keluskar V, Singh M: Efficacy of lycopene in
the management of oral submucous fibrosis. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2007, 103(2):207-13.

Nayak DR, Mahesh SG, Aggarwal D, Pavithran P, Pujary K, Pillai S
Role of KTP-532 laser in management of oral submucous
fibrosis. | Laryngol Otol. 2008, 123(4):1-4.

Submit your manusinipt here
nrp e blomedoentral comfinfo/publishing adv asp

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime. *

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
- available free of charge to the entire biomedical comm unity
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
» yours — you keep the copyright
BioMedcentral

Page 10 of 10

(page number not for citation purposes)




J Toxicol Clin Toxicol. 1996,34(3):317.20.
J Toxicol Clin Toxicol.

A comparative clinico-pathological study of ora| Submucous fibrosis in habitual] =
chewers of pan masala and betelquid.

Babu S, Bhat RV, Kurna-r PU, Sesi.karan B, Rao KV, Aruna P, Reddy PR. %

/163 L{g_



N e

3.
)
3.
-3

British Journal of Cancer (2003) 88, 366 - 7
© 2003 Cancer Research UK All nghts reserved 0007 092003 $2500

www.bjcancer.com

ﬂf\milvt,f)}--ﬁ {2-~ C

The precancer risk of betel quid chewing, tobacco use and alcohol
consumption in oral leukoplakia and oral submucous fibrosis in
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between oral precancerous lesion and condition t
attributable effect on oral leukoplakia (OL) and o

heterogeneity in risk for a
experienced a higher nsk at
Alcohol intake did not appear to be a nsk factor. Hi

leukoplakia.
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Studies from Pakistan, India and Mainland China consistently
showed that chewing of areca nut was the major aetiologic factor
for oral leukoplakia (OL) and oral submucous fibrosis (OSF)
(Mehta et al, 1981; Maher et al, 1994; Tang et al, 1997). However, in
a review of case series, the proportion of areca nut chewers among
individuals with OL and OSF varied from 43 -68% and 34-100%,
respectively (Bhonsle et al, 1987; Ikeda et al, 1995; Hashibe et al,
2000). Factors other than areca nut chewing might play a role in
the development of oral precancerous diseases in populations.

Tobacco smoking and alcohol abuse are involved in the
pathogenesis of oral cavity cancer, and the two agents appear 10
act synergisticall)f (Blot et al, 1988; Merletti et al, 1989; Ko et al,
1995). Although OL and OSF are both high-risk preneoplastic
states, the independent and interactive associations between
cigarette smoking, alcohol consumption and areca nut chewing
have not been well established in these oral diseases.

-
'_Correspondence. Dr Y-C Ko; College of Medicne, Kachsiung Medica
Unwersity. No. 100 Shih-Chuan |st Road, Kaohsiung City Tawan. ROC
§07. E-mail ycko@kmu.edutw
Receved 2 August 2002, revised
October 2002

71 October 2002. accepted 25

In areas where the practise of betel quid chewing 15 widespread and _
o the three habits is probably complex To explore such association and their

ral submucous fibrosis (OSF), a gender - age-matched case —control study was

the chewers also often smoke and dnnk alcohol, the relation

i histologically confirmed OL or

conducted at Kaohsiung, southem Taiwan. This study included 219 patients with newly diagnosed and i
OSE. and 876 randomly selected community controls. All information was collected by a structured questionnaire through in-person
interviews. A preponderance of younger patients had OSF. while a predominance of older patients had OL Betel quid chewing was
strongly associated with both these oral diseases, the attributable fraction of OL being 73.2% and of OSF 854%. While the
reca nut chewing across the two diseases was not apparent. betel quid chewing patients with OSF
each exposure level of chewing duration, quantity and cumulative measure than those who had OL.

owever, cigarette smoking had a significant contribution to the sk of OL and
modified the effect of chewing based on an additive \nteraction model. For the two oral premalignant diseases combined, 86.5% was

attributable to chewing and smoking. Our results suggested that, although betel quid chewing was a major cause for both OL and
OSF. its effect might be difference between the two diseases. Cigarette smoking has a modifying effect in the development of oral

British Journal of Cancer (2003) 88, 366-372. dotl0. 1038/5)bjc.6600727  www.bjcancer.com

Keywords: oral leukoplakia; oral submucous fibrosis; risk factors; areca. smoking: aicohol dnnking

In Taiwan, about 2 million people practise the habit of chewing
betel quid. As a high proportion of betel quid chewers are also
smokers (86%) or drinkers (74%) in southern Taiwan (Ko et al,
1992), we present a case - control study investigating the indepen-
dent and synergistic effects of betel quid chewing, tobacco use and
alcohol consumption in the development of OL and OSF,
examining the heterogeneity of risk across both the diseases.

MATERIALS AND METHODS

Subject selection and data collection

The study population is composed of residents of the greater
Kaohsiung area of Taiwan, which includes a city and some suburban
and rural communities. The oral precancerous cases in the study
were recruited from Kaohsiung Medical University Hospital, which
is a highly regarded teaching hospital in tropical southern Taiwan,
and is accessible to patients from all socioeconomic groups. Subjects
who visited the hospital's dentistry department during 1994 and
1995 and were suspected of having OL or OSF on clinical criteria
were considered as potential cases. Only patients who were newly
diagnosed and were histologically confirmed with the two types of
oral diseases by pathologists were included. However, patients who

163



were recruited. Of these, 184 subjects refused to, or could not,
participate in the study. The reasons Were: 100 busy for (he
interview; out of town; and moving out angd could not be located. A
total of 876 matched controls Participated in the study.

The research workers were trained in the Management of pry!
Precancerous cases and controls. Each subject was Interviewed face

Per pack) consumed daily by the years of using, was employed as
the indicators of chewing ang smoking. In addition, the types of

with a piece of inflorescence of Piper Betel Linn, areca ny with a
Piece of betel leaf, anq both mixed.

Statistical analyses

Odds ratios (ORs) and 959, confidence interya)s (CI) were estimated
for precancer risk of various factors by using conditional logistic
Tegression analyses. Statistica) significance of trend was calcyulageqd by
Calegorizing exposure variables and treating scored variables a5
continuous, Separate analyses were conducted for O] and OSF. To
control the potential confounding effects, ORs were adjusted for
educational leve] (<7,7-9, 59 years) and OCCupation (whijte collar,

expressed as OR ratios (Lee et ql, 2001). Interactive effects of any
suspected risk factors were evaluated by assuming an addjtive
Interaction relation, The Synergism indey (S1) proposed by Rothman
and its 95% Cl were cOmputed to assess the empirical deviation

method.

© 2003 Cancer Research Lk
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RESULTS

The demographic distributions of OL and OsF Patients, and thej;
controls are presented by five characteristics jn Table 1. Cases ang
ch dis

controls in e, €ase group were closely matched in age and =

gender,

(OR=0.4 -0.6).

were found to experience, Tespectively, a 5.6 - 6.5-fold and 6, -7.0-
fold elevated risk of OL and OSF. However, for subects with a

developing Of, and OSF alsq increased, A dose -response relation
Ween  exposure levels and ory) Precancer risks \yoo also
5).

The characteristics of betel quid chews; history were €xamined
in the Case-control pajrs for OL and Osf (Table 3). The risks for the
W0 oral premalignans diseases among current chewers were 223
40.7-fold higher than that 4mong never chewers, andonly 7.1}, ).
fold increases were observed 3Mong ex-chewers. The heterogeneity

Furthermore, the risk did noy relate to the types of bete] materials.
Chewing bete] quid with a piece of Piper Bete] Linn inflorescence
showed the highest Precancer risk in both the ora] diseases,

chewing (Table 4). For nonsmokers and nondrinkerg who
Practised the habj; of betel quid chewing, the risks of ora) OSF
increased 39.3. and 26.5-fold, Tespectively, €ompared ;i}, those
who did noy have the habit. The risks were largely increased for

the patients of OL. However, fo, smokers who djg not chew beye|
quid, the significant risk of OL was detected, Moreover, Cigarerte
$moking was found to modify the effect of bete] quid chewip,

based on the model of additiye interaction (SI=33. P<0.05).
Although most of the OR ratjog between OSF and OL for arec, nut
chewing alone or combined with smoking or drinking were larger

This study foung that bete] quid chewing wys the Principal cayse
of OL and OSF. Subjects who ever chewed areca Nut experience ,

Brtish Jourmnat of Cancer (2003) B8(3) 3., 7
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Table |  Distnbutions and odds ratios of OL and OSF associated with demographic factors, Tawan
Oral leukoplakia Oral submucous fibrosis
Factor/category No. of cases No. of controls OR (95% CI) No. of cases No. of controls OR (95% CI)
Age (years)
<3l 5 20 22 88
31-40 37 148 38 152
41-50 31 124 & 64
>50 52 208 18 72
Gender= -
Male 118 472 93 in
Fermale 7 18 I 4
Ethrucmy i
Fukienese 97 378 10 71 | 287 10
mmr 14 54 1.0 (05-2.1) 10 35 1.1 (05-2.5)
Hakka I 65 07 (03-13) I 50 09 (0.4-1.8)
Abongines 3 3 39 (0B-19.6) 2 4 22 (03-134)
Years of education
<7 74 259 10 37 110 10
7-9 21 84 08 (0.4-14) 19 78 06 (03-1.2)
>9 30 157 06 (03-09) 38 188 04 (0.2-08)
Ck(upatloﬂ
Blue coliar 77 269 10 56 183 10
Earvier 25 %0 1.0 (06-17) 15 49 11 (05-2.2)
White collar 23 141 06 (0.3 09) 23 144 05 (03-09)

Table 2 Odds ratios of OL and OSF associated with cgarette smoking and alcohol drnking, Tawan

Oral leukoplakia Oral submucous fibrosis

Factor/category No. of cases No. of controls OR* (95% CI) No. of cases No. of controls OR* (95% CI)
Cigorette srmoking

Never® 19 258 10 . 10 188 1.0

Ex & 16 56 (19 166) 5 14 65 (1.9-22.3)

Current 100 226 6.1 (34-106) 79 174 70 (35-14.3)

Dose response 24 (1.8-31) 25 (1.8-35)
Cumulguve pock-years

1-10 32 84 53 (27-104) 36 95 57 (26-123)

11-20 26 65 54 (2.7-109) 20 41 86 (36-207)

20 48 92 70 (3.7-112) 28 52 86 (37-202)

Dose- response 1.8 (1.5-2.1) 20 (1.5-25)
Alcohol dnnkung

Never” 72 349 1.0 55 266 10

Ex 9 40 1.1 (05-23) 7 27 1.4 (06-34)

Current e 1 1B (i1 28) 32 83 1B (1.1-3.1)

Dose-response 1311:3-4.7) 1.4 (1.0-1.8)
Dnnkung frequency

Monthiy 9 40 1.1 (05-24) 7 27 1.4 (0.6-34)

Weekly 24 60 1.9 (1.1-33) 17 42 19(1.037)

Daily 20 51 1.7 (09-30) 15 41 1.7 (09 35)

Dose- response 12 {10-15) 1.2 (1.0-1.5)

*Odds ratios were adyusted for education and occupation
BNever smoxers and never dnnkers were reference calegones, respecively.

more than 11-fold nsk of these precancerous conditions. The risks
increased with the duration and frequency of the habit, as
previously shown in Pakistan, India, Taiwan and Mainland China
(Mehta et al, 1981; Maher et al, 1994; Tang et al, 1997; Shiu et al,
2000).

Brsn jourma of Cancer (2003) 88(3). 366- 372

The chewing of betel quid is practised in several different ways
in various countries, while the major components are compara-
tively consistent. In India and Southeast Asia, tobacco was usually
used as an ingredient for areca nut products (called ‘pan’), but not
in Taiwan. A higher relative risk of oral cancer for betel quid

& 2003 Cancer Res
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Table 3 Odds ratios of OL angd OSF associated with betel quid chewang, Taiwan
Oral leukoplakia Oral submucous fibrosis
_— - T M R £ 5 s
Betel quid chewinglcategory Cases/controls OR* (95% CI) Cases/controls OR* (95% CI) OR® ratio
Never® 28/390 1.0 11/302 10
Ex 6122 71@23-215) /12 121 (28-519)
Current 91/88 223 (113-4318) 78162 40.7 (160-103.7)
Dose-response 46 (33-64) 62 (39-9.7) 13
Age first chewed (years) - -
=26 51/56 206 (99 427) 37/34 323 (12.1-86.6)
<26 46/54 195 (9341 0) 46/40 394 (1481053
Dese-response 43 (3.1-60) 58 (38-88) 13
Duration of chewing (years) i {
1-10 33/48 159 (7.1-356) 309 (11.3-847)
11-20 27/33 207 (89 -48.2) 36/36 419 (14.1- 1249)
>21 3729 240 (108-534) 2825 393 (117-1317)
Dose-response 30 (23-19) 19/13 42 (30-6.1) 1.4
Quantity of chewing (pieces/day)
1-10 53773 166 (82-338) 41142 314 (119-825)
11-20 24125 210 (89-497) 24/2| 374 (126-1104)
=21 20012 385 (14.1-105.1) 18/11 535 (16.4-1748)
Dose-response 38 (28-5. 1) 4.1 (29-5.8) 1.1
Cumulative pack-years
1-10 3364 120 (56-257) 35/4 265 (100-703)
11-20 17/15 237 (9.1-61.7) 2116 470 (158-139.8)
=7 47131 314 (142-692) 217 514 (165-159.7)
Dose-response 31 (24.39) 4.1 (29-58) 1.3
Types of rmaterial
With betel inflorescence 60/56 245 (118 50.7) 47/38 387 (14.7- 101.9) 16
With betel leaf 11724 115 (42-320) 8/15 187 (53-66.1) 16
Mixed 26/30 174 (76-39.8) 2802 | 374 (13.1-107.2) 21
*Odds ratios were adjusted for education and occupation
"The heterogeneity in ORs between OSF and OL was expressed as OR rano
“Never chewers were a reference category.
Table 4 Synergistic effects of OL and OSF between betel quid chewng, tigarette smoking and alcohol dnnking, Taiwan
Oral leukoplakia Oral submucous fibrosis
e . = S0 N M |
Factgrgca:ggory Cases/controls OR (95% C1) SI* (95% C1) Cases/controls OR (95% (=] SI* (95% Cl)  OR® ratio
- s e T D S e
Betel chewing/cigarette smoking“®
No/no 12/235 ) 4/178 10
Nolyes 16/155 24 (10-55) 71124 23 (06-9.1) I0
Yesno 7123 100 (3.1 327) &/10 393 (7.5-2069) 39
Yeslyes 90/87 02 (163-992) 38 (14-105) 77164 579 (160-2096) 1.4 (0.4-4.7) 1.4
Betel chewinglolcohol drinking®®
No/no 221292 10 9/223 10
Nolyes 6/98 10 (04 2¢) 279 0.7 (0.1-34) a7
Yesino 50057 156 (7.1-34.3) 46/43 265 (95-74.1) 17
YesiYes 47/53 168 (72-395) 11 (06-2.1) 37431 31.7 (10.1-99.3) 12 (06-25) 19
“Synergism index estimated by an additive interaction model

" The heterogenerty in ORs between OSF and OL was expressed as OR ratio

*Odds ratios were adjusted for education, occupation and aleohol drinking

"Odds ratios were adjusted for education, Occupation and cigarette smoking,

chewing with tobacco was notably higher than that for bete] quid
chewing without tobacco, and the evidence for OL was also in the
same direction (Gupta er al, 1982). Our study showed that non-
smokers and nondrinkers who chewed betel quid had, respectively,
a 10.0-15.6- and 26.5-39.3-fold significant risk of OL and OSF

© 2003 Cancer Research UK

ng and alcohol dnnlang.

(Table 4), and both risks were lower than that reported for tobacco-
(OR =174 and 44, for OL and OSF,

and without tobacco implies that
OSF.
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Table 5 Adjusted odds ratios and population attributable nsk proportions (PARS) of OL and OSF associated with independent factors, Tawan

Oral leukoplakia

Oral submucous fibrosis

Factorl/category OR* (95% CI) PAR% OR* (95% CI) PAR%
Cumnulative betel quid chewing in pock-years
Mo 1.0 732 10 B854
110 102 (4.6-23.1) 224 (B0 623)
11-20 245 (88-68.1) 404 (129 1268)
=121 288 (115-695) 44.0‘“]‘8 1518)
Cumulatve ogorette smoking in pack-years
No 10 564 10
1-10 33(15-72) 18 (0.7-51) _
11-20 30 (13-72) 20 (06 64)
=121 i | 28 (1.3-60) 16 {05-50) |
Alcohol dnnking
Mo 1.0 = 1o -
Monthiy 1.0 (0.4-27) 0B (0.3-25)
Weekly 1.1 (05-22) 13(05-31)
Daly 08 (04-17) 09 (03-25)
Yeors of education
<7 10 10
7-9 1.6 (08-32) 07 (03-18) -
>9 10 (05-2.1) 06 (02-17)
Offl.-pulm
Biue collar 1.0 10
Farmer 0.6 (03-1.2) 05 (02-1.4)
White collar 1.1 (06-22) 10 (04-21)
Summary population attnbutable nsk proporuon (%) 844 854

* Oxdets ratios were denved from the multivariate logistic regression model adjusted for the table’s covanates

Significantly elevated risks of OL and OSF were registered at the
lowest levels of betel chewing quantity (1-10 piecesday ') and
duration (1-10 years). The data indicated that even a relatively
short exposure is sufficient to induce leukoplakia or mucous
fibrosis, as previously suggested (Seedat and Van Wyk, 1988;
Maher et al, 1994). Arecoline, the most abundant alkaloid in areca
nut, has been observed experimentally to stimulate collagen
synthesis by fibroblasts in vitro (Canniff and Harvey, 1981).
Studies of human buccal fibroblasts found that arecoline was not
only cytotoxic but stimulated double-stranded polynucleic acid
synthesis; both might act synergistically on the pathogenesis of
OSF as well as oral cancer (Chang et al, 1998).

OL and OSF are clinically distinct precancerous lesions that
precede the development of oral cancer. Our study showed that the
risk of OSF at each exposure level of betel quid chewing was
stronger than those of OL, although the difference was not large
enough to reject the null. Similar results were found in large-scale
case-control studies conducted in India (Hashibe er al, 2000,
2002). We also found that mainly younger patients had OSF
compared with mainly older patients with OL. The fact that OSF
patients started betel quid chewing at a younger age than OL
patients and chewed more quids per day may partly explain the age
differences between the two diseases.

Our multivariate analyses indicated that cigarette smoking was
an independent risk factor for OL, but not for OSF. While the
associations between tobacco smoking and the two types of oral
premalignant diseases have not been definitely established,
comparable findings were observed in India and Europe (Banoczy
et al, 2001; Hashibe et al, 2000, 2002). We found a significant
precancer risk of cigarette smoking among OL patients who did
not chew betel. In contrast, the effects of betel quid chewing alone

Gt oumal of Cancer (2003) 88(3), 366 372

on OSF among nonsmokers and nondrinkers were much higher
than those on OL (OR ratios > 1.7), reflecting the substantial role
of smoking in OL, although the effect of betel quid chewing is
much stronger on OSF, as discussed earlier. In addition, it has
been noticed that the risk of OL and OSF is greatly increased in the
presence of both betel quid chewing and smoking (Table 4).
Cigarette smoking was found to modify the effect of betel quid
chewing in OL based on an additive interaction model. However,
the joint risk of OSF for the two factors was still higher than the
combined risk of OL, assessed by multiple logistic regression
models.

Although ethanol has been recognized as a solvent that may
damage the oral cells and increase the mucosal penetration of
certain oral carcinogens (Hashibe et al, 2000), the role of alcohol
drinking in the development of OL is still unclear. In a cross-
sectional study, an independent effect of alcohol use on OL was not
identified (Gupta, 1984) nor in Uzbekistan (Evstifeeva and Zaridze,
1992). In contrast, studies in Kenya (Macigo et al, 1996) and India
(Hashibe et al, 2000) suggested that drinking was a moderate risk
factor, and a clear dose-response relation between alcohol
consumption and OL was evidenced. In our study, alcohol intake
was not associated with OL. Among OL patients with precancerous
lesion, 88.7 and 98.1% of alcohol users were also betel quid and
tobacco consumers, respectively. The nonsignificant risks in the
multiple regression models indicated that the effect of drinking
was explained by betel quid chewing and cigarette smoking.
Alcohol use was not an important nisk facter for OL in our
southern Taiwan population. On the other hand, our study
indicated that alcohol consumption was not related to OSF. This
result was consistent with the findings from previous studies
(Maher er al, 1994; Yang et al, 2001).

002 Cancer Research UK
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that 732 and 56.49% of the aetiologic fraction of OL were, ~
respectively, attributable to bete] quid chewing and cCigarette
smoking. In contrast, the habit of chewing betel quid accounted for
85.4% of attributable risk of OSF. Additionally, it is reasonable 1o -

expect that the avoidance of chewing and smoking may possibly
prevent 86.5% of the two oral premalignant diseases, and thereby
be of consjderable health benefit to Taiwan.

One concern in this study is that the oral cavity status of
controls was not examined. Since the incidence of the two oral
diseases was relatively low, the bias resulting from the inclusion of
Possible cases in the contro] group should be limited, ang should,
if anything, tend to underestimate the risks.

In summary, the chewing of betel quid significantly contributed
to the risks of having OL and OSF, ang an overwhelming majority
were attributable to the practise of areca nut chewing. Cigarette
smoking also had a substantial role in the Occurrence of OL and
potentiated the effect of bete] quid chewing,
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PAAN WITHOUT TOBACCO AND ORAL CANCER RISK

Since few people reported that they drank, we observed an
association with alcohol in the univariate analysis (Table 111), but
not in the multivariate model, when alcohol was evaluated with
other factors. Alcohol use may be under-reported because it is a
restricted substance in Pakistan.

As in any case-control study, there was a chance of recall bias:
the cases may have recalled exposure better than the controls. To
allow for this, we used pre-tested, structured questions and trained
the interviewers. It is possible that the interviewers, who were
aware of the hypothesis, probed the cases more than the controls,
creating a bias away from the null.

This study identifies” an independent effect of paan without
tobacco in the causation of oral cancer. |ts findings are of signif-
icance for South Asian communities, where paan 15 used and sold

! i
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freely, and for health-care providers who treat persons from South
Asia.
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i
Summary The effects of betel nut chewing, smoking and alcohol on the occurrence of levkoplakia and its malignant transformation to oral
carcinoma were quantified in a leukoplakia cohort (n = 435) from one medical centre between 1988 and 1998 in Taiwan. Sixty oral carcinomas
were ascertained in this cohort. A case—control study within the leukoplakia cohort was used to study, risk factors. Using the Weibull survival
model, the incidence of malignant transformation of leukoplakia was shown to increase with follow-up years. After adjustment for other

Keywords: leukoplakia; oral cancer: betel nut chewing; smoking

In Taiwan, the mortality from oral cancer has increased from 3.6
per 1000 in 1971 to 6.4 per 100 000 in 1994. Prevention of oral
cancer seems imperative. It is not feasible to detect oral cancers
early (Silverman, 1988; Shanta and Knshnamurthi, 1980) and
mass screening for oral cancer has not been recommended
(Wamnakulasuriya and Johnson, 1996). Primary prevention via
programmes to eliminate risk factors may become important
(Wamakulasuriya and Johnson, 1996). Previous studies have
demonstrated that smoking was highly associated with leukoplakia
(Bouguot, 1987; Roed-Petersen, 1982; Brugere et al, 1986;
Evstifeeva and Zaridze, 1992) but whether betel nut - containing
arecoline, ime and piper (one kind of pepper) — was significantly
related to leukoplakia has not been fully addressed. Since the
consumption of betel nut in Taiwan has been mncreasing, elucida-
tion of any association is becoming increasingly important. The
association between alcohol consumption and leukoplakia is also
inconclusive (Blot et al, 1988; Brugere et al, 1986; Evstifeeva and
Zaridze, 1992).

Previous studies have shown a wide range of rates of malignant
transformation of leukoplakia (0.13-36.4%) (Pindborg et al, 1968;
Roed-Petersen, 1971; Banoczy, 1977: Gupta et al, 1980:
Silverman et al, 1984; Bouquot et al, 1988). This suggests that the
impact of putative risk factors may vary between different popula-
tions. The aims of this study were (1) to evaluate the effects of
betel nut chewing, smoking and alcohol use on the risk of leuko-
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plakia, taking the daily frequency and the duration of three factors
into account; and (2) 1o assess the impact of relevant risk factors
on malignant transformation to oral carcinoma, using samples
from certain Chinese people in Taiwan.

MATERIALS AND METHODS

Study design and subject selection

According to the WHO definition, a clinical diagnosis of leuko-
plakia 1s a keratotic white plaque that cannot be scraped off and
cannot be given another specific diagnosis. Oral cancer 1s classi-
fied by the ICD into categones of lip, tongue, gum, mouth floor,
buccal, palate, oropharynx, hypopharynx (International Code of
Disease, 1CD 140 149, excluding 142-147).

A total of 580 cases of leukoplakia diagnosed between June 1988
and February 1998 at one medical centre in Taiwan were ascer-
tained. Of these, 145 patients who were subsequently diagnosed as
having lichen planus, oral ulcer, infection, oral candidiasis or skin
leukoplakia were excluded leaving 435 subjects in the leukoplakia
cohort on which two parts of this study were based (Figure 1). Pan
A was to follow up the leukoplakia cohort to estimate the incidence
of malignant transformation and relevant nisk factors. Of the 435
patients, 60 oral carcinomas were identified, among which only 4%
had a different location from the leukoplakia. In order to study
factors accounting for malignant transformation, information was
abstracted from the medical chart on date of diagnosis, location of
leukoplakia and risk factors ar time of leukoplakia diagnosis, such
as betel nut chewing, smoking and alcohol use. These variables
were routinely recorded in the medical chan.

Part B was 10 elucidate the association between risk factors and
leukoplakia using a matched case—control study. A total of |00
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Figure 1 The study design on factors affecting the nsk leukoplakia and
malignant transformation

leukoplakia cases were randomly selected from the above leuko-
plakia cohort. Each case was matched to one control for age
(+ 3 years), sex and date of diagnosis (+ 3 months) denived from a
total of 25 882 patients with a diagnosis of periodontal diseases in
the same penod and hospital as the study group. All cases and
controls were free of oral cancer. Since information on nisk factors
such as betel nut chewing, smoking and drinking for the control
group could not be completely obtained from medical charts we
collected information via telephone interview. We also inter-
viewed 68 out of 100 leukoplakia case—control pairs to check
whether information from the medical chart was consistent with
that from telephone interview. Reasons for non-participation
included: not at home afier three calls, wrong telephone number
and refusal. Each participant was asked to provide information on
the three nisk factors, categonzed as: current, former and never.
Duration and daily frequency for each nsk factor were also
collected. A product of duration and daily frequency was defined
as the intensity for the current and the former groups. The high or
low intensity was categonzed according to the median value for
each risk factor. It should be noted that since there was a vanety of
types and brands for the dnnkers, 1t was very difficult to define the
dose per day. For alcohol use, only information on daily frequency
was asked in telephone interview.

Statistical methods

For Part A analysis, an accelerated failure ume (AFT) model
(Marubini and Valsecchi, 1995) was used to esimate the nsk of
malignant transformation and the association with the location of
leukoplakia, betel nut chewing, smoking and drinking. Two para-
metnc models including exponential and Weibull models were
employed. All leukoplakia cases were followed until February
1998.

In the analysis of Part B, a condinonal logistic regression was
performed to investigate the relationship between betel nut
chewing, smoking, alcohol dninking, and the occurrence of leuko-
plakia. The odds ratio (OR), together with exposure information
derived from a previous populanon-based survey (Lee and Chen
1999), pave the population attnbutable proportion (PAR) for each
risk factor (Breslow and Day 1980)
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Figure 3 Cumulative risk of malignant transformation by betel nut chewing

RESULTS

Malignant transformation from leukoplakia to oral
carcinoma

Figure 2 shows that the incidence of malignant transformation in
patients with leukoplakia increases with duration of follow-up.

The univaniate analysis based on the Weibull model examined
whether risk of malignant transformation depends on betel nut
chewing, smoking, alcohol use and location of leukoplakia. The
cumulative risk stratified by these vaniables was calculated.
Figure 3 reveals that those who chewed betel nut were nearly
four imes more likely to develop malignant transformation than
those who did not (OR = 3.79, 95% confidence interval (CI)
1.20-12.24). Other significant factors influencing malignant trans-
formation include location around the tongue (OR = 3.65, 95% (1
1.09-12.25) and smoking (OR = 2.34, 95% C1 0.62-8.93).

Results from the multivanate analysis (Table 1), which INCOTPO-
rates significant factors in the above univanate analysis plus age
and sex, show that betel nut chewing stll remains a significant risk
for malignant transformation. The hazard ratio for chewing betel
nut was 4.59 (95% CI 1.25-16.85) after adjustment for age and
sex. However, the effect of smoking and location on malignant
transformation is not significant after adjustment for other
factors.

Risk factors for leukoplakia

Table 2 shows that the group of current betel nut chewers had a
26-fold higher (95% CI 3.27-204.00) risk for leukoplakia than that
of the “never’ group. The OR for the occurrence of leukoplakia in
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Table 1 Multivariate analysis of the impact of risk factors on the risk of
malignant transformation in patients with leukoplakia, adjusted for age and
sex using the Weibull regression model

Risk factors Odds ratio 95% C1
Location
Tongue 154 024-973
Buccal 0.30 0.05-1.72
Alrecla+lip 057 0.06-5.83
Others 1
Betel nut chewing
- Yes . 4.59 1.25-16.86
No 1
Cigarette smoking
Yes 238 0.62-9.05
No 1
| N

the current smokers was 5.42 (95% CI 2.17-13.80). The frequent
1.11-68.7) risk for

alcohol users had an ninefold (95% C1
leukoplakia compared 1o *never’ group.

With respect to intensity, significant dose-response relation-
ships were observed for three factors. For betel nut chewing, the
risk for leukoplakia in the high intensity group (defined by a

(95% CI1
2.44-408.00) higher than that in the *never’ group. The corre-

product of frequency and duration) was 32-fold

sponding figure in the low intensity group was 16 (95% CI

1.37-137.00). As regards smoking, the high intensity group was

five times-more likely to develop leukoplakia than never smokers
(95% CI 1.73-17.20), whereas the OR for the low Intensity group
compared with the never group was 3.68 (95% CI1 1.20-11.20).

Risk factors for leukoplakia and oral cancer 1873 n

Table 3 presents the results of multivariate analysis after adjust-
ment for the effect of the three variables on each other. The
adjusted OR for chewing betel nut and smoking in the current
group were 1743 (95% CI 1.94-156.27) and 3.22 (95% CI
1.06-9.78) respectively. The adjusted OR for the use of betel nut
and tobacco in the high intensity group were 22.49 (95% C1
1.44-351.42) and 3.09 (95% CI1 0.93-10.34) respectively. The
effect of alcohol on the occurrence of leukoplakia disappeared,
after adjustment for betel nut chewing and smoking.

-

Consistency of exposure information

Consistency of exposure information between the medical chan
and telephone interview was checked. good agreement was
demonstrated by Kappa statigtics (all Kappa values greater than
0.6). To establish whether two different procedures for obtaining
information may have affected the results, we estimated the
adjusted odds ratios based on the two sources and no significantly
different results were found.

DISCUSSION

A leukoplakia cohon study and the derived matched case-control
were designed to elucidate the effect of betel nut chewing,
smoking and alcohol use on the three-state natural history of oral
cancer, form normal, through leukoplakia and 1o oral carcinoma.
Results from this study had two major practical findings. First,
chewing betel nut was demonstrated to nfluence not only the
occurrence of leukoplakia but also its malignant transformation.
Although smoking might play a major role in the occurrence of

Table 2 Univaniate analysis of the effect of cigarette smoking, betel nut chewing and alcohol use on the incidence of leukoplakia

Odds ratio (95% CI)
Risk factyor Status classification Intensity classification
Never Former Current Low High
Cigarette smoking 1 203 542 368 545
{0.61-6.75) (2.17-13.80) (1.20-11.20) (1.73-17 20)
Betel nut chewing 1 378 25.85 15.61 31.55
(0.61-23.30) (3.27-204.00) (1.77-137.00) (2.44-408.00)
Never Occasional Frequent
Alcohol use 1 063 B 66
(0.11-3.65) (1.11-68.70)

three factors on each other

Odds ratio (35% (=]

-_—
Risk factor Status classification Intensity classification
—_—
Never Former Current Low High
Cigarette smoking 1 1.04 322 167 3.09
(0.24—4.59) (1.06-9.78) (0.45-6.26) (0.93-10.30)
Betel nuts chewing 1 2.38 17 43 906 2249
(0.34-16.75) (1 94-156.27) (100-81.64) (144-351.00)
Never Occasional Frequent
Alcohol use 1 028 300
{0.03-2 56) (027-3350)
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leukoplakia, it may not be a main contributory cause for malignant
transformation. If the prevalence of smoking and betel nut
chewing among the general population are estimated as 26% and
10% (Lee and Chen, 1999), respectively, this information plus
ORs reveals that eliminating the habit of betel nut chewing may
reduce the occurrence of leukoplakia by 62% and reduce the rate
of malignant transformation by 26% in the underlying population.
The corresponding figures for the elimination of smoking were
36% and 26% respectively. Thus, a primary prevention program
designed to discourage people from betel nut chewing and
smoking seems crucial. - &

Second, as the likelihood ratio test between the exponential
model (constant hazard) and the Weibull model (increasing
hazard) was statistically significant (xX*,, = 430, P = 0.038)
(Figure 2) this implies that the incidence of maligpant transfor-
mation from leukoplakia increases with time. Increased nisk
associated with increasing duration after diagnosis was most
marked for leukoplakia in subjects with the habit of betel nut
chewing. This might reflect the fact that the proportion of leuko-
plakia among individuals who chew betel nut also increases year
by year.

Few studies have reported on the association between belel nut
chewing and leukoplakia or the effect of betel nut chewing on
malignant transformation. Only Silverman et al (1984) reported a
statistically significant relationship between Pan (a mixture of
tobacco and betel nut) and malignant transformation. However,
as chewing betel nut in our study did not involve a mixture
of tobacco, it is difficult to compare our results with Silverman
etal.

A significant positive association between smoking and leuko-
plakia is consistent with previous reports (Evstifeeva and Zandze,
1992; Kulasegaram et al, 1995). Our finding of a dose-response
relationship is also in agreement with the study by Kulasegaram
et al (1995).

The increased risk of malignant transformation with time in this
study is at odds with the previous report that this decreased with
time (Silverman et al, 1984). Three possibilities may be relevant.
First, the histological distribution of leukoplakia in this study may
be different. A persistence of betel nut chewing in leukoplakia
cases in Taiwan may provide a second explanation. Third,
different treatments might also affect the rate of transformation.

With respect to malignant transformation, only 4% of ow
leukoplakia cases did not have the same location as oral carci-
noma. Such cancers may originate from other sites of leuko-
plakia but their small number is unlikely to have affected the
results.

Bnitish Journal of Cancer (2000) 82(11), 1871- 1874

In conclusion, this study finds that betel nut chewing is a major
nisk factor not only for the occurrence of leukoplakia but also for
malignant transformation. We estimate that elimination of betel
nut chewing would prevent 62% of leukoplakia and 26% of
malignant transformation.
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induce the development of the disease by increased levels of cytokines in the lamina propria.

Increased and continuous deposition of extracellular matrix may take place as a result of dis-
ruption of the equilibrium between matrix metalloproteinases (MMPs) and tissue inhibitors of
matrix metalloproteinases (TIMP). Current evidence implicates collagen-related genes in the
susceptibility and pathogenesis of OSF. The individual mechanisms operating at various stages
of the disease—initial, intermediate and advanced—need further study in order to propase
appropriate therapeutic interventions.

© 2005 Elsevier Ltd. All rights reserved.

Introduction
i

Oral submucous fibrosis (OSF), first described in the early
1950s, is a potentially malignant disease predominantly
seen in people of Asian decent. It is a chronic progressive
disorder and its clinical presentation depends on the stage
of the disease at detection. The majority of patients pres-
ent with an intolerance to spicy food, rigidity of lip, tongue
and palate leading to varying degrees of limitation of open-
ing of the mouth and tongue movement. The hallmark of the
disease is submucosal fibrosis that affects most parts of
the oral cavity, pharynx and upper third of the oesophagus.
The disease is predominantly seen in India, Bangladesh, Sri
Lanka, Pakistan, Taiwan, Southern China, Polynesia and
Micronesia. Several case-series are reported among Asian
immigrants to the UK and South and East Africa. A signifi-
cant variation in the prevalence of OSF in different coun-
tries has been reported.’

Recent epidemiological data indicates that, the number
of cases of OSF has risen rapidly in India from an estimated
250,000 cases in 1980 to 2 million cases in 1993. The reasons
for the rapid increase of the disease are reported to be due
to an upsurge in the popularity of commercially prepared
areca nut preparations (pan masala) in India’ and an in-
creased uptake of this habit by young people’ due to easy
access, effective price changes and marketing strategies.

The aim of this review is to analyze critically the recent
developments that may lead to our understanding of the
aetiology and pathogenesis of OSF with special reference
to areca nut as the major aetiological factor.

When the disease was first described in 1952, it was clas-
sified as an idiopathic disorder.* However, researchers
started to implicate various environmental agents as likely
aetiological factors. The factors that have been discussed
as possible aetiological factors to date are areca nut, capsa-
icin in chillies, micronutrient deficiencies of iron, zinc and
essential vitamins. In addition, a possible autoimmune basis
to the disease with demonstration of various auto-antibod-
ies and an association with specific HLA antigens has been
proposed. This raises the possibility of a genetic predisposi-
tion of some individuals to develop OSF. However, from the
available scientific literature, it is clear that the regular use
of areca nut is the major aetiological factor.' It is interest-
ing to note that only a single paper in the literature, de-
scribes a few cases of OSF developing without any areca
nut chewing habit® that could be accounted for by denial
of the habit. Taking into account, atrophy as the underlying
factor, an alternative pathway related to undernutrition has

=&l

been proposed.® This is more likely to cause a confounding
effec} on the disease rather than its primary cause,

Aetiology

A number of epidemiological surveys, case-series reports,
large sized cross sectional surveys, case-control studies, co-
hort and intervention studies provide over whelming evi-
dence that areca nut is the main aetiological factor for
OSF."27-'5 Most convincing evidence is derived from
case-control studies that estimate the odds ratios for areca
nut use among oral submucous fibrosis cases and a definite
dose-dependent relationship between areca nut and
causation of the disease. Daily use appeared to be more
important than the duration of the habit.® A recent case—
control study showed that the risk of developing OSF was
almost double for subjects below 21 years of age compared
with that for the 21-40 year age group; the younger group
developed features of OSF in 3.5 years whilst the older
group took 6.5 years from the start of the habit.2 In a recent
study, a clear dose-dependent relationship was observed for
both frequency and duration of chewing areca nut (without
tobacco) in the development of OSF."® The severity and the
time taken for the development of the disease may also vary
according to the preparation of areca nut consumed. The
commercially freeze dried products such as pan masala,
Guthka and mawa (areca and lime) have high concentrates
of areca nut per chew and appear to cause OSF more rapidly
than by self prepared conventional betel quid which contain
smaller amounts of areca nut.'?:**

Pathogenesis

The role of the constituents of areca nut in the pathogenesis
of OSF has been studied in detail over the last two decades.
It is apparent that fibrosis and hyalinization of sub epithelial
tissues account for most of the clinical features encoun-
tered in this condition. Moreover, substantial amount of re-
search on elucidating the aetiology and pathogenesis appear
to have been focused on changes in the extracellular matrix
(ECM). It is logical to hypothesise that the increased colla-
gen synthesis or reduced collagen degradation as possible
mechanisms in the development of the disease. There are
numerous biological pathways involved in the above pro-
cesses and, it is likely that the normal regulatory mecha-
nisms are either down regulated or up regulated at
different stages of the disease.

A_ e
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Areca alkaloids causing fibroblast
proliferation and increased collagen
synthesis

It is apparent that among the chemical constituents, alka-
loids from areca nut are the most important biologically.
Four alkaloids have been conclusively identified in biochem-
ical studies, arecoline, arecaidine, guvacine, guvacoline, of
which arecoline is the main agent. In vitro studies on human
fibroblasts using areca extracts or chemically purified arec-
oline support the theory of fibroblastic proliferation and in-
creased collagen formation that is also demonstrable
histologically in human OSF tissyes.'® Hydrolysis of areco-
line produces arecaidine that has pronounced effects on
fibroblasts.'® Arecoline in high doses such as 100 pgml
was cytotoxic and cells showed detachment from the cul-
ture surface. There was a concentration-dependent stimula-
tion of collagen synthesis when fibroblasts were exposed to
both arecloine and arecaidine. However, the stimulation
was always greater with arecaidine. In addition, it was evi-
dent that the correlation between the hydrolysis rates of
different esters and the extent to which they stimulate col-
lagen synthesis, suggest that hydrolysis of arecoline in to
arecaidine is necessary before fibroblast stimulation can
occur. This suggests that arecaidine is the active meta-
bolite in fibroblast stimulation. This view was further sup-
ported by the finding that, addition of slaked lime
(Ca(0OH);) to areca nut in pan facilitates hydrolysis of arec-
oline to arecaidine making this agent available in the oral
environment.'” Examination of the effects of arecoline on
both normal and OSF fibroblasts in culture revealed an ele-
vated rate of collagen synthesis by OSF fibroblasts compared
with normal fibroblasts. Although the reason for this eleva-
tion is not clear, the authors proposed that it could reflect
the clonal selection of a cell population in the altered tis-
sues under the influence of local factors such as interleu-
kin-1 from inflammatory cells. '®

Stabilization of collagen structure by
tannins (and catachins polyphenols)

One of the mechanisms that can lead to increased fibrosis is
by reduced degradation of collagen by forming a more sta-
ble collagen structure. Treatment of reconstituted collagen
fibrils and pieces of rat dermis with crude extracts of the
nut or purified tannins from areca nut increased their resis-
tance to both human and bacterial collagenases in a concen-
tration-dependent manner.'® The same mechanism may
operate in patients with OSF causing fibrosis below the dam-
aged oral epithelium.

This evidence was also supported by another study which
showed that the ability of large quantities of tannin present
in areca nut reduced collagen degradation by inhibiting
collagenases and proposed the basis for fibrosis as the
combined effect of tannin and arecoline by reducing degra-
dation and increased production of collagen respec-
tively.?® Collagenase activity was measured with soluble
14C-glycine-labeled collagen as a substrate and showed re-
duced activity in fibroblasts from OSF compared with con-
trols. Further, they confirmed that the cleavage pattern of

the collagen is similar to that of typical mammalian colla-
gen.”" Another study using cell culture methodology showed
that there was a 1.5-fold increase in collagen production in
OSF fibroblasts with a ratio of type | to type lII collagens
similar to normal fibroblasts. In contrast, recent work from
our laboratory reveals that with the progression of the dis-
ease type Il collagen is almost completely replaced by type
1.7 It was postulated that the reason for high level of colla-
gen production in OSF because these fibroblasts are a subset
with increased potential for proliferation among heteroge-
netic fibroblasts.”® However, that may not be the oy rea-
son for increased collagen as some fibroblast strains isolated
from OSF failed to show—the same phenomena. An impor -
tant finding from the above study was the identification of
excess a1(1) chains relative to a(l) suggesting an altgration
of collagen molecules during the progression of the disease.
Although, the biological function of this trimer is not
known, it is regarded as more resistant to degradation than
the normal collagen molecule.2*

Copper in nut and fibrosis

The copper content of areca nut is high and the levels of sol-
uble copper in saliva may rise in volunteers who chew areca
quid.” The same group showed that the oral mucosa of are-
ca nut chewers had significantly raised levels of copper
when compared with the control subjects.?® The association
between copper and OSF has been linked on the basis that
€xcess copper is found in tissues of other fibrotic disor-
ders—Wilson’s disease, Indian childhood cirrhosis and pri-
mary biliary cirrhosis. The enzyme lysyl oxidase is found
to be upregulated in OSF.?’ This is a copper dependent en-
zyme®® and plays a key role in collagen synthesis and its
cross linkage. The possible role of copper as a mediator of
fibrosis is supported by the demonstration of up regulation
of this enzyme in OSF biopsies?” and in OSF fibroblasts com-
pared to normal fibroblasts grown in culture. 29 Copper
added at various concentrations in vitro has also been shown
to increase proliferation of fibroblasts in culture.?® The
fibroblasts in OSF have not only increased lysyl oxidase
activities but also specific growth characteristics. This was
evident with the reported cell doubling time of 3.2 days
for OSF and 3.6 days for normal fibroblasts_?? Further, OSF
fibroblasts grew more rapidly than normal as the former be-
came confluent in 5 days compared to 6 days for the latter.
However, another study based on ultrasound investigations
of visceral organs in OSF patients reported that there was
no evidence of fibrotic changes elsewhere. Faecal copper
was also normal suggesting that the copper levels were
within the tolerance levels.”' As the oral mucosa is directly
€xposed to the copper challenge in chewers its effect may
well be local. These different growth characteristics may
either be due to the direct effects of ingredients of areca
nut or secondary to inflammatory factors mediated by areca
nut such as IL-1, TGF-p, IGF, EGF.®

Upregulation of cyclo-oxygenase
(Cox-2)

Itis known that OSF is associated with inflammatory changes
in at least some stages of the disease. Prostaglandin is one of
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the main inflammatory mediators and its production is con-
trolled by various enzymes such as cyclooxygenase (COX).
Biopsies from buccal mucosa of OSF cases and from controls
were stained for COX-2 by immunohistochemistry and re-
vealed that there was increased expression of the enzyme
in moderate fibrosis and this disappeared in advanced fibro-
sis. This finding is compatible with the histology of the dis-
ease as there is lack of inflammation in the advanced
disease. The above finding was confirmed by treating buccal
mucosal fibroblasts with 80 ug/ml arecoline in culture and
revealed that COX-2 expression was up-regulated as early
as half an hour, indicating this to be an early cellular re-
sponse to arecoline at transcriptional level. COX-2 expres-
sion started to decrease when the arecoline concentration
was increased upto 160 pg/ml, and this may be due to cyto-
toxicity.** Similar data have been reported in another study
quoting 1.4-3.4-fold increase of PGE, production and 1.1—
1.7-fold increase of PGE,, when gingival keratinocytes were
exposed to areca nut extracts.>*

Fibrogenic cytokines

Changes in cytokine secretion in OSF have been investi-
gated.**** Endothelin and TGF B-1 estimated by radioimmu-
noassay and ELISA respectively were increased in OSF
fibroblasts compared to fibroblasts of normal individuals.
Therefore, it has been postulated that external stimuli such
as areca nut may induce the development of the disease by
increased levels of cytokines in the lamina propria. Anather
study compared spontaneous and stimulated production of
cytokines by peripheral blood mononuclear cells from OSF
patients with those of genetically related control subjects.
They were able to demonstrate increased levels of pro-
inflammatory cytokines and reduced anti-fibrotic IFN-y in
patients with the disease. These may be important events
in the pathogenesis of OSF.* Subsequently, the same group
using immunohistochemistry showed little or no expression
of IFN-y expression in biopsies from OSF tissues compared
with normal controls. This finding is interesting as the same
phenomenon is evident in systemic sclerosis. Up-regulation
of pro-inflammatory cytokines such as interleukin 1 and 6
were clearly evident. The most important finding in the
above study was the demonstration of increased expression
of fibrogenic cytokines namely TGF-B, platelet derived
growth factor (PDGF) and basic fibroblast growth factor
(bFGF) in OSF tissues compared to normal.* These observa-
tions may suggest that the disease process in OSF may be an
altered version of wound healing as our recent findings show
that the expression of various ECM molecules are similar to
those seen in maturation of granulation tissue.??

Genetic polymorphisms predisposing to OSF

Polymorphisms of the genes coding for TNF-a has been re-
ported as a significant risk factor for OSF. A study of 809 pa-
tients with OSF has revealed that the high production allele
TNF2, to be significantly lower compared to an areca chew-
ing control group.’” TNF-a is known to stimulate fibroblastic
proliferation in vitro*® providing evidence for an active role
for TNF-u in the pathogenesis of OSF. In another study a pos-

sible relationship existed between the major histocompati-
bility complex class | chain related gene A (MICA) and OSF,
They showed that phenotype frequency of allele A6 of MICA
in test subjects was significantly higher than the controls.*®
Some genotypes of cytotoxic T-lymphocyte associated
antigen 4 (CTLA-4), a negative regulator of T-lymphocyte
activation seems to have a susceptibility for various autoim-
mune diseases. Interestingly, the G allele at position +49 of
exon 1 was found to be significantly associated with OSF
compared with controls.*® Whether the above findings drive
the pathogenesis of OSF towards an autoimmune basis needs
to be further investigated.

Inhibition of collagen phagocytosis

i
Degra‘danon of collagen by fibroblast phagocytosis is an
important pathway of physiological remodelling of the
extracellular matrix (ECM) in connective tissue. As OSF
shows a gross imbalance in ECM remodeling, this putative
mechanism was investigated in vitro. Fibroblasts from OSF
patients and controls were incubated with collagen beads
and found that the proportion of phagocytic cells to be
35% and 75% respectively. After incubation with fibronectin
coated beads, normal fibroblasts exhibited 70% internaliza-
tion whilst OSF fibroblast revealed 22% internalization. They
also showed that the reduction of phagocytic cells was
strongly related to the arecoline levels in fibroblast cul-
ture.*" Interestingly, there was a dose-dependent enhance-
ment of phagocytic cells when the cultures were treated
with corticosteroids. In another study, reduced collagen
phagocytosis by fibroblasts was inversely dose-dependent
to the levels of arecoline, safrole and nicotine.*?

Stabilization of extracellular matrix

Increased and continuous deposition of extracellular matrix
may take place as a result of disruption of the equilibrium
between matrix metalloproteinases (MMPs) and tissue inhib-
1tors of matrix metalloproteinases (TIMP). When normal
(control) fibroblasts and fibroblasts from OSF patients were
subjected to arecoline and arecadine in culture, OSF fibro-
blasts produced more TIMP-1 protein than normal fibro-
blasts; mRNA expression of TIMP-1 in OSF firoblasts was
also higher.*’ With the above data the authors suggested
that TIMP-1 expression is increased at transcriptional level.
Another recent study reports that the main gelatinolytic
proteins secreted by buccal fibroblasts (MMP-2 and MMP-9)
are found in minimal amounts in diseased tissues. The study
further showed that arecoline reduced the MMP-2 secretion
and increased the TIMP-1 levels resulting in increased depo-
sition of collagen in the extracellular matrix.**

Although the main pathological change present in OSF
appears to be markedly increased production of extra cellu-
lar matrix (ECM), there is little information on the actual
remodeling of connective tissue with the progression of
the disease. In a study in our laboratory in an attempt to
investigate the remodeling of ECM in OSF, the patterns of
expression of several molecules were investigated in various
phases of the disease. It was apparent that the expression
of tenascin disappeared when the lesion advanced from
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early to intermediate phase. Heparan sulphate proteogly-
cans (perlecan), fibronectin, type 1l collagen and elastin
appeared in the early and intermediate phases but there
was complete replacement by collagen type | when the le-
sion progressed to an advanced phase. The pattern of
expression of most of these molecules followed a similar
pattern to the organization of granulation tissuye >

Collagen-related genes

Collegen-related genes play an important role in the homeo-
stasis of collagen in the body. As OSF is a disease with dis-
regulation of collagen metabolism, it is important to
identify the enzymes and various other molecules that
may contribute to genetic modulation during the progres-
sion of the disease. Different (types of) enzymes such as col-
lagenases and lysyl oxidase together with cytokines, namely
TGF-B have been implicated in this context. There is evi-
dence to suggest that collagen-related genes are altered
due to ingredients in the quid.* The genes Col 1A2, COL3A1,
ColL6A1, COL6A3 and COL7A1 have been identified as defi-
nite TGF-B targets and induced in fibroblasts at early stages
of the disease. The transcriptional activation of procollagen
genes by TGF-p suggests that it may contribute to increased
collagen levels in OSF.* Chiy et al_*7 analyzed two groups of
betel chewers, one with OSF and the other without in order
to compare the association of OSF and polymorphisms of six
collagen related genes. They found that genotypes associ-
ated with highest OSF risk for collagen 1A1, collagen 1A2,
collagenase-1, TGF-p1, lysyl oxidase and cystanin C were
CC, AA, TT, CC, AA, and AA, respectively in the low-expo-
sure group whilst TT, BB, AA, CC, GG, and AA, respectively
for the high-exposure group. Current evidence implicates
collagen-related genes in the susceptibility and pathogene-
sis of OSF.

OSF as an autoimmune disorder

Autoimmunity as an aetiological factor for OSF has been
examined. The reasons for investigating an autoimmune ba-
sis, included, slight female predilection and occurrence in
the middle age reported in some studies, ***? the presence
of circulating immune complexes, their immunoglobulin
contents and the detection of various autoantibodies in pa-
tients’ sera. *>*> The presence of various autoantibodies at
varying titres was reported in several studies suggesting the
possibility of an autoimmune basis to the disease. The first
report on this concept came in 1986 showing 65% of the sam-
ple being positive for at least one of the autoantibodies
tested.”” The antibodies which showed increased frequen-
cies were, 38% anti gastric-parietal cell (GPCA), 23% anti
thyroid microsomal, 8% anti-nuclear (ANA), 4% anti-reticulin
and 4% anti smooth muscle (SMA) antibodies. However there
was no control group included in the above study. In another
study, it was revealed that ANA (23.9%), SMA (23.9%) and
GPCA (14.7%) were positive in OSF patients compared with
healthy control subjects.5’ Increased levels of immune
complexes and raised serum levels of 18G, IgA and lgm
when compared with control groups have also been
reported.®’~>*

Few studies reported on HLA typing in OSF patients. The
frequencies of HLA A10, DR3 and DR7 proved to be signifi-
cantly different compared with an ethnically, regionally
and age-matched control group.*® Further, haplotypic pairs
A10/DR3, A10/B8 and B8/DR3 showed an increased fre-
quency in OSF patients compared to controls, although the
differences were not statistically significant_5¢ Another
study using polymerase chain reaction (PCR) has shown a
significant increase in frequencies of HLA A24, DRB 1-11
and DRB3-0202/3.%” A recent study has revealed higher hap-
lotype frequencies in pairs HLA B51/Cw7 and B62/Cw7 in
OSF patients.*® Two new HLA DRB1 alleles were identified
by sequencing-based typing and named as HLA DRB1-0903
and DRB1-1145.%? The association of HLA and OSF does not
appear consistently as one study showed that there was
no demonstrable specific pattern of HLA antigen frequen-
cles in chewers with or without the disease.®® Although
the data on various HLA types, raised autoantibodies and
the detection of immune complexes tend to indicate an
autoimmune basis for the disease, substantial number of
Cases and matched controls may be required to verify these
findings.

Precancerous nature and malignant
transformation

The precancerous nature of OSF was first described by Pay-

disease.®' This was confirmed by various groups and Pind.
borg in 1972 put forward five criteria to prove that the dis-
€ase is precancerous, 2 They included, high occurrence of
OSF in oral cancer Patients, higher incidence of SCC in pa-
tients with OSF, histological diagnosis of cancer without
any clinical suspicion in OSF, high frequency of epithelial
dysplasia and higher prevalence of leukoplakia among OSF
cases.® Most of the earlier studies have focused on the
prevalence of epithelial dysplasia in OSF. It has so far been
the most reliable indicator for predicting potential malig-
nant transformation of an oral precancerous lesion though
new markers are emerging.* Epithelial dysplasia in OSF tis-
sues appeared to vary from 7 to 26% depending on the study
population.®>~*7 However, according to the current aware.-
ness of the disease and some refined criteria for grading dys-
plasia, it is reasonable to assume that the prevalence of
dysplasia is more towards the midway of the reported
range. Malignant transformation rate of OSF was found to
be in the range of 7—13%. According to long term follow-
up studies a transformation rate of 7.6% over a period of
17 years was reported. Recently, the carcinogenecity of
areca nut without tobacco was identified,*®-%* and the sec-
ond IARC monograph on betel quid has classified areca nut
as a "group one carcinogen’ based on epidemiologic and lab-
oratory studies.! The strong association of areca nut with
OSF, its dose-dependant effects'®7 and the confirmation
of OSF as a potentially malignant disease”" leading to oral
cancer provided further evidence for this assertion. We
hypothesise that dense fibrosis and less vascularity of the
corium, in the presence of an altered cytokine activity
creates a unique environment for carcinogens from both
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tobacco and areca nut to act on the epithelium. It could be
assumed that carcinogens from areca nut accumulate over a
long period of time either on or immediately below the epi-
thelium allowing the carcinogens to act for a longer duration
before it diffuses into deeper tissues. Less vascularity may
deny the quick absorption of carcinogens into the systemic
circulation.

Conclusions

In summary, the available literature indicates that the main
aetiological factors for OSF are the constituents of areca
nut, mainly arecoline, whilst tannin may have a synergistic
role. These chemicals appear to interfere with the mole-
cular processes of deposition and/or degradation of extra-
cellular matrix molecules such as collagen, causing
imbalance in the normal process. The most likely events
that take place with regards to the above imbalance may
be reduced phagocytosis of collagen by fibroblasts, up or
down regulation of key enzymes such as lysyl oxidase, ma-
trix metalloproteinases and tissue inhibitors of matrix
metalloproteinases. The process may also be influenced by
increased secretion of inflammatory cytokines, growth fac-
tors and decreased production of anti-fibrotic cytokines.
Although the above mechanisms may explain the induction,
maintenance and progression of fibrosis in OSF, further re-
search is required in order to identify the mechanism lead-
ing to carcinogenesis in this fibrotic oral mucosa. Nutritional
deficiencies may not play a primary role but it could syn-
ergise the symptomotology by contributing to epithelial
atrophy. Although the involvement of HLA and genetic pre-
disposition has been reported, specific haplotypes have not
been determined.

The individual mechanisms operating at various stages of
the disease—initial, intermediate and advanced—need fur-
ther study in order to propose appropriate therapeutic
interventions.
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Leukoplakia is an asymptomatic, potentially malignant change in
the oral mucosa. Previous studies have reported that smoking and
betel quid chewing are associated with increased risk of leukopla-
kia; few studies have reported on these associations in populations
where betel quid does not contain tobacco. We conducted a case—
control study nested in a cross-sectional study in Papua New
Guinea and a systematic review of studies that included chewers
of betel quid without tobacco. Our study recruited 1,670 adults.
We recorded betel quid chewing and smoking. The prevalence of
leukoplakia was 11.7%. In the nested case—control

79 (95% Cl1 43,
14.6) in betel quid chewers. The results of this study and system-
atic review of similar studies provide evidence of the role of betel
quid not containing tobacco and leukoplakia,

© 2008 Wiley-Liss, Inc.

Key words: betel quid:

smoking: oral leukoplakia; oral cancer;
Papua New Guinea

Melanesia has the highes! incidence of oral cancer in the world’
and it is the most common cancer in Papua New Guinea (PNG).
Rates are also high in South Asia.' In these populations, oral can-
cer is related to smoking and betel quid use, We recently reported
a case—control study and a systematic review of betel quid without
tobacco and found an increased risk of oral cancer independent of
smoking.” We report here studies of bete] quid without tobacco
and nisk of oral leukoplakia.

Oral leukoplakia is an asympiomatic, potentially precancerous
lesion. In a 10-year follow-up study in India, oral leukoplakia
preceded oral cancer in nearly 70% of cancer cases.” The associ-
ation of risk factors with oral leukoplakia can offer insights into
the causal pathway. Furthermore, investigations inio the aetiol.
ogy of oral leukoplakia may be less biased than cancer studies,
as leukoplakia is asymptomatic and therefore unlikely 1o modify
behaviour although recall of behaviour might be more related o
time. Studies of oral leukoplakia show similar results for smok-
ing and betel quid (that contains 1obacco) 10 those of oral cancer
in India®; however, until recently there have been few studies of
betel quid without tobacco and oral leukoplakia. We present
here data from a previously unpublished study in PNG (where
betel quid is tobacco free) and other recently published research
Publication of the internano al Un

on Aga:rat Cancer

& uicc

s e cone

of Medical Research, Brisbane, Australia
i

Health, University of Queensland, Brisbane, Australia

identified in a systematic review and meta-analysis. We summa-
fise the current state of the literature for the first time.

Material and methods

participation was explained to the village
elders and then 10 the village as a whole. Following this general
consent to enter the village, individual verbal consent was sough.

Study population

The prevalence of leukoplakia was nvestigated in East Coast
Kara Nalik census division (Kavieng District; annual average inci-
dence (AAI) of oral cancer 91.4 per 105) and South Lavongqi cen-
sus division (Lamet District AA] of oral cancer 93 4 per 10™). For
cach study area (census division), a random sample of a]| census
units was selected from a list of aj) CENSUs units using a computer-
1sed randomisation procedure 10 provide a study population of

: ivision. All people over the age of
I8 years within each village were eligible 10 be examined. The
census clerk and village elders defined those normally resident,
up-dating the contemporary electoral roll. Eligible villagers were
enumerated according to the study census and examined and inter-
viewed as described later.

The interview

All subjects were interviewed by investigators fluent in Melane-
stan Pidgin and Tok ples (local language), trained in a standard
manner using a detailed instruction manual and monitored using
tape recordings of the interviews. Interviews were conducted in
Melanesian Pidgin and out of hearing distance of other villagers.
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The interviewer was blinded to the presence of oral lesions in the
subject at the time of interview. The timing of key events, such as
the Second World War, was used 1o estimate age of the partici-
pants. To obtain frequency data on smoking and betel quid chew-
ing, each person was first asked about their regular daily activities
from waking until going 1o sleep (divided into mormning, afternoon
and night). The nterviewee was asked to estimate how many
areca nuts had been chewed and how many “cigarettes” (flue
cured tobacco) or stiks of rabac or brus leaves (air dried tobacco)
had been smoked dunng each period. Details of preparation and
use of betel quidsand tobaccos were recorded.

Exposure data

Age was estimated within 5-year age groups, with those aged
above 60 years placed into a single category, and gender was
recorded. The refdrence groups for all analyses were currently the
unexposed- non-smokers or non-chewers. This included never users,
as well as former smokers or chewers who had stopped for | year or
more prior 10 the interview. Current smokers or chewers were either
occasional or daily users; occasional smokers or chewers smoked or
chewed at least every week but not daily. Current users of either
tobacco or betel quid were split into 3 categories according to the
frequency of use grouped into thirds, based on the joint distribution
of cases and controls. For daily smoking, the estimate was based on
cigarette equivalents. Commercial (stik) and home-grown (brus) air-
cured tobaccos were rolled in newspaper to form a cigarette ~15 cm
long. If a pipe or leaf cigar was used, half a leaf of brus was equiva-
lent to 1 standard newspaper cigarette (based on the assessment of
New lIreland brus leaf tobacco smokers). One newspaper cigarette
was equivalent to three commercial flue-cured cigarette equivalents.
Usual frequency of smoking and chewing were also estimated in
Melanesian Tok Pisin by the interviewee on a scale of low
(wanwan), medium (sampela) and high (plant).

Case definition and examination

Oral leukoplakia is defined as a white paich or plaque that can-
not be charac tensed chimically or pathologically as any other dis-
ease.” This climical definition is useful where routine biopsy is
unavailable. All oral leukoplakia were photographed and colour
slides of the lesions classified as leukoplakia were reviewed inde-
pendently by an oral pathologist who agreed with the original clin-
ical diagnosis 1n every case. Each participant was examined under
natural light (by ST) after being interviewed by another member
of the study team. Oral cancer was defined clinically on the basis
of appearance; commissural ulcers were defined as erosive lesions
occurring at the labial commissure. The remaining lesions were
oral leukoedema (a greyish or white area with indistinct borders)
and oral erythroplakia (a red velvely plaque which cannot be
defined clinically or pathologically as any other condition).

Nested case—control study

Cases and controls were a subset of the population ascertained
from the cross-sectional study. Cases were people with leukopla-
kia defined as earlier. Controls were all people who were ascer-
tained in the cross-sectional study with no evidence of oral squa-
mous cell carcinoma, leukoplakia, leukoedema, erythroplakia or
commissural ulceration.

Statistical methods

Unconditional multiple logistic regression was used 1o estimate
odds ratios (ORs), and 95% confidence intervals (Cls) for the associ-
ation between smoking and betel quid chewing, and to adjust for the
effects of the confounding effects of age, sex and area of residence.
Unadjusted ORs. and ORs adjusted for age, sex, area of residence
and either smoking or betel chewing were estimated.

Svstematic review and meta-analysis
Studies were located by searching MEDLINE (from inception
to January 2006). and the reference lists of relevant texts and

THOMAS ET AL

reviews. A hierarchical literature search in MEDLINE used the
following National Library of Medicine MeSH terms (Medical
Subject Headings): “Oral Neoplasms,” “Mouth,” *“Betel,”
“Areca” the additional keywords oral, oropharynx and leuko-
plakia, cancer, and carcinoma were also used in MEDLINE
(truncated where necessary). Eligible studies were case—control
studies of oral leukoplakia that had documented exposure 1o be-
tel quid in populations where betel quid did not contain tobacco
(no relevant cohort studies have been reported). To idenuify
potentially cligible studies, the title and absjract of each siudy
identified by the literature search was assessed. Fiill papers of
potentially relevant studies were reviewed. Data exitracted
included numbers of cases and controls who were and were not
exposed to betel quid without tobacco, evidence for a dose
response with betel quid chewing without tobacco, exposure 1o
tobacco smoke, adjustment for tobacco smokfng 1n the analysis,
year of publication, country and sample size. Some papers
reported their results in a form suboptimal for meta-analysis; 10
utilise these fully we wused procedures and assumptions
described in the technical appendix.

We used inverse-vanance weighted fixed-effect meta-analysis
and DerSimonian and Laird random-effects meta-analyses” to
dernive summary ORs in non-smokers who chewed betel quid and
for betel quid chewing after ad]uslmem for smoking. Between-
study heterogeneity was assessed using /7 statistics Stata version
8.2 was used for all analyses.

Results

Seventy-four percent of eligible participants were enrolled in
the study. The age and sex distnbution of the sample was similar
to the adult age and sex distribution of the province as a whole.
The age distribution in the sample was 62.6% for males and
72.5% for females 18—45 years (compared with 64.7 and 65.6%,
respectively, for the 1980 census of New Ireland) and 37.4% for
males and 27.5% for females 46 years and above (compared with
35.3 and 34.4%, respectively, for the 1980 census of New Ireland).
Oral leukoplakia was present in 197 out of 1,678 people examined
(11.7%). In almost all cases (94%), the commissure and/or the
buccal mucosa were affected (data is not shown in 1ables). The
male to female ratio for leukoplakia was 4 1o 1, with a prevalence
among men of 19.5% and among women of 4.7% (p < 0.001).
The prevalence of leukoplakia was higher in older age groups (p
< 0.001, Table I).

A further 199 people had oral mucosal abnormahities other than
leukoplakia and are not included in the case—control analysis;
these abnormalities included preleukoplakia. commissural ulcers,
erythroplakia and oral cancer. No oral mucosal abnormalities were
identified in the other 1,282 people studied, who consequently
formed the control group.

Around half of the people in the case—control study (49%) had
smoked tobacco (91% of cases and 43% of controls) and ncarly
everyone had chewed betel quid (99% of cases and 93% of con-
trols). Overall, 38% of people were current smokers (84% of cases
and 30% of controls) and 83% were current betel quid chewers
(96% of cases and 82% of controls).

Betel quids in this population did not contain tobacco and
were unwrapped. The constituent areca nut, slaked hime powder
and the inflorescence of the piper betle plant (the flower stalk of
the plant) were placed separately in the mouth. The nut was
chewed first, and then powdered slaked lime was added repeat-
edly. Most people used a piper betle inflorescence, which was
also chewed, 10 add the lime, whereas others added lime using a
wooden spatula. If a stick or spatula was used, the inflorescence
or leaf of the piper betle was still chewed The quid was usually
chewed for about 15 min, which was ntensely sialogenic and
turned bright red. The nisks of oral leukoplakia associated with
betel quid chewing are summansed n Table 11. Risk of oral leu-
koplakia was substantially elevated in current daily betel quid

/’@9’??
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alence
Male 156 799 19.5 169,224 <0.001
Female 4] 879 4. 34,62
A
s}c8-29 26 656 3. 26,56 <0.001
30-39 43 350 109 9.1, 16.0
4049 34 178 16.3 138,253
50-59 43 195 20,0 16.6, 28 2
60+ 51 299 7 13.1,216
Census division 2
East Coast Kara Nahik 1 952 7 9.7.13.8 0.907
3
3

Non-chewer’
Current Chewer

Non-chewer?
Low (<2 daily)
Medium (3-8 daily)
High (>9 daily)
Low (Wanwan)
ium (Sampela)
High (Planti)

Non-smoker’
Current Smoker
Non-smoker®
Low (<5 daily)
Med (6-11daily)
High (>12 daily)

Low (Wanwan)
Medium (Sampela)
High (Planti)

'Crude odds ratios and 95% confidence intervals
adjusted for age, S€X, census division and betel quid chewing or
or ex-chewers and non-smoker includes

No'
—_— ———

No' OR
95% Cl1 -
Cases, controls 4,219
Yes OR’ 6.6

age, sex and census division,

chewers, although afier adjustment for confounding effects of
smoking, gender, age and census division there was no sugges-

tion of a linear dose response.

Various types of tobacco were smoked Locally and commer-
tobacco (brus or stik) was most

Cially grown air-dried “Black ™

Lo°

243
(8.7.67.4)

95% C1 (1.5,29.3)
Cases, controls 4,19 162, 370
'Non-chewer includes never or ex-chewers and non-smoker

includes never or ex-smokers.— chfcrenl Category - 'ORs adjusted for

13,115
27,674

n. 7.13. :
South Lavongai 86 726 1.8 9.6, 14.
Total 197 1678 1.7 103, 13,
TABLE 11 - RISK FMTORSFDRCRAL LEUK(HAKI&(‘R AXD &DJUS'I'EDRRAGES’EXANDCENSIB
e ""MHE., T msn o amn

Control 95% C1 ORs® 95% C1
— — % 00
89 1.0 Referent 1O Referent
149 42 05,346 1.4 02,130
256 9.0 12,676 6.1 0.8,48.7
788 18.4 25,1331 50 0.6,39.)
238 1.0 Referem 1.0 Referent
1044 54 26,118 38 1.7, 84
238 10 Referent 1.0 Referent
346 33 13,71 43 19,100
343 52 24,111 4.0 1.8,9.1
355 76 36,160 4.1 18,93
266 36 16,72 4.7 2.0,11.1
432 53 25,112 48 2.1, 108
346 6.9 33,160 4.0 1.8,9.1
732 1.0 Referent 1.0 Referemt
161 17 18,18 1.7 08,38
105 9.8 5.1,189 6.5 2.6, 10.7
284 215 12.8,36.3 9.1 4.8,15.7
893 1.0 Referem 1.0 Referent
389 12.3 82,184 6.4 4.1,99
893 1.0 Referent 1.0 Referent
140 6.4 38,123 4.7 27,82
127 12.3 7.6, 18.6 6.6 39,111
122 19.1 12.1, 30.2 98 59 164
175 B8 53 146 5.0 30,84
150 11.6 84,255 6.7 4.0,11.)
64 22,0 128,379 10.2 57,184
*Adjusted odds ratios and 95% confidence intervals
smoking. — on-chewer includes never

never or ex-smokers.

TABLE I - ODDS RATIOS FOR LEUKOPLAK A ACCT
CHEWING AND SMOKING AMONG CURRENT CHEWERS AND SMOKERS

39

her wrapped in newspa-

Yes Per or tobacco leaf, or, jess frcqucmly. smoked in a Pipe (data not

akia associated with

census division and beqe] quid chewing,
The separate ang joint effects of smoking and bege] quid

ther,

/Gée,

39): a

chewing on the risk of oral leukoplakia are Compared in Tabje
HI. Rather strong independ

who did not chew (OR

smoke (OR =
OR of 243 (95

ent relations were S€en in smokers
= 6.6) and in bete] chewers who did noy
nd joint exposure produced 5 remarkahle

% C1 8.7, 67.4) “ompared to people whe did nei-
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TABLE 1V - CASE-CONTROL STUDIES ASSESSING RISK OF ORAL LEUKOPLAKIA AMONG CHEWERS OF BETEL
CHARACTERISTICS

THOMAS ET AL.

D WITHOUT TOBACCO

QUL
AND ODDS RATIOS (OR) IN STUDIES OF NON-SMOKERS AND THOSE ADIUSTED FOR SMOKING

Number of cases

Author Controls

Number of controls,

Betel gud

(% chewers) (% chewers) Chewing Audgrise OR 95% C1

Non-smokers

2003, Taiwan Lee Pop 19 (37) 258 (9) Yes/never Yes' 10.0 3.1,325

2004, India Jacob Pop 17 (49) 26,931 (3) Yes/no chewer Yes® 22.2 113,437

2005, Taiwan Chung Pop 24 (4) 738 (0.4) Yes/no habits Yes' 8.6 0.8.88.1

2007, PNG Thomas Pop 31 (87) 893 (76) Yes/non-chewers Yes* 39 13,115
Adjusted for smoking

2000, Taiwan Shiu Hsp 102 (70) 195 (22) Yes/never Yes® 174 19-1564

2003, Taiwan - = Lee Pop 40 (83) 160 (24) Yes/never Yes® 16.1 9.8,26.5

2004, India Jacob Pop 32(13) 152 (8) Yes/no chewer Yes’ 4.0 2.7.6.1

2006, Taiwan Chen Hsp 79 (53) 149 (11) Ever/never Yes* 228 3.6, 146.1

2007, PNG Thomas Pop 197 (96) 1,282 (81) Yes/non-chewers Yes’ 38 17,84

'Adjus:cd for education occupation and alcohol drin.king.-—zhdjusted for age, sex, education and BMI (kg/m?) in nop drinkers of aicohql,m";’d.
justed for age, sex. in pon-gmokers and non-drinkers of alcohol.—*Adjusted for age, sex and census division.- Adjusted for alcohol and

smoking, matched for age (=3 years), sex, date of diagnosis (*3 months).~

*Adjusted for education, occupation, cigarette smoking, in non-

alcohol drinkers, matched for age (=3 years) and gerﬁcl.-]Adp.lszcd for age, sex, education, BMI (kg/m’) pack years smoking and years of
alcohol.—*Adjusted for age, smoking and Human Papilloma Virus.— Adjusted for age sex, census division and smoking.

%
Weigh

Author  Year Adjusted OF (5% CI) v
Non-smokers

Lee 2003 e 10.00 (3.08, 32 48) 1832
Jaccb 2004 + 22.20 (11.29, 43.66) 55.59
Chung 2005 - 8.60 (0.84, 83 12) 470
Thomas 2008 —_— e 3.90 (1.21, 11.60) 21.40
1V Subtotal (-squared = 59.4%, p = 0.060) e 12.65 (7.64.20.04) 100.00
DL Subtotal i 1013 (4.09. 25.08)
Adpusted lor smoking

Shiu 2000 - 17.43 (1 84 156.43) 284
Jacob 2004 —E— 402 (265, 6.09) 73.75
Cihen 2006 - 22.80 (3.56. 146 .06) 31684
Tromas 2008 —_—— 3.80 (1.71. B.45) 19.93
1V Subtotal {I-squared = 38.0%, p = 0.184) O £.41(3.08.6.29) 100.00
041 Sublotal = e 517 (2.79.9.57)

T T T T T T T T

%5 5 1 2 5 10

25 50 100 200

Odds ratio

FiGure 1 - Forest plot of the nsk of oral leukoplakia among non-smokers and where data are adjusted for smoking.

Systematic review and meta-analysis

We identified 6 case—contro! studies that examined nsk of oral
leukoplakia associated with chewing b«’.‘?h:l]2 quid in populations
where betel quid did not contain tobacco.” ' * One of these did not
report on non-smokers and did not adjust for tobacco smoking in
the analysis (adjusted estimates were prelsgnlcd only for lcukoplala;
kia and submucous fibrosis combined). © However, this study -
did repont unadjusted dose response data. The 5 remaining stud-
ies ' were included in the review 1ogether with the results of our

study.

Table IV shows characteristics of the studies including the num-
bers of cases and controls and the proportion exposed to betel quid
that did not contain tobacco. Four were population-based and two
were hospital-based case—control studies of leukoplakia. All 6
reported dichotomous chewing outcomes (3 never vs._ ever, 2 yes
vs. no, and 1 non vs. current); 4. including our study. reported a
dose-response related to daily chewing frequency.

Among non-smokers, the proporiion of oral leukoplakia cases
with current exposure 10 beiel quid without obacco ranged from 4
to 87%, with control proportions from 0.4 10 76%. Four studies,
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nOR)

FiGure 2 - Dose-response plot of betel chewing frequency. (Log)
odds ratios (In (OR)) and confidence intervals are plotted against esy-
mated mean group exposure level. ORs relate 10 the unexposed group
or the lowest level of €Xposure in the Yang study, and the reference
lines correspond 10 a doubling of risk. [Color figure can be viewed in
the online issue, which is available at www: imem:ienoe.wilcy.cun,]

including the present one, reported on betel quid without tobacco
chewing in non-smokers, with varying control for other potential
confounding factors.™® Fouy studies including the present one
reported effect estimates adjusied for smoking together with other
potential confounders 0.1

summary OR 10.],
between-study hc!crogmciiy i these effects 2 = 59.4%, p =
but the qualitative impression i

and random-effects summary

OR 82, 95%Cl 35, 19.2), again showing a consistent patiern de-

spite evidence of between-study heterogeneity (1* = 81.9%, p <
0.001).
The 4 studies (including the presen one) 2 thar presented a

dose-response for daily frequency of chewing
increased risk with €xposure to betel quid after adjusting for the
effect of smoking. The fitted dose-response relationship varied
greatly depending on the choice of mode] and, therefore, the
results should be interpreted with some caution. However, in aj]
models the general shape of the relationship appeared 10 indicate
an increase in risk at low Jevels of exposure, which levelled off ar
higher exposure levels (Fig. 2) i
pendix). In addition, 1 study'®

demonstrated an

Discussion

We have antempted 10 clarify
(not containing tobacco) and

smoking with a suggestion of dose response (but with lower
Increase in risk at higher doses), We also confirmed the independ-
ent and important effect of smoking as risk factor, and the

[G<-
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extremely strong relation between being exposed 1o both tobacco
smoke and betel quid and having leukoplakia.

In PNG, betel quid chewing is common and it is challenging 10

not close 10 the null valye and even the lower d was consist-
ent with an importan increase in risk. The dose-responses
observed for smoking and betel quid chewing were
using daily frequency estimated numerically and also when the
interviewee estimated their usual consumption as “Wanwan, "

size estimates less secure, all studies were consistent in showing
excess risk, and estimates using random and fixe effect mode)s
were similar. The Summary estimates based on the dose-response
eshmates suggest a threshold effect with the initja) increased risk
platcauing with increased exposure.

Betel quids in this

by change |
With sympromatic disease.

Our study thus adds 1o
importance of smok ng

I associated

the hterature as we have confirmed the
@s a dose-related risk factor for oral leuko-

&L—-"
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plakia. Therefore, even in populations where betel quid use is
common there is a need for effective smoking prevention and ces-
sation programmes. We have also shown that betel quid chewing
15 associated in a dose-related manner with increased risk of oral
leukoplakia in populations where the betel quid does not contain
tobacco. We have previously reported that the type and use of
slaked lime may modify the risk of oral cancer associated with be-
tel quid chewing. Modifications 1o the composition of betel quid
could be an effective means of reducing the risk of oral cancer,
but further studies are required.

ET AL

As betel quid in many countries contains tobacco and the
chewing of betel quid is often associated with smoking, few
studies have been able to estimate the role of betel quid as an in-
dependent risk factor for oral leukoplakia or oral cancer reliably.
It is clearly desirable to establish the extent to which risk factors
for leukoplakia and frequency of malignant transformation are
consistent across societies. A prospective study of this cohort is
ongoing to describe the association of smoking and betel quid
with incidence of leukoplakia and oral cancer in this high nisk
population.
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Appendix

To estimate the main effect of betel chewing from the 2 X 2 1a-
ble presented by Lee’ for chewing betel quid without tobacco and
alcohol consumption adjusted for smoking tobacco, we used an
iterative method to fit cell counts to the interior of the total data ta-
ble such that (a/b;)/(ag/by) = OR, for each group j, where a and b
are the cases and non-cases in each group. This technique is used
in the method by Greenland and Longnecker for summansing nisk
associations.'® With the fitted numbers, we were then able 1o col-
lapse cells and estimate the appropriate adjusted odds ratio.

Although studies reported dose-response data by categories of
exposure level, we calculated the mean exposure level in each
group. A log-normal distribution of exposure was assumed, and fit-
ted based on the number of cases and non-cases in each group as
proposed by Chéne and Thompson.'” We then used the method of
Greenland and Longnecker'® 10 estimate an overall dose-response
relationship, adapting the method to incorporate a join-poimt
to allow for a change in slope at different exposure levels. Single
linear-linear splines'® were tested with knots at different points,
and the model with the lowest 3° goodness of fit statistic was used.
The study by Yang er al.'* did not report ORs for each group; we
therefore used those reported in the WHO monograph.” We were
unable to recreate the ORs based on the raw numbers given by
Yang et al."” and must assume that they had access to more detailed
data from this study. The results of the analyses are presented as an
un-anchored dose-response plot, with ORs and confidence intervals
plotied against the estimated mean group exposure levels

The estimates of mean exposure level were high 1in the
unbounded upper group, particularly in the study by Lee,” due 10
the assumption of a log-normal distribution. We therefore repeated
analyses with the estimate truncated to twice the lower bound of
exposure level in the top group. This made hittle difference 1o the
dose-response plot, aside from an obvious reduction in range of
exposure at the top end, and the same plateau effect was observed.
The model with the best fit had a knot at the 40th percentile of the
exposure distribution, comresponding to a change in the dose-
response relationship at a relatively low level of exposure (in our
study, this corresponded to non-chewers and all other chewers).
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Cancers of the oral cavity (ICD sites 140141, 143-145)
constitute one of the leading sites of cancer in men and
women in India. The average annual age adjusted incidence
rates in Bangalore for these combined sites of cancer is 5.0
per 100,000 in males and 9.3 per 100,000 in females (ICMR
Annual Reports). Pan (consisting of betel leaf. areca nut and
lime with or without tobacco) chewing is a fairly common
i y in the older population, and the
habit is relatively more frequently seen in women than men,
as men more often smoke than chew tobacco,

There have been five previous case—control studies on oral
cancer from this part of the world (Orr, 1933; Shanta &
Krishnamoorthy, 1959, 1963; Hirayama, 1966: Sankamara-
yanan ez al., 1989) but none of these is population based.
This investigation attempts to consider in detail the effects of
pan chewing, smoking, alcohol drinking and main dictary
habits on the risk of developing oral cancer in the population
of Bangalore.

Subjects and methods

facilities offered, 73.4% (4,707 new cases) of these were seen
at Kidwai Memonial Institute of Oncology at some point of
time or the other (ICMR, 1982-85). The diagnostic or
therapeutic status of the patient at the time of reference to
the Institute varies. Some patients are referred on a mere

one surgery and referred for
py and/or chemotherapy. However,

when first seen, the yast majonty of patients referred to the
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Institute await complete investigations and confirmation of
diagnosis before subsequent treatment.
mamimuaﬂycilosen[mlhzstudyw\:reau registered
cancers of ICD sites lip, tongue (excluding base of the ton-
ing the period 1982 -84 there

Controls were chosen
Kidwai Memorial Instity

not included in the study.

Information on patients’ habits (cases and controls) was
sought by direct interview of the subjects by trained social
Investigators of the department of population based cancer
registry. The items on which details were i

tarted chewing, the n
as well as the period of time (in minutes)
retained in the mouth before being spat out or
retains the pan in the

umber of times of
chewing per day,
that the pan is

sumed and the extent of spici

Of the 399 cases details of the above
were not available in S1 patients This left
controls for the study.

mentioned habits
348 cases and 348

i
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Statistical analysis was by conditional logistic regression
(Breslow & Day, 1980) which accounted for the matched
design of the study and gave odds ratio estimates of relative
risks (RR). Ninety-five per cent confidence intervals (cn
were calculated using the standard error of the regression
estimates. Risk of one factor was adjusted for the risks of
other factors. Those factors that were significant after adjust-
ment of other factors were introduced stepwise into a multi-
variate model. Dose response was evaluated by tests for
trend. Since only one female was a smoker and few females
consumed alcohol, analysis for these factors was performed
separately for males and females.

Resalts

Table 1 shows the frequency of cases and controls. The
average ages of cases and controls were nearly identical.
There were slight differences between cases fand gontrols in
the proportion of different religions, language spoken and
marital status. However, an appreciable difference was ob-
served in the proportion of literates/illiterates among cases
and controls. The proportion of literates among controls was
more than twice that among cases.

Table Il summarises the relative risks associated with
smoking habit in males, including type, years and number
smoked per day. Cigarette smoking and any smoking was
associated with a slightly elevated relative risk and this
remained significant after adjusting for the effect of pan
tobacco chewing (RR 2.6; 95% CI 1.3-5.2: P=0.01). The
relative risk in chewers and smokers was not appreciably
different from that in chewers alone. A dose response as
indicated by statistically significant elevated relative risks in
those persons who gave a history of smoking for more than
25 years, or of smoking more than ten cigarettes/bidis per
day was observed. Our investigation showed that snuff
inhalation and alcohol consumption in both males and fe-
males had minimal influence on the occurrence of oral
cancer.

The number of cases and controls, the relative risk esti-
mates and results of significance tests for pan chewing with
and without tobacco are shown in Table 111. The risk of oral
cancer associated with pan tobacco chewing was significantly
high in both males and females but the value was substan-
tially higher in females. Pan chewing without tobacco did not
increase the nsk of oral cancer.

In calculating relative nsks for dose-response parameters

Table I Comparative features of cases and controls

Cases Controls

Sex

Male 115 115

Female 233 233
Average age (years) 548 552
Religion

Hindu 293 266

Muslim £k ] 52

Christian 20 27

Others 2 3
Language spoken

Kannada 110 122

Tamil 76 67

Telugu 96 72

Urdu )| 52

Malayalam . 4

Others 19 31
Marital status

Single 5! 1

Married 199 238

Widowed 126 96

Divorced 2 1

Separated 4 1
Education

llkiterate 261 (76.1%) 144 (41.5%)

Literate 82 (23.9%) 203 (58.5%)

and history of chewing during sleep, subjects chewing pan
without tobacco were considered as non-chewers. A dose
response as indicated by increasing risk for years of chewing,
number of times of chewing per day and period of retaining
thepaninth:montbmobaavcdfrabkm.Aﬁmrmt
for trend was statistically significant (P<<0.001) in all three
instances. A history of keeping the pan in the mouth while
asleep increased the relative risk two-fold.

Of the food habits that were considered, the main type of
cereal consumed influenced the risk of oral cancer. A history
of ragi or wheat as the main cereal consumed increased the
relative risk several fold especially with respect 1o consump-
tion of ragi. Subjects were dichotomised into never ragi and
ever ragi consumption as the staple cereal (Table V).

Since the proportions of literates and illiterates among
cases and controls differed the crude relative risk estimates
for ever ragi consumption are shown scparately for literates
and illiterates with an overall adjusted (Mantel-Haensze|)
relative risk as well (Table VI). The influence of educational

Table 11 Relative risk (RR) estimates and results of significance tests of
smoking habits in males

Cases Controls RR  95% C1 P value
Smoking
No H/o smoking 29 43 1.0 - -
Cigarette 63 49 21 1L1- 42 0.03
Bidh 17 19 14 0.6- 30 0.41
Cigarette + bidi 6 4 23 06- 88 023
No H/o smoking 29 43 1.0 - -
Any smoking 86 72 1.9 1.0- 314 0.04
Smoke years
No H/o smoking 29 43 1.0 - -
1-5 10 6 26 0.8- 86 0.12
6-15 9 14 0% 03- 27 0.83
16-25 18 18 1.5 06- 315 0.39
>25 49 RE) 22 1.1- 43 0.02
Smoke (no. day™')
No H/o smoking 29 43 1.0 - -
1-10 17 bk} 1.2 0.6- 27 0.63
11-20 37 24 25 1.2- 54 0.02
>20 Az 25 2.1 1.0- 4.4 0.06
Chewing & smoking
Neither 14 38 1.0 ~ -
Chew only 15 5 10.2 2.6-394 < 0.001
Smoke only 69 66 35 1.5- 82 0.003
Chew + smoke 17 6 9.2 26-322 <0.001
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Table Il Relative risk (RR) estimates and results of significance 1ests of
chewing habits with and without tobacco

Cases Controls RR  95% CI P value
Males
No H/o chewing (13 89 10 - -
Chewing without T 15 15 15 06- 38 0.36
Chewing with T 2 1 40 18- 89 <000l
No Hfo chewing T B3 104 1.0 - -
Tobacco chewers 32 11 6 1.7- 719 0.001
Females
No H/o chewing 19 144 1.0 - -
Chewing without T 9 30 22 071-65 017
. Chewing with T 205 59 304 126-734 <0001 R
- No H/o chewing T 2 174 10 = -
Tobacco chewers 205 59 253 11.2-513 <0.001
Both sexes
No H/o chewing 87 233 10 s =
Chewing without T 24 45 17 09- 35 0.114 y
P Chewing with T 237 0 146 B2-259  <0.001 /
No H/o chewing T 1 2 1.0 = -
Tobacco chewers 237 0 129 75-223 <0001

Cl = confidence interval. H/o = history of. T = tobacco.

Table IV Mﬁwdﬁ(kklmﬂu“mﬁuddﬂﬁummdm

chewing habits with respect to duration of chewing (years), times per day, chewing
period (in minutes) and chewing during sleep (both sexes)
Cases Controls RR  95% CI P value
Chewing (years)
No H/o chewing tobacco 1 278 1.0 - -
1-5 L} 6 L7 03-93 0.539
6-15 b i} 7T 103 36-296 <0.001
16-25 56 20 124 56-272 <0.001
>25 154 37 1595 8.4-302 <0.001
Chewing (times per day)
No H/o chewing tobacco 111 278 1.0 5 -
1-4 82 13 93 49-175 <0.001
5-9 98 28 128  6.6-25.0 <0.001
210 35 B 166 63-443 < 0.001
Chewing period (minutes)
No HJo chewing tobacco 13} 278 1.0 - -
<5 5 3 64 09-451 0.063
6-10 67 20 97 47-198 < 0.001
11-20 59 13 165 7.2-374 <0.001
21-30 54 17132 58-300 < 0.001
>30 11 6 66 1.6-270 0.008
Chewing during sleep
No Hjo chewing tobacco 111 278 1.0 - -
No H/o chewing during sleep 108 47 85 47-152 <0001
H/o chewing during sleep 103 19 177 87-361 <000l

Cl = confidence interval. H/o = history of.

Table V  Frequency, relative risk (RR)estimates and results of significance tests of
main cereal consumed (both sexes)

Main Cereal Cases Controls RR 95% C1 P value
Rice 187 33 1.0 - -
Rag 143 6 293 119 - 723 <0001
Jowar 1 2 36 0.1 - 954 0.445
Wheat 15 1150 1.98-113.6 0.009
Rice 187 337 1.0 - -
Rag 143 6 312 126 - T4 <0.001
Other 16 3 104 23 - 43 0.002
No ragi 203 340 1.0 - -

i 143 6 2840 116 - 693 <0.00)

Cl = confidence interval.

status was further observed by introducing, stepwise, the
variables ever ragi consumption, educational status and his-
tory of pan tobacco chewing, into a conditional logistic
regression model (Table VII). The risk of ever ragi consump-
tion remained elevated after adjusting for pan tobacco chew-
ing and cducational status (RR 27.4; 95% Cl 9.9-759:
P <0.001).

In order to determine whether there was an interaction
between pan tobacco chewing and consumption of ragi as the

1@

main cereal, the relative risk in subjects who chewed tobacco
as well as consumed ragi was estimated and a marked in-
crease in relative risk (RR 242.6; 95% CI1 52.6-1119) was
seen, compared to those who chewed tobacco without con-
suming ragi (RR 12.5; 95% CI 6.3-24.9) or those who
consumed ragi without chewing tobacco (RR 32.5; 95% Ci
8.8-119.5). Although the estimated risk in a multiplicative
model would be 12.5 x 32,5 = 406 .25 for significant interac-
uon the esumated nsk of 2426 is very high (Table VIII).

P
b
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Table VI  Estimates of crude and adjusted (Mantel & Hmi}r:l.ativcrisk(]ln_)and
results of significance tests of ever ragi consumption as main cereal and educational
status

RR
Cases Controls (crude) 95% CI P value
Literates
No ragi 53 198 1.0 - -
Ragi 2 3 sn 11.3-180.6 <0.001
Mliterates
No rag 147 141 10 -
Rag 13 3 36.13 11.3-180.7 <0.001
RR
(adjusted)
Literates & illiterates - =
No ragi 200 339 1.0 - -
Rag 142 6 36.12 158- 903 <0.001
The educational status in 4 cases and 1 control was unknown. Cl = confidence
interval.
i [
Table VII Relatve nsk (RR) estimates and results of significance tests The relationship between tobacco either chewed or smoked

of ever ragi consumed, educational status and history of pan tobacco
chewing in a stepwise model

RR 95% CI P value
Ragi & educational status
Ragi as main cercal 26.7 10.6-67.5 <0.001
(0 = no ragi, | =rag
Educautonal status 53 31- 89 <0.001
(0 = literate, 1 = ilhteraic)
Ragi & pan tobacco chewing
Ragi as main cereal 263 98-709 < 0.001
Pan tobacco chewing 119 62-228 <0.001
(0 = no tobacco, 1 = lobacco)
Ragi, educational status & pan
tobacco chewing
Ragi as main cereal 274 99-759 <0.001
Educational status 31 1.7- 59 < 0.001
Pan tobacco chewing 89 45-173 < 0.001
C1 = confidence interval.
Table VIII Relative nsk (RR) estimates and confidence intervals (C1)
of tobacco chewing and ragi consumption habits (both sexes)
Tebacco chewing
Ragi consumplion No Yu__ _
No RR 1.00 12.5
(95% CI) - (6.3-24.9)
Cases/cont. 76/272 127/68
Yes RR 325 2426
(95% CI)  (88-119.5) (52.6-1119.0)
Cases/cont 35/4 10872
Discussion

This study confirmed reports of previous investigators (Ellis,
192]; Dawidson, 1923; Jussawalla & Deshpande, 1971;
IARC, 1985) that pan tobacco chewing is a major risk factor
in the occurrence of cancers of the oral cavity. Further, a
dose response as measured by chewing years, chewing times
per day, period of time chewed and retention of chewing
quid overnight while asleep could be clearly demonstrated. In
males presence of a history of any smoking was associated
with a significantly elevated relative risk. An unexpected new
finding of this study, however, was the increased risk when
ragi was the staple cereal consumed. This elevated risk was
not influenced by any of the other known nsk factors and
remained unchanged even after stratification and adjusting
for educational status, which was thought to be a possible
confounder because of differing proportions of literates and
illiterates among cases and controls.

Alcohol consumption or snuff inhalation did not emerge as
independent risk factors in our study, nor did they enhance
or interact with pan tobacco chewing or staple cereal con-
sumed.

12
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and development of cancer of the oral cavity is known (Ellis,
1921; Orr, 1933). However, a distinction of anatomic subsites
in relating risk factors appears important. By way of em-
bryologic and anatomic development, and also because in
pan chewing the anterior tongue and other areas of the
mouth are exposed to a greater degree than the base of the
tongue, it appears necessary to distinguish this portion of the
tongue from the rest of the oral cavity. Our analysis on the
nisk associated with base tongue cancers is being reported
separately.

A statistically significant dose response with respect to
chewing habits in this study suggests that certain
modifications in chewing habits could substantially reduce
the risk of developing oral cancer. The most important of
these and perhaps the easiest to follow by the average chewer
would be to spit out the pan as early as possible (within 5
min) and not to retain the quid in the mouth overnight while
asleep.

Smoking in this study did emerge as an independent risk
factor although the strength of the association was greater
for pan tobacco chewing. A dose response with smoking
could be clicited, but appeared weak. Bidi smoking has been
shown to be an independent risk factor for oral cancer by
carlier investigators (Sanghvi, 1955; Jussawalla & Deshpande,
1971). We did not find any notable difference in relative risks
between bidi and cigarette smokers or in those who smoked
both.

Although the extensive study by the IARC (1988) has
shown an clevated nisk of oral cancers in those who con-
sumed alcohol, our study, like the preceding one (Sankar-
narayanan et al., 1989) from this region, did not show any
association whatsoever. Any slight elevations in risk were lost
once this factor was adjusted for pan tobacco chewing and/or
smoking.

An indication of a possible protective effect of dietary
factors, like milk, milk products and fish, on the risk of oral
cancer has been reported carlier (Notani & Sanghwi, 1976).
However, it is for the first time that any relationship of oral
cancer to a staple cereal consumed is being suggested. Since
questions on diet for this study were asked routinely and not
for testing any hypothesis related to diet, the finding here of
highly elevated relative risk of oral cancer when ragi (Eleu-
sine coracina, family graminae) was the staple cereal consum-
ed calls for a more detailed assessment of diet and nutritional
status in future studies on oral cancer. It is possible that our
finding could be confounded by these and other various
known and unknown risk factors. Some of these could be in
relation to oral hygiene, socioeconomic status and other
dictary habits of those consuming rice in contrast to ragi or
wheat as the main cereal. Nonetheless, the finding here of
substanually elevated nsk in ragi consumers is important,
particularly because of the marked increase in risk when
combined with pan tobacco chewing.

That over 73% or resident cancer patients are referred to

-\
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Risk factors for cancer of the buccal and labial
mucosa in Kerala, southern India

R Sankaranarayanan, Stephen W Duffy, G Padmakumary, Nicholas E Day, M Krishan Nair

Abstract

Study objective—The aim was to
investigate risk factors for cancer of the
buccal and labial mucosa in Kerala,
southern India.

Design—The investigation was a case-
control study. ¥ %

Setting—Regional Cancer Centre,
Trivandrum, Kerala, and local iéaching
hospitals.

Participants—Cases were all those
registered with oral cancers at the Regional
Cancer Centre during 1983 and 1984
(n=414). Controls (n=895) were selected
from admissions to the cancer centre who
were found to have non-malignant
conditions, or from patients attending
outpatients in teaching hospitals of
Trivandrum medical college with non-
malignant conditions.

Measurements and main results—The
risk in males of the following habits was
investigated: pan (betel)-tobacco chewing,
bidi and cigarette smoking, drinking
alcohol, and taking snuff. Only pan-tobacco
chewing was investigated in females as very
few indulged in other habits. Among males
predisposing effects were found for pan-
tobacco chewing (p<0-001), bidi smoking
(p<0001), drinking alcohol (p<0-001), and
taking souff (p<0-01). As in males, pan-
tobacco chewing also had a predisposing
effect in females (p < 0-001). Duration of use
was a better predictor of risk than either
daily frequency of use or total lifetime
exposure, both for pan-tobacco chewing
(especially if the habit started before age 21
years) and bidi smoking. However, there
were also very high risks associated with the
current occasional use of both factors. Pan-
tobacco chewing was the most important
risk factor, with relative risk of 13-24 with
31-40 years’ use, and 37-75 with > 40 years’
use among males. Corresponding relative
risks in females were 21:30 and 54-93. No
effect of cigarette smoking was observed
(relative risk 0-64, p>0-1).

Conclusions—A substantial majority of
cases of buccal and labial cancers are
attributable to chewing pan-tobacce. This
has obvious implications for instituting
preventive measures.

Cancer of the buccal mucosa is the commonest
malignancy among males and the third most
common among females in Kerala, India.! At the
Regional Cancer Centre, Trivandrum, it

~
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constitutes 10-85%, and 6-84% of all cancers in
men and women respectively. It accounts for
more than 509, of all intraoral cancers in southern
India.? Cancer of the labial mucosa accounts for
0-8% of all cancers seen in our centre.

In the past, risk factors for buccal and labial
mucosal cancers have been studied as part of a
spectrum of cancers incorporating other intraoral,
pharyngeai, jaryngeai, and oesophageal cancers.
The anatomical sites considered in these studies
varied considerably.>'* The IARC working
group on the evaluation of carcinogenic risk to
humans from tobacco habits other than smoking
noted that it was not always clear which specific
sites were included.!®

Itis possible that the already known risk factors
like tobacco chewing, smoking, and alcohol in oral
cancers may vary in their relative importance as
potential risk factors for cancers of specific
intraoral subsites. The fact that cancer of the
buccal mucosa is a relatively uncommon intraoral
cancer in  those communities indulging
predominantly in cigarette smoking and/or
alcohol’® also suggests a varying importance of
known risk factors in inducing malignancy in
different intraoral subsites.

The present study addresses the epidemiology
of cancers occurring in the buccal and labial
mucosa (hereafter referred to as the buccal
mucosa for convenience) in Kerala, India. This
state on the southern western coast of India, with
a population of 30 million, has three main
religious groups: Hindus (59%,), Muslims (21%,),
and Christians (19%). It has the highest literacy
rate in the country and the lowest infant mortality,
birth rate, and death rate.!?

Methods

A hospital based cancer registry was established in
the Regional cancer centre, Trivandrum, in 1982,
with aid from the Indian Council of Medical
Research (ICMR) as part of the National Cancer
Registry Project of India. Since then this registry
has collected information on all cases of cancer seen
at the Regional Cancer Centre and the teaching
hospitals of the Medical College, Trivandrum.
The data collected include demographic,
educational, marital, occupational, socioeconomic,
and lifestyle data in addition to clinical details and
follow up information, in a standard form.

Four hundred and fourteen patients with
cancer of the buccal mucosa (1CD.0 codes 145-0,1
and 6) and labial mucosa (ICD.0 codes 140-3 and
4) registered by the cancer registry during 1983—
1984 constitute the cases for this study. The habit
history of these was recorded by direct
interviewing of the patients by trained social
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WOrkers,lsstandudpﬂctic:oftheregisuy.Thc mndimcnt:maddcdmdlcbuicquid. Bidiisa
habits of interest were pan chewing, pan-tobacco local cigarerte made by wrapping less than 0-5gof
chewing, bidi smoking, cigarette smoking, alcohol  coarse tobacco dust in a dry temburni (diospyros
and nasal snuff inhalation. The dara collected  melanoxylon) leaf,
were the daily frequency, the total duration in The alcoholic beverages used are mainly a
years, and the age at which the habits were locally fermented and distilled sap from palm
nitiated. trees called toddy and/or another locally brewed
Eight hundred and ninety five hospital based Lquor called “arrack™ (approximately 40-607,
cmtmlswtrcselcc:edﬁumpnticnnwﬁthm ctbanol).AJmholcmsmptioninthisnudyhas
malignant conditions who initially came to the bccnqumtiﬁadintmofﬁequmcyofdxink per
cancer centre to exclude a diagnosis of malignancy  day rather than in millilitres.
insilcsothcrlhmhadmdnnck,mdfmmmng The snuff used is home ground tobacco
those attending the outpatient divisions of the powder, a pinch of which is deeply inhaled into
teaching hospitals of the medical college with  the nostrils.
reSpiratory,  intestinal, and genitourinary
infections during 19831984, The detailed habits  pata ANALYSIS
of these individuals were collected by the social  Staristical analysis was by unconditional logistic
workers by personal interview in the same form  regression producing odds ratio relative risk (RR)
used by the cancer registry. estimates and deviance ¥? tests for cffect.!® a))
cwing is defined as chewing of a quid  estimares and tests were adjusted for age. In
containing fresh betel leaves (Piper betel), addition, for males religion was also adjusted for
smeared with aqueous shell lime (calcum (see results section below) and a multivaniate
hydroxide) and sliced fresh or dried areca nut  model of risk was constructed by a forward
(Areca catechu). Pan-tobacco chewing involves stepwise procedure, climinating those habits
the addition of locally cured dried tobacco leaves  which had no cffect on risk when adjusted for
and/or stem. No other condiments are added 1o other habirs. Dose-response was evaluated by
this mixture in Kerala. Hence the betel qQuid  tests for trend."®. Interactions among the effects
chewcdhmismcsscntiauy simpler one than that  of risk factors and between risk factors and age
of northern India, where many spices and other  were also assessed.

Tabde 7 5 T starting was unknown. Consequently, these
distribution of . o A Category  Cass  Comtrols  Total occasional users were excluded from the Primary
—_— ey T :
an:u. by age, sex, and A 40 21 sa e Ilnl.lym of effects of &c_qumcy and _dumuon on
refygion. 4049 75 189 264 risk, the effect of occasional use being assessed
50-59 130 306 436
6069 115 236 351 scparately.
70+ b 106 179
Sex Male 250 546 79
Female 164 349 513 Results
- : Table I shows uencies of cases and controls b
Religion Hindu 269 44 a13 i : y
Christian g 12501; % age, sex, and religion. Very few subjects (six males
. Mumley T andsix females) chewed pan alone and the only
Table Il Freguencies, e S ——— I
relative risks and results  Focior Catgory  Cases Controls RR (95% CI) »” plirend®
of mgmificance tests with I ——— M ==
respect to habst ) S
Sfrequencies. Pan-tobacco  Never £ 1 360 1-00 - p<0001 < 0-001
<35 per day 9 61 913 (560, 15-22)
59 per day 75 80 904 (565, 14-46)
10+ perday 69 40 1636 (9-66, 27-70)
Bidi Never 125 402 1-00 — p<0-001 < 0-001
<10 per day 51 65 241 (157, 3-68)
11-20 per day 43 55 250 (159, 3.94)
21+ perday 17 20 281 (141, 557
Cigaretie No 235 499 100 - NS NS
Yes 13 % 064 033, 1-22)
Bidi and Never 203 459 1-00 — NS NS
cigarerte €10 per day 17 33 128 (068, 236)
11-20 per day 16 24 164 (084, 321)
21+ perday 12 30 093 (0-46, 1.87)
Alcohol Never 165 438 1-00 - P <0001 NA
1+ perday 59 71 218 (146, 329)
Snuff No 232 532 1-00 — p<0001 NA
Yes 12 7 398 (153, 10-34)
(b) Females
Pan-wbscco  Never 19 168 1-00 — <0001 <0
<Sperday 3 92 371 (199, 699) ? -
S9perday T2 63 10-83 (596, 19-62)
. 10+ perday 35 22 1424 (686, 29 50)

RR = relative risk; Cl = confidence interval; NA = pot asscased
;Gk-hd test for & difference in risk amaong the categories
Tnsmmcdep-uof&rraomkn lincar trend in risk .
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Table 111 Frequencies,
relatrve risks and results of
£ tests  with
respect 1o habit duranions
(in years).

Table 1V Frequencies,
relative risks, and rm_af:l
of significance tests wit
respect to occasional
indulgence in habits.

R Sank Crenh

o » ¥

habit indulged in by females in substantial
numbers was pan-tobacco chewing. Risk was
therefore analysed separately for males and
females; in the latter case we examined only effects
associated with pan-tobacco chewing and
omitring chewing of pan alone from risk analysis.
Muslim males were at lower risk than Hindu or
Christian males, so religion and age were adjusted
for in all analyses of the male data. This effect was
not observed in the females, so analyses of the
female data were adjusted for age only.

Excluding occasional users, numbers of cases
and controls, accompanied by age adjusted (and
religion adjusted for males) relative risks, and
results of significance tests in relation to
frequency of habits are shown in table II. In
males, predisposing effects were observed of
pan-tobacco chewing, bidi smoking, drinking
alcohol, and taking snuff. For females, a
predisposing effect of pan-tobacco chewing was
observed.

W Duffy, G Padmakwmary, Nicholas E Day, M Krithnan Nair

The corresponding results for durations of
habits are shown in table III. Snuff does not
feature in the table as the small number with
ascertainable durations render further detailed
analysis inadvisable. Results were very similar to
those for habir frequencies, showing significant
positive associations with risk of pan-tobacco
chewing, bidi smoking, and alcohol consumption.

Effects of occasional use are shown in table IV.
Significant predisposing effects of occasional use
of pan-tobacco, bidi, and alcohol were observed in
males, the effects of pan-tobacco and bidi being
particularly strong. Although an increased risk
was observed in association with occasional pan-
tobacco chewing in females, this did not reach
statistical significance and the estimate is based on
only six subjects positive for the risk factor.

Table V shows relative risks associated with late

tion jof the habit (age 21 or over), with
analysis restricted to those with the relevant habit.
The results are much as expected, a later starting

Factor Category Cases Controls RR 195% CI) »” plirend*
(n) Males
Pan-tobacco  Never 7 360 1-00 — p <0001 <0001
<10 per day 11 13 650 ( 283, 1681)
11-20 per day 35 55 580 ( 333, 1011)
21-30 per day ¥ ' 7-70 ( 443, 1338)
3140 per day 48 40 1324 ( 7-51, 23-32)
> 41 per day 70 =1 775 (1949, 7312)
Bidi 125 02 1-00 — p<0-001 <0001
€20 per day 17 n 268 (1135, 530)
21+ perday ™ 118 247 (1-74, 349)
Cigarette Never 235 99 1-00 - NS NS
£ 20 per day 4 18 0-60 (019, 182)
20+ perday 9 28 0-66 (030, 144)
Bidi and Never 203 459 1-00 — NS NS
cgaretie <0 perday 10 23 1-19 (054, 259
21+ perday 35 64 1-27 (081, 200)
Alcobol Never 165 438 1-00 — p<0-001 <0-001
<2l perday 35 24 148 (071, 307
21+ per day 47 17 2-50 (159, 393)
(b) Females
Pen-wobacco Never 168 1-00 _ p<0001 <0001
%10 per day 11 48 1-79 (078, 407
11-20 per day 22 Ll 3-80 (185 7175
21-30 per day 38 48 774 ( 400, 1500)
3140 per day 33 19 21-30 ([ 959, 4736)
41+ perday ¥ 13 5493 (2118, 142-42)
RR = relative nsk; CI = coafidence interval
1 Global test for a difference in risk among the categories
® Test o0 one degree of freedom for linear end in risk.
Facior Category Cases Controls RR (95% CI) »
(a) Males
Pan-tobacco Never 37 360 100 — <0001
Occasional 10 5 2141 (654, 70-08)
Bidi Never 125 w02 100 — <0001
Occasional 4 4 1125 (353, 35-78)
Cigarette Never 235 454 100 - NS
Occasional 2 1 669 (055, BO-11)
Bidi and Never 203 459 — — NS
agarene® 2 0 m-—
Alecohol Never 165 438 100 <0-0%
Occasional 26 3 181 (103, 312)
Souff Never 32 532 1-00 — NS
2 6 7 228 (0-74, 7-03)
(b} Females
Pan-twbecco Never 19 168 1:00 = NS
Occanonal 2 4 542 (080, 3627)

RR = relauve nak; Cl = confidence mnterval

* Estimation impossible duc to sparse data. Not mgnificant by Fisher's exact test.
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Table V  Relative risks and significance ofcﬁmmris&dndopn’w after age 21 (relative
to baseline of before age 21—subjects with habip only).
—————-_.____________________,_

Habsr RR 95%, CI p
—‘——-—-—_____________———-—_____—
(2) Males

Pan-tobacco 019 (011, 0-30) <0-001
Bidi 031 (017, 0-53) <0-001
Cigarerte 0-83 (0-20, 3-44) >0-1
Bidi and cigarette 0-48 (021, 105) 01>p>005
Alcohol 041 (019, 0.8g) <005
Souff* 4+3x 10717 (86x1077, 23x 104 <005
(b) Females ~

Pan-tobacco 011 (0-05, 0-20) <0001
sl = OBy
RR = relative risk; CI = confidence interval
* Very sparsc dara.

age yielding a teduced risk, and bearing our the

duration effects in table II1. The results for snuff
should not be overinterpreted as the dara were
sparse (for example, only one control started
before age 21). f

Table VI gives tHe results of analysis of toral
lifetime habits, that is, the product of frequency

Table VI Freguencies,

289

and duration, excluding occasional users as
before. Results were similar to those for f; requency
and duration. Examination of residual deviances
showed that the effects of lifetime exposures were
Do more significant predictors of risk than daily
frequencies or durations. Again, results for snuff
should be interpreted with caution.

The combined effects of frequencies and
durations, and of different habirs,

misclassification of alcohol use, it is inadvisable to
rule out either habit as a risk factor.

_._——-—-—._______—-—-—-_._.__——-_——-____.

relative risks, and results  Habit Cae _ Cowol  Ra , izl PPN RREI __Plvrend)
of sigmificance tests with = B (3) Males
respect to total hiferime Pag-sot
EXposures. Never 37 360 10 - <0001 <0001
<70 chewing years 28 43 626 ( 346, 11-29)
T0-139 chewing years 41 47 8-41 ( 488, 14-53)
140+ chewing years 134 91 1447 (923, 22:69)
Bidi
Never 125 402 1-0 — <0-001 <0-001
< 400 bidi years 51 61 2-66 (173, 4-08)
bidi years 12 27 1-40 ( 0-68, 2:89)
500+ bidi Years 48 52 286 (182, 449)
Cigarere
Never 235 494 10 —_ NS NS
<200 cigarette years 6 20 078 ( 030, 201)
200+ cigaretie years 7 26 055 (023, 130)
Bidi and cigarerre
Never 203 459 10 — NS NS
<600 unit years 32 61 134 (083, 214)
600 + unir years 13 26 108 ( 054, 2-16)
Alcohol
Never 165 438 10 — <0-001 <000}
<20 drinking years 8 7 3-79 ( 130, 10-79)
20+ drinking years 52 66 1-842 (133, 309)
Snuff
Never 232 532 1-0 — =0-005 <000}
< 100 umt years 7 1 15-66 ( 1-95, 125-28)
100 + unit years 5 ] 195 ( 057, 6-61)
(b) Females
Pn;-mbmm
ever 19 168 1-0 _ <0-001 <0-00]
<70Cbtw?'ng Years 17 79 1-89 ( 091, 3-88)
70+ chewing yeary 37 48 T4 ( 3-86, 14:53)
. 140 + chewing years 89 50 194 (10-30, 36:57)

RR = relative risk; CI = confidence interval

Table VII Relative risk estimares among males and results of significance pesss for the
Jour factors resulting from forward stepunse regression.

Factor Category® RR* (952, c1) P
Pa-tobacco  Neva T _—_-____-___'_Tﬁn___
durstion £ 10 years 712 (277,1824)
11-20 4-46 ( 2-44, 8:14)
21-30 b-44 ( 353, 11-74)
3140 11-15 ( 595, 20-87)
40+ years 29-02 (14-20, 59-28)
Bidi duration Never 1-00 - <001
% 20 years 290 ( 126, 664)
21+ years 1-66 { 106, 2-60)
Alcohol Never 1-00 — 01>p>0p0s
Ever 1-60 (099, 257)
Souff Never 1-00 — Ol>p>005
Ewver 293 (098, 877
e et R

RR = relative riak; CI = confidence interval
+ Excluding occasional users.
ban cItimates and testy adjusted for the effects of the remaining three factors,

intmct.it‘m after adjustment for age ar the start of
In both males and fcmalcs, the
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Table VIII Age specific relative risks associated with durations of pan-tobacco chewing

and m
Rusk facior Category Age <50 Age 50+
RR (95% CI) RR (95%, Cl)
Pan-tobacco  Never 1-00 — 100 —
dumnon <10 14-21 ( 3-56, 5660) 861 ( 2:16, 34-32)
(years) 11-20 2290 ( 7-46, 70-23) 326 ( 1-56, 677)
21-30 71-30 (1937, 262-49) 353 ( 181, 685)
N4 —_ —_ 850 ( 477,1513)
414+ — —_ 269 (13-70, 50-40)
Alcohol Never 1-00 — 1-00 =
durstion <20 27 (095 804) 092 ( 032, 264)
(years) 21+ 818 ( 279, 23-95) 189 (113, 314)

RR = relative nsk; CI = confidence interval
* Inestimable in younger group due to lack of data.

Table IX /13 speaific rtfmmf risks associated wnth frequency and duration of
pan-tobacco ¥ % J
Risk factor Category Age <30 Age 50+
RR 95% CI) RR r95% CI)
Pan-tobacco  Never 100 — 1-00 ~—
daily <5 17-85 (324, 9809 2% ( 131, 511)
frequency 59 100-28 (17-44, 576:35) o645 { 339, 1224)
10+ 53-62 ( 694, 41418) 1055 ( 4-B4, 2300)
Pan-tobacco  Never 1-00 —_ 100 -
durstion <10 1'% ( 276, 165-55) 0©O76 ( 025, 2-26)
(years) 11-20 3008 ( 397, 22741) 203 ( 088, 462)
21-30 217-89 (25-98, 1827-31) 299 ( 140, 639)
31-40* - —_ 1219 ( 553, 26:89)
41+* - _ 3N (1235, 79-37)
RR = relative nak; Cl = confid nterval

! Inestimsble in younger group due 1o lack of data.

interaction of duration with age lost its
significance. It therefore seems likely that these
interactions are in effect products of the
substantial increase in risk conferred by starting
the habit at or before age 20 years (see table V).
This was also the case for the interaction of age
with duration of alcohol consumption in males.

Interactions among habits were assessed by
first dichotomising habits to ‘never/ever’ to avoid
the difficulties of interpretation and insensitivity
arising from sparse data. The only two factor
interaction observed was between pan-tobacco
chewing and bidi smoking (p<0-05). As can be
seen from table X, the cumulanve effect of both
habits is represented by a relative risk of 21-46
(relative to a baseline of neither habit), and not
60-12, the product of 14-28 and 4-21 which we
would expect were there no interaction.

No significant three factor interactions were
observed. To illustrate the cumulative effect on
risk of three predisposing factors in the absence of
such an interaction, table X1 shows relative risks
by pan-tobacco chewing, bidi smoking, and
alcohol use. The baseline group is made up of
those never indulging in any of the three habits.

In considering risk stratified by several factors,
note that with sufficient data to quantify the
habits, the relative risk gradients would almost
certainly be larger.

Discussion

This study reveals pan-tobacco chewing to be the
major risk factor for cancer of the buccal and labial
mucosa. Previous case-control studies in various
parts of India on cancer of the buccal and labial
mucosa have resulted in relative nisk estimates
ranging from 39 to 39.%%'920 Relative risk

estimates here suggest that daily frequency and
carly age of starting pan-tobacco chewing are the
major predictors of nsk. Dose-response
relationships between relative risk and frequency/
duration of chewing have not previously been
examined in detail in India. The working group of
the IARC was able 1o calculate the dose-response
relationship berween daily frequency of chewing
and oral cancer nisks in only two studies reported
from India.” #* This is probably the first study
from India which examines the dose-response in
terms of duration of chewing in years and total life
time exposure (chewing years = the product of
daily frequency and duration of chewing in years).

Buccal mucosa seefns 1o be the site at greater
risk of malignancy in pan-tobacco chewers as
compared to other intraoral sites. This is
suggested by the higher proportion of buccal
mucosa canceys in Bangalore, Madras, and
Singapore Indians'® (who are cthnically south
Indians), where betel quid chewing is more
common than in northern India. In Bombay,
Poona and Nagpur, the tongue is the predominant
site of intraoral cancer.'® The highest age adjusted
rate for buccal mucosal cancers is reported in
Madras for males and in Bangalore for females.
The dominant habit in these areas is chewing pan
with tobacco. The predominant occurrence of
malignancy in the buccal mucosa among chewers
is probably due to the constant contact with the
quid while chewing. In carly studies, the highest
relative risks have been related to retaining the
quid during sleep.”

It is likely that carcinogens in the quid act as
contact carcinogens. In spite of many srudies
evaluating the caranogenicity of various betel
quid constituents, the carcinogens in the quid
have not been unequivocally identified. However
these studies indicate that all the components of
pan-tobacco with the probable exception of betel
leaf are likely to contribute to oral
carcinogenicity.!® Nicotine contributes to the
carcinogenic potential of tobacco by serving as
precursor to many tobacco specific nitrosamines
such as NNN (N-nitrosonornicotine) and
NNK (4-(methyl nitrosamino)-1-(3-pyridyl)-
l-butanone) which have proved their
carcinogenicity in expenmental animals. Local
irritation and the alkalinity induced by lime and
some of the arecanut specific nitrosamines like
MNPN (3[nitrosoamino] propionitrile) with
proven carcinogenicity in animals??> may also
contribute to oral neoplastic processes.

The other quid related factors that may modify
the carcinogenic potential include the differences
in the proportion of various quid components,
duration of each chew, and whether the chewer
rinses the oral cavity with water after each and/or
frequent chews. It is almost impossible to
examine the effect of the first mentioned factor,
but the latter two should be addressed in future
studies. Evaluation of the last factor may have
some public health significance.

The finding of an evident interaction between
duration of pan-tobacco chewing and age, and the
absence of its significance when adjusted for age at
adoption of habit, indicate that the effect of the
latter is not simply a proxy for duration. There
may be a period of particularly high susceptibility
to the carcinogenic effect before age 21.

1G7> 4
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mucosa with ing. owever, in two earljer
as¢ control  studies from Madras,> 1° .
Proportion of smokers was higher in controls
(47% and 53-7%, respectively) compared 1o cases
(Zﬁ%mdﬁ%)-Bid.iisd:clnos:pOpuh:formof
tobacco smoked among the lower soc i

Strata in India,
industry s currently promoted

Table X Rclatﬁnrﬁbmdfrm: o/cau:mcmmb by pan-tobacco and bidy
habits in males,

_.Pm-lﬁ.:aqu
Never Ever )
—_— e ———— =l
Bidi unoking Never RR 1-00 1428
95°, Cn) - (821, 24-83)
controls 18/284 103/114
Ever RR 42] 2146
#35*, CI) (209, 8-45) (1194, 38 54)
controls 19/74 B7/65
RR-;d.ﬁnru;CI-mnﬁdmcghmu
Table X1 Wﬂmdm-mcw,mw.mwmm
males, the baseline group being those wrth none of the thres habits.
__._____,_.________._._._.__________h_ =
Alcohol wse
—_— ———

Bidi smoking Never
o —— —_— —

(8) Never chew Pan-tobacco

Never RR 1-00 255
(95% CI) — (077, 840)
Ever RR 400 B 48
(95%, C1) ( 180,913 ( 228, 31 79)
(b) Ever chew pan-tobacco
Never RR 1411 2008
(95%, C1) ( 749, 26.56) (913, 4397
Ever RR 2097 31-37
] _{95"., C1) (1066, 41 24) (1313, 74 94)
RR = relative risk; C] = confidence interva)
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of both habits. These results are tentative, in view
of the interaction between the two habits
mentioned above. Nevertheless, the indication is
that a substantial majority of cases are attributable
to chewing of pan-tobacco.
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Regional Cancer Centre, Trivandrum, is supported by
the Indian Council of Medical Research (ICMR). The
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Head and neck cancer (HNC) is one of the 10 most frequent cancers
worldwide, with an estimated over 500000 new cases being
diagnosed annually. The overall 5-year survival rate in patients with
HNC is one of the lowest among common malignant neoplasms and
has not significantly changed during the last two decades. Oral
cavity squamous cell carcinoma (OSCC) shares part of HNC and has
been reported to be increasing in the betel quid chewing area in
recent years. During 2006, OSCC has become the sixth most common
type of cancer in Taiwan, and it is also the fourth most common type
of cancer among men. It follows that this type of cancer wreaks a
high social and personal cost. Environmental carcinogens such as
betel quid chewing, tobacco smoking and alcohol drinking have
been identified as major risk factors for head and neck cancer. There
is growing interest in understanding the relationship between
genetic susceptibility and the prevalent environmental carcinogens
for HNC prevention. Within this review, we discuss the molecular
and cellular aspects of HNC carcinogenesis in Taiwan, an endemic betel
quid chewing area. Knowledge of molecular carcinogenesis of HNC
may provide critical clues for diagnosis, prognosis, individualization
of therapy and molecular therapeutics. (Cancer So 2008; 99: 1507-1514)

H ead and neck cancer (HNC) is one of the 10 most frequent
cancers worldwide,'""” with an estimated over 500 000 new
cases being diagnosed annually"’ Squamous cell carcinoma
represents more than 95% of all head and neck cancers.
Therefore the HNC problem primarily concerns the diagnosis,
biology and management of squamous cell carcinoma.')
According to the 9th revision of the International Classification
of Diseases (ICD-9), the term HNC relates to malignant neo-
plasms of the lip (ICD140), tongue (ICD141), gum (ICD143),
floor of the mouth (ICD 144), bucca and other unspecified parts
of mouth (ICDI145), oropharynx (ICD146), hypophrynx
(ICD148) and other head and neck sites (ICD149). The World
Health Organization (WHO) estimated that the global incidence
rate for cancer of the head and neck in 2000 was 14.27 per
100 000. However, the prevalence of HNC differs greatly in
different parts of the world. Epidemiologic studies have shown
a wide variation of incidence between worldwide areas. HNC is
highly prevalent in South-east Asia, compnsing 35-40% of all
malignancies in India, compared with approximately 9% in
Taiwan and 2-4% 1in Western countries.™" Also, the tumor sites
of HNC are discrete from various regions. Cancers of tongue
and buccal mucosa constitute the majonty of HNC in India and
Taiwan.> In contrast, the Western registries show cancers of
the mouth floor are the most frequent, with cancer of gum or
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tongue being rare.*” The differences may be attributed to
certain environmental exposures prevalent in this population, as
well as to genetic factors.

Within this paper, we review the Taiwanese studies on the
epidemiology of HNC, features of premalignant lesions, potential
carcinogens associated with susceptibility and prognosis and
molecular mechanisms of tumornigenesis.

Descriptive epidemiology of head and neck cancer
in Taiwan

The incidence of HNC is one of the highest in the world, and
this malignancy has been one of the 10 leading causes of cancer
deaths in Taiwan (Table 1). All the epidemiology data are from
the Cancer Registry Annual Report of Taiwan, Health and
National Health Insurance Annual Statistics Information Service,
Department of Health, Executive Yuan, ROC Taiwan (htp://
www.doh.gov.tw/statistic/index.htm). In 1982, the incidence rate
of HNC was 5.12 per 100000 people in males and 1.54 per
100 000 people in females (Fig. 1). In 1991, the incidence rate
of HNC had not much changed, with 6.02 and 1.51 per 100 000
people in males and females, respectively. However, in 2003, the
incidence rate of HNC significantly increased to 35.08 and 3.56
per 100 000 people in males and females, an alarming 5.82-fold
increase in men and 2.35-fold increase in woman in a decade
(Fig. 1). In 2006, oral cavity squamous cell carcinoma (OSCC)
had become the 6th most common cancer in Taiwan and the 4th
most common cancer in Taiwanese men (Table 1). Similarly,
mortality rate also increased significantly, from 4.25 per 100 000
in 1995 10 9.6 per 100 000 in 2006, a 2.26-fold increase in the
past decade (Fig.2). This unfavorable trend reflects the
increased mortality rate from HNC mostly in men. Overall,
montality rates for HNC in males increased 2.33-fold, from 7.6
per 100000 in 1995 w0 17.7 in 2006 (Fig.2). Given the
magnitude of the HNC problem in Taiwan and its profound
adverse impact on public health, there is a need for intervention
and the initation of preventive actions.

There has been a trend toward lower age at diagnosis of HNC
over time. From 1989 1o 1993, the peak of incident rate was for
people aged 50-59 years, but this shifted to ages 40-49 years
between 1993 and 2000 (Fig. 3). A similar trend was also found
in the mortality rate. During the period between 199] and 1994,
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Table 1. ThetenmostcomnoncancersinTaiwan.zooﬁ

Rank All incidence Mortality Male incidence Male mortality
—_— ——— T — :
Lung Liver Liver Liver

|

1
2 Liver Lung Lung Lung
3 Colon—rectum Colon-rectum Colon—rectum Colon—rectum
4 Breast (F) Stomach Oral cavity Oral cavity -
5 Stomach Oral cavity Stomach Stomach
6 Oral cavity (F) Breast (F) Esophagus Esophagus
7 Prostate Esophagus Pancreas Prostate
8 Cervix Pancreas Prostate Pancreas
9 Esophagus Non-Hodgkin lumphoma Non-Hodgkin lumphoma Non-Hodgkin lumphoma™
10 Pancreas Gallbladder Nasopharynx Nasopharynx
_—
—
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Fig. 1. The incidence rate (per 100 000) of head and neck cancer in Age
Taiwan by sex between 1991 and 2003. Fig.3. The age-standardized incidence rate (per 100 000) of oral
cavity cancer in Taiwan between 1989 and 2000.
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Fig. 2. The mortality rate (per 100 000) of head and neck cancer in 0=y 10—-1920-2930-3940-4950—6980—69 70-79 80-89 >99
Taiwan by sex between 1995 and 2006. Age
Fig. 4. The age-standardized mortality rate (per 100 000) of oral Cavity
cancer in Taiwan between 1991 and 2002.
mortality rate peaked at age 50-59 years, but shifted 1o age
40-49 years between 1999 and 2002 (Fig. 4). (hup:tiwww. _ o ‘
doh.gov.lwlslalislic/index.hlm). These data are consistent with  (including red staining of lips and teeth ang foul-smelling
other regional reports from northern and southern Taiwan *" breath) are frequently reported by females, which may account
Moreover, patients with HNC are generally younger than those  for sex differences in HNC prevalence.

with other forms of cancer. In 2006, the median age at death The overall 5-year survival rate in patients with HNC jg one
from HNC was 54 years compared with 69 years in other forms of the lowest among common malignant neoplasms and has noy
of cancer. significantly changed during the last two decades. Cancer

Gender differences in HNC have been described, with 2 tumor stage (Table 2) is the major determinant of survival rate.
marked male predominance. A study analyzing 703 OSCC  The S-year survival rates of oral cavity cancer Patients in stages
patients between 1985 and 1996 in southern Taiwan found a 1. II. I} and IV are 72-90%, 39-85%, 27-70% and 12-50%,
51:1 male-to-female ratio.” Qur previous studies in oral cavity respectively.®*? Survival rates for HNC are significantly infly-
cancer patients demonstrated that male cases were far more  cnced by tumor size, lymph node involvement, distant melastasis,
common than females, comprising 90-93% men and 7-10%  tumor differentiation and betel quid chewing 43 Chewing bete]
women.“**® This gender difference may be explained by the quid independently contributes to the risk of HNC, and the esti-
lower proportion of betel quid chewing habits in females. mated prevalence of betel quid chewing in Tai_wanese patients
Concerns about the disfiguring effects of areca quid chewing  with HNC js approximately 859 35 Approximately 50% of
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Table 2. Clinical staging of oral cavity cancer based on American Joint Committee on Cancer (AJCC) system. (Greene FL et al. ed. AJCC Cancer
Staging Manual, 6th edn, 2002, Springer). The assessment of the primary tumor is based on inspection and palpation of the oral cavity and neck.
Additional studies may include computed axial tomography (CT) or magnetic resonance imaging (MRI). Clinical stage is grouped based on the
status of primary tumor (T), regional lymph nodes (N) and distant metastasis (M)

Definition of primary tumor (T)

> Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor 2 cm or less in greatest dimension

T2 Tumor more than 2 cm but not more than 4 cm in greatest dimension

T3 Tumor more than 4 cm in greatest dimension

T4 Tumor invades through cortical bone, inferior alveolar nerve, floor of mouth or skin of face
T4a Tumor invades adjacent strictures

T4b Tumor invades masticator space, pterygoid plates, or skull base

Definition of regional lymph nodes (N)

Nx Regional lymph riodeb cannok be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension

N2 Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in greatest dimension, or in multiple
ipsilateral or in bilateral or contralateral lymph nodes, none more than 6 cm in greatest dimension

N3 Metastasis in a lymph node more than 6 ¢cm in greatest dimension

Definition of distant metastasis (M)

Mx Distant metastasis cannot be assessed
MO Mo distant metastasis
M1 Distant metastasis

Clinical stage grouping

Stage 0 Tis NO MO
Stage | m NO MO
Stage Il T2 NO MO
Stage Il 13 NO MO

T1-3 N1 MO
Stage IVA T4a NO-2 MO

T1-3 N2 MO
Stage IVB T4b any N MO

any T N3 MO
Stage IVC any T any N M1

patients who were betel quid chewers are also alcohol drinkers
and tohacco smokers.**#

With regard to the anatomical localization of oral cavity cancers,
approximately 30—40% of all cases occur in the tongue or in the
buccal mucosa. Altogether, lesions at these sites account for
approximately 70% of all oral cavity malignancies.®""

Premalignant lesions carry a high risk to progress towards
malignant transformation

Premalignant lesions of the head and neck - including oral
leukoplakia, erythroplakia, squamous papilloma and submucous
fibrosis — carry a high nsk to progress towards malignant
transformation. Oral leukoplakia is a whitish patch or plaque
that cannot be charactenized clinically or pathologically as any
other disease. It originates from non-specific reactions of the
epithelium as a consequence of various exogenous and endogenous
stimuli. Submucous fibrosis is a disease that produces changes
similar 1o those of scleroderma but 1s limited to oral tissue.
It presents as a whitish vellow discoloration with a chronic,
insidious biological course. Oral squamous papilloma,
characterized by a warty appearance, is composed of papillary
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and verrucous growths of benign epithelium and minor amounts
of supporting connective tissue.

Studies have shown that between 1 and 18% of oral premalignant
lesions will develop into oral cancer.'” As regards the age dis-
tribution of patients with premalignant lesions, oral submucous
fibrosis is predominant in young patienis whereas leukoplakia is
more commonly found in older individuals. Patients with pre-
malignant lesions have a high risk of HNC development. In a
study of 1458 patients with premalignant lesions, 3.02% developed
clinical evidence of carcinoma over 2 mean follow-up period of
42.6 months."V Specifically, 1.87% of patients with dysplastic
lesion and 3.55% of those with hyperkeratosis/epithelial hyper-
plasia progressed to mahignant transformation.'" In another
study of 1046 patients with oral leukoplakia, the prevalence rate
of carcinoma was 12.9%./"? The relative risks for the presence
of malignancy in leukoplakias on the tongue and floor of mouth
with non-homogeneous appearance were 2.72- and 28.13-fold
higher, respectively, compared with those on buccal mucosa
with homogeneous surface."? The average age of patients with
leukoplakia was lower in patients engaged in the oral habits of
alcohol dnnking, betel quid chewing and cigarette smoking
compared with those without any oral habit'"? These results

Cancer Sci August 2008 vol &9 no 8 1509

© 2008 Japanese Cancer Assocation



clearly show that some leukoplakias May contain a malignant
component. Although Premalignant lesions with certain features
are more prone to carcinomas, no clinical attributes may bring
tertitude. Therefore, all oral leukoplakias should be submitted 1o

Betel quid chewing, alcohol drinking and tobacco smoking
can promote HNC

The oral habits of bete] quid chewing, alcoho] drinking and
tobacco smoking have been documented as risk factors for
HNC .15 The 1985 International Agency for Research on
Cancer (IARC) monograph on betel quid reported that there was
sufficient evidence for carcinogenicity to humans for bete] quid
containing tobacco (Group | carcinogen), but reported inadequate
evidence for carcinogenicity 1o humans for bete] quid without
tobacco (Group 3 carci nogen)." However, case-contro] studies
from South-east Asia have reported thar betel quid use, speci-
fically without tobacco, may act as a nisk factor for HNC (1719
Therefore, the recent ;

chewing of betel quid, by itself, 1o be
and the areca nut to be, correspondingly, a Group | carcinogen. '

especially for the indigenous people
with total estimated Iwo million habityal users (10% of
population).?® Notably, the consumption of bete] quid has
gradually increased since 1970.% Aside from the psychoactive
effect and facilitating social interactions between chewers,
several phenomena Mmay explain the increase of betel usage. In
the 1970s, when Taiwan's cconomy was booming, 10 increase
the labor-intensive productivity, bosses often handed out betel
quids freely to the workers 1o enhance euphoric mood and
reduce tension, During the 1980s, ng the democracy
movement, despite knowledge of the harmful effects, beie]
quid chewing became 3 symbol of Taiwanese 1dentity and more
people 100k up the habir Gradually, people developed 3
tolerance to betel and demand increased. However, as evidence
mounied identifying bete] quid chewing as the major cause of
oral cancer, cumulative antibetel actions were launched by
the Taiwan government and betel] Consumption become steady
after 2000,%H

Risks of betel quid vary with the type of quid. Chewers using
betel inflorescence in the quid are at highest risk, whereas those
using betel leaves are ap the

are three
major types of betel quid used in Taiwan, foca]_!y called ‘Ching-a’,
‘Shuang-zi-sing” and ‘Bao-hyeo' (Fig. 5). Ching-a is commonly
used in urban areas. It is made by putling a piece of infloresc-

1510

(d)

Fig.5. Areca fruit and three major types of
betel quid used in Taiwan, with (3) unripe areca
fruit (b) Ching-a (¢) Shuang-zising and (d) g
hyeo. _

ence of Piper betle Linnacys with red slaked lime paste into
slit-open unripe bete] ‘Ful (Fig. 5b). Shuang~zi—sing 1S made b,

i
smoking is rare in the general population of Taiwan, Howg.rfrc—-
cigarette smoking is also common, especially with areca/bete]
quid chewers, bu people with both chewing and smoking habijrs
rarely simul!anmus]y use.

The prevalence of orgl precancerous lesions (leukoplakia._
submucous fibrosis and verrucous lesions) has been associated
with different life styles relating 1o quid chewing, tobacco smok -
ing and alcoho] drinking 29 A Population-baseq study of 320
individuals has shown that the odds ratio for chewing areca/bete] -
quid and having at Jeast one oral precanceroys lesion was
8.21.%9 Reported odds ratios for oral leukoplakia in bee] quid
chewers and tobacco smokers were 174 and 3.2, respecuvely, in
4 case-control study of 435 subjects.® A dnsc—response effect
for duration and amount of chewing habit on HNC risk was
especially observed, with the prevalence of oral lesiong increasmg

oral cancer to 28- and 18-fold,
from betel quid chewing, alcohol drinking and tobacco smoking
has been observed, with 3 '

when the three risk factors are
of betel quid chewing on HNC risk, it has bee shown that bete]
quid chewers 1

chewing has also been associated with cancer Prognosis in g
dose- and time-dependent fashion. In 3 Study of :
patients, the 5-year survival rate of chewers wag signiﬁcant]y
lower than that of non-chewers,® | contrast, no significant
difference was Seen in S-year survival between smokers and
non-smokers or between alcoho] users and non-users, (2% Similarly,
the risk of death has been reported 1o be 31.4-fold higher in
heavy bete] quid users (duration >30 years, daily Consumption >3()
quids) compared with those who chewed betel quid 10 a milder
extent (duration <0 years, daily consumption <| 5§ quids). 2%

Betelquid-assmiated molecular pathology

The composition of betel quid differs Eeographically; (he areca
quid used in Taiwan contains areca nut, Jime and Piper bete]
inflorescence 2324 Piper bete] inflorescence Contains  high
concentrations of hydroxychavicol and safrole, whereas arccoline,
a4 major areca npup alkaloid, is considered 1o be (he most
Imponant carcinogen in the areca nur. Areca nut exracy (ANE)
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is highly cytotoxic and genotoxic to cultured human oral
mucosal epithelial cells and fibroblasts. Exposure of human
keratinocytes to ANE results in apoptosis, generation of reactive
oxygen species, genetic damage and micronuclei formation.™
The same study has found that 24-h treatment with ANE
induced mutations at the hypoxanthine phosphoribisyl-
transferase (HPRT) locus in human keratinocytes.”™ Increased
intracellular levels of reactive oxygen species and 8-
hydroxyguanosine in cells exposed to ANE have been also
reported.

Salivary concentration of arecoline during betel quid chewing
has been detected to be in the millimolar concentration range.©P
Arecoline has been shown to induce structural chromosomal
aberration, sister chromatid exchange and micronuélei formation
in different cell types.”* Studies in human oral cancer cells
have shown that exposure to arecoline or ANE results in growth
arresi in the late S and G2/M phases.®® Morcover, it has been
shown that arecoline induced a significant elevitiop of p2lwafl
and a decline of cdc2 and cyclin Bl in gingival keratinocytes.®

Piper betel inflorescence, which contains safrole, is a unique
ingredient of betel quid in Taiwan. Safrole-DNA adducts have
been suggested to play an important role in oral carcinogenesis.
Accordingly, a high frequency of safrole-like DNA adducts has
been reported in betel-quid-associated oral squamous cell
carcinomas and non-cancerous matched tissue, in contrast to
the absence of such adducts in all of non-betel-associated
oral cancers.?

Hydroxychavicol, a phenolic component of betel leaf, has
been found in human saliva at a 4.6 mM concentration after
betel quid chewing.® Hydroxychavicol may induce the formation
of single-strand DNA breaks and 8-hydroxydeoxyguanosine — a
marker of oxidative DNA damage — in cultured cells."’*® More-
over, COX-2 expression and PGE, production have been shown
to be significantly enhanced by hydroxychavicol in human normal

oral keratinocytes.” Another study has shown that hydro-
xychavicol has the capacity to modulate cigaretie carcinogen
benzo[a]pyrene-mediated toxic effects by induction of dihydrodiol
dehydrogenase (DDH) and HPRT gene mutation.*” A further
report has provided evidence that alkaline saliva generated by
chewing betel quid may play a role in cigarette-related nicotine-
induced DNA damage and reactive oxygen species may be
involved in generating this DNA damage." These findings provide
a molecular explanation for the synergistic effect of betel quid
chewing and tobacco smoking in the development of HNC in
Tarwan.

Molecules changes during the process of head and neck
carcinogenesis

Under normal physiological conditions, gene expression is
highly regulated to maintain cell homeostasis. The process of
carcinogenesis involves gain of oncogene activity and loss of
tumor suppressor gene function. Differential EKprc&slﬁﬂIOf these
critical genes and other genes convolled by them contributes to
malignant transformation. The idenufication of these genes is
essential for understanding HNC molecular carcinogenesis.
The entry and progression of a cell through the cell cycle is
controlled by changes in the levels and activities of several
cyclins, cyclin-dependent kinases (CDK) and their inhibitors.
Disruption of the GI-S checkpoints leads 1o uncontrolled cell
growth, resulting in the development of cancer. Immunohisto-
chemical studies have shown that overexpression of cyclin A
protein is associated with tumor progression and patient prognosis
in oral squamous cell carcinoma.* N_otabiy, overexpression of
cyclin A is significantly associated with increased tumor size,
advanced tumor and lymph node involvement. Similarly cyclin
D1, which is required for transition from Gl to S pha}c. was
found to be hyperexpressed in oral squamous cell carcinomas.

Chen et al
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Specifically, tumors containing more cyclin D1-positive cells
had significantly shorter survival rates than those of tumors con-
taining a lower number of cyclin D1-positive cells.*® An aliered
expression of the cdk inhibitor p27Kipl, which is capable of
blocking cell cycle progression from the Gl to the S phase, has
been reported in HNC specimens. A previous immunohisto-
chemical study has shown that the loss of p27Kipl protein
expression is a common event and may play a crucial role in
the pathogenesis of oral cancer in Taiwan.®" It has been also
observed that patients with low or absent p27Kipl protein
expression had poor prognosis "

Besides cyclins and their inhibitors, recent studies have
focused on the potential role played by telomerase in HNC. Tel-
omerase expression has been shown to be closely associated
with cellular immortality and cancer, probably because it main-
tains telomere length and chromosome stability. Studies have
shown that cancer severity and prognosis correlate with the
expression of telomerase.®” MDM2 (murine double minute gene
2) overexpression has been also suggested 1o play a role in
human tumorigenesis via inhibition of the p53 tumor suppressor
protein. A high degree of MDM2 overexpression has been
reported in oral squamous cell carcinomas in Taiwan, but no
significant association was found between the MDM2 immunos-
taining and clinical staging or primary tumor status 9

Alterations of apoptotic signal transduction proteins, such as
c-Jun, have been reported in HNC. c-Jun is unigue in its ability
to positively regulate cell proliferation through the repression of
tumor suppressor gene expression and function.® A 3-fold
increase in c-Jun expression has been described in oral mucosal
fibroblasts after exposure to ANE or arecoline.*” Tt has been
also reported that 60% of oral cavity cancer patients in Taiwan
has a positive c-Jun immunostaining that correlates with shorter
overall survival rates." Racl, a member of the Ras superfamily
of small guanosine triphosphatases (GTPases) that act as molecular
switches 10 control cytoskeletal rearrangements and cell growth,
has been found to be hyperexpressed in a high fraction of
HNC.“” The inhibitor of apoptosis (IAP) proteins, a family of
antiapoptotic regulators that block cell death in response 10
diverse stimuli through interactions with inducers and effectors
of apoptosis, have been found to be expressed in potentially
malignant and malignant oral lesions, but not in normal oral
mucosa . Moreover, high levels of survivin — a recently
identified protein that suppresses programmed cell death and
regulates cell division — have emerged as an important indicator
of poor prognosis in HNC.®*

Cell adhesion molecules and cell surface receptors have been
implicated in the pathogenesis of HNC in Taiwan. It was
recently shown that expression of epidermal growth factor receptor
(EGFR; c-erbB-1) and its family protein Her-2 (c-erbB-2) are
increased in oral cancer by 3.5-fold and 1.5-fold, respectively. "
EGFR hyperexpression has been found to be associated with
clinical stage, extracapsular spread and poor prognosis.*" Hepa-
tocyte growth factor (HGF) (scatter factor) and its receptor, the
¢-met proto-oncogenc product (c-met), have also been imphcated
in HNC progression.®? Specifically, c-met expression was
significantly associated with T status, N status and clinical staging
of oral cancer, whereas the hepatocyte growth factor (HGF) in
the tumor invasion front was significantly correlated with N status
and clinical staging.®?

CD44 is a transmembrane adhesion molecule postulated o
play a role in tumor aggression. The overexpression of CD44
has been shown to be associated with metastasis and poor prog-
nosis in several human malignancies, but the CD44 sphce
1soform CD44v7-8 has been shown to act as a tumor suppressor
factor. Accordingly, a higher degree of CD44v7-8 staining has
been associated with a better prognosis in HNC (59 Desmoglein
3 (DSG3), a calcium-binding transmembrane glycoprotein
component of desmosomes in epithelial cells, has been found to
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be overexpressed in HNC specimens, & Notably, correlations
were seen between DSG3 expression and T stage, N stage, overall
stage, tumor depth and extracapsular spread.®

In recent years, advances in comprehensive genomic and
proteomic technologies are providing researchers with an
unprecedented opportunity for high- ghput molecular analysis

tropomyosin 2, myosin light chain 1, heat shock protein 27,
stratifin, lhiomdoxin—depcndcm peroxide reductase, flavin
reductase, vimentin, rho GDP-dissociation inhibitor 2, glutathione
S-transferase Pi and manganese superoxide dismutase,

Real-time ?uantitalive Teverse transciptase-polymerase chain

confirming that aB-crystallin, heat shock protein 27 and manga-
nese superoxide dismutase are significantly overexpressed in
this malignancy.“” Using cDNA microarray analysis, Tsai and
colleagues identificd 84 genes dysregulated in oral cancer
associatell with betel quid chewing.® Four genes, including
caspase-1, STAT-1, COX-2 (up-regulated) and pleiotrophin
(down-regulated), were validated by further analyses.“® Other
authors have used fluorescent differential display analysis to
identify gene expression profiles of HNC.5" As 3 result, NPM,
CDK1, NDRGI, HMGCR, EFIA, NAC and DSG3 were
found to be up-regulated in HNC, whereas CHES] was down-
regulated®”. Hyperexpression of CDK | and NDRG1 was also
associated with poorly differentiated tumors. Expression of
CDK1 and NDRGI, as well as of CDK1 and CHESI, was
significantly correlated, suggesting that these genes share a very
close regulatory relationship or interact synergistically in
oncogenesis.”

Although the full significance of dysregulation of gene
expression in HNC is not entirely known, these discoveries hold
promise with respect 10 improved diagnosis and treatment.
Notably, differential display screening initially identified DSG3
as overexpressed in HNC.” Further studies identified the same
molecule as associated with disease severity.™ Consistent with
the clinical data, inhibition of DSG3 by RNA interference
(RNAI) significantly reduced cel] growth and colony formation
in three HNC cell lines. Moreover, an in vivo xenograft study
showed that administration of DSG3-RNAi plasmid signifi-
cantly inhibited wmor growth in mice (9 These findings suggest
that DSG3 may be a potential molecular target in the development
of adjuvant therapy for HNC.

Mutations and polymorphisms associated with HNC
in Taiwan

Single nucleotide polymorphisms (SNP), poim mutations,
deletions and deregulation of DNA methylation have been
suggested to play a role in HNC carcinogenesis. Research
considering genetic alterations Jointly with environmental
exposures could be relevant for a better understanding of HNC
in the betel quid chewing area. Specifically, somatic multations
induced by betel quid or other environmental carcinogens may
be involved in the tumorigenesis of this carcinoma, On the
other hand, genetic polymorphism may play a significant role in
person-to-person variability in cancer susceptibility, raising the
intriguing possibility that some individuals could be predisposed
to HNC development. However, there js shortage of literature
regarding the association of SNP and bele] quid chewing.

The tumor suppressor protein P33 is a key molecule in regu-
lating expression of genes that mediate cell cycle arrest, and
nucleotide variations in the p53 gene have been extensively
studied in HNC. Loss of heterozygosity (LOH) affecting p53
cxon 4 has been found in 42-74% of tumor samples, whereas
LLOH at the p53 intron 6 was detected in 50% of specimens in
Taiwan.®*** Interestingly, 84.4% of patients informative for pS3
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gene exon 4 had a history of both habitual ci garette smoking and
betel quid chewing.®" The contribution of the p53 Arg72Pro

polymorphism in the development of HN
tigated. A report has shown that the

genotype homozygo

associated with a higher risk of HN
Arg genotype.® Previous studies h

served midregions o

C has been also inves-
: L -
combined susceptible

us Pro/Pro and heterozygous Arg/Pro was

C compared with the Arg/

Missense or nonsense multations at codons 161, 175, 177, 222,

255, 266, 273, 277 and 282 were found in approximately 20%

of oral cancers in Taiwan.“”-“"l'hereforc. the incidence of muta-

tions in conserved exons of P33 in the betel
is significantly different from that reported (4

quid chewing area ™
6%) for worldwide

identified, inclu_ding codon 51 GTCW —-GCCA'* codon 101 —
GGG»-GGAS", codon 102 GCG**5GTG™ and a nonsense
mutation 80 CGAM*TGA tha resulied in a premature stop

codon_ 9 Interestingly, methylation o

f the pl6/MTS] promoter

region occurred preferentially in carcinomas of (he tongue

(54%) compared wit

h other sites (229%) »

Other authors have investigated the role of adenomatous poly-

posis coli (APC) tumor suppressor gene during oral
This gene plays an important role

enesis.

In various cellular functions

including regulation of B-catenin levels, cell migration and
adhesion and cel] cycle control. Five missense mutations (codon
1352 GTT*™' SGCTA*, codon 1367 CAG"CGGA=, codon
1382 GTT™' 5GCTA", codon 1402 GCCA* 5 ACC™ ang codon

1652 TCCS*>TTC™) and a single nu
codon 1593 resulting in a

have been identified

gene and the patients’ tobacco/bete]
Genetic mutations or deletions in

have been associate

prognosis.'® Genetic polymorphi

cleotide deletion ar
Premature stop codon in the APC gene

in HNC patients.© Notably, a significan
correlation was observed between these mutations in the APC

quid consumption, 6
other cancer-related genes

d with susceptibility to HNC in the betel
quid chewing area. A biallelic polymorphism — adenine (A) 1o
guanine (G) transition at position +49 of exon 1 of the CTIA4

the tumor necrosis factor-i (TNF-a) gene are mvolved in the

moter region of the TNF-qa gene (

been investigated for their role in susceptibility 10
Results revealed that the frequency of the -308 TNFG allele

genotype was higher in patients wi
TNFA/G was lower: additionally,

TNFG/A allele geno

1ogenesis, the formation of new bl
precursors, is a prerequisite for

the pro-

-308 G/A and -238 G/A) have

HNC

th oral cancer, and that of
the frequency of the -238

lype was lower in the patient group.® Apg.

ood vessels from endothelial
the growth and progression of

phism was significantly different between HNC patients and
controls; specifically, carniage of the VEGF ~460T allele was
associated with HNC.*” Moreover. known genetic polymorphisms
for a number of detoxification enzymes (null E€nolype in either
genes, CYP2E] cl1/c? or c2/c2 genotype)

GSTM1 or GSTT]
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have been linked to HNC among individuals who did not chew
betel quid.“® In light of the possible contribution of factors
associated with thrombosis and inflammation to carcinogenesis,
the angiotensin-converting enzyme (ACE) gene insertion/deletion
(/D) polymorphism has been recently investigated in relation to
the presence of oral precancerous lesions in Taiwanese subjects
who chew betel quid.® Results showed that the DD genotype
independently predicted the presence of oral premalignant
lesions.® Finally, mutations in mitochondrial DNA (miDNA)
have been suggested to play an important role in the develop-
ment of HNC. Specifically, a study has found that betel quid
chewing significantly enhanced the accumulation of miDNA
deletions in human oral tissues.™

= -

Virus associated with head and neck cancer in Taiwan

Human papillomavirus (HPV), the causal agent of cervical
cancer, has been suggested to play a role in the etiology of
cancer of the oral cavity and oropharynx. More than 120
different types of HPV exist, with approximately 40 types
associated with lesions of the genital tract.”" The most
important oncogenic types are HPV type 16 (HPV-16) and HPV.
18.% In many advanced preneoplastic cervical lesions and most
derived carcinomas, HPV genomes are found to be integrated
into the host cell chromosomes. ™ Following integration,
the early HPV oncoproteins E6 and E7 are responsible for the
malignant phenotype, mainly through inactivation of tumor
suppressor proteins such as pS3 and pRB.(57

Besides cervical cancer, HPV infections have been linked to
several other malignancies, including HNC .77 Ap epidemiologic
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survey in Taiwan has shown that HPV 16, HPV18, betel quid
chewing and tobacco smoking were statistically significant risk
factors for oral squamous cell carcinoma, whereas HPV6 and
HPVI1 were not."™ Multivariate analysis identified HPV16 and
betel quid chewing as independent predictors of oral cancer ™
Another study has shown that the positive rates of all HPV types
and of high-risk HPV types were significantly higher in oral
cancer samples compared with normal mucosa (30 Moreover,
rates of HPV infections were significantly higher in non-oral
habits-associated oral cancer samples.®™ In light of these findings,
the authors concluded that HPV infections may play an oncogenic
role in oral cancer patients without cancer-associated oral
habits, &

Concluding remarks

In Taiwan, HNC incidence and mortality has increased over the
past two decades. During 2006, OSCC has become the sixth
most common type of cancer in this country, and it is also the
fourth most common type of cancer among men. It follows that
this type of cancer wreaks a high social and personal cost. The
high incidence of HNC in the Taiwanese population has been
attributed to certain oral habits prevalent in this population
(betel quid chewing, tobacco smoking and alcohol drinking), as
well as to genetic factors. The study of molecular carcinogenesis
in an endemic betel quid chewing area not only provides a
useful means to improve our understanding of HNC pathology
at the molecular level but may also allow specific targeting of
advice and therapy to high-risk individuals (i.e. those with a
high-risk genotype in a high-risk environment).
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émuking and betel quid chewing are associated with increased
risk of oral cancer but few studies have reported on associations
in populations where betel quid does not contain tobacco. We con-
ducted a case—control study in Papua New Guinea and a system-
atic review. Our case—control study recruited 143 cases with oral
cancer and 477 controls. We collected information on smoking
and betel quid chewing. Current smoking was associated with an
increased risk of oral cancer with an adjusted odds ratio (OR) for
daily smokers of 2.63 (95% confidence intervals (95% CI) 1.32,
5.22) and amongst heaviest smokers of 4.63 (95% CI 2.07, 10.36)
compared to never-smokers. Betel chewing was associated with
increased risk of oral cancer with an adjusted OR for current
chewers of 2.03 (95% CI 1.01, 4.09) and in the heaviest chewers of
2.47 (95% CI 1.13, 5.40) compared to nonchewers. The OR in
those who both smoked tobacco and chewed betel quid was 4.85
(95% 1.10, 22.25), relative to those who neither smoked nor
chewed. The systematic review identified 10 previous studies that
examined risk of oral cancer associated with betel quid chewing
that controlled for smoking in populations where betel quid did
not contain tobacco. In studies that reported results for non-smok-
ers the combined OR was 2.14 (95% (I 1.06, 4.32) in betel quid
chewers and in studies that adjusted for smoking the combined
OR was 3.50 (95% CI 2.16, 5.65) in betel quid chewers. Preventive
efforts should discourage betel quid chewing as well as smoking.
© 2006 Wiley-Liss, Inc.

Key words: oral cancer, betel quid; case—contro] study; meta-analysis

Oral cancer is not uncommon and is an important cause of mor-
bidity and mortality with 267,000 cases reported globally in 2000,
2/3 of them in men. There are marked intemnational variations in
reported incidence. Melanesia has the highest incidence in the
world (36.3 per 10° in men and 23.6 per 10° in women) and oral
carcinoma is the most common cancer in Papua New Guinea
(PNG). Rates are also high in South Asia (13.0 per 10° in men and
8.6 per 10° in women).'

Smoking has been consistently associated with increased nsk of
oral cancer but smoking patterns do not adequalely explain geo-
graphical variation of this cancer.' One factor that may explain
these variations in disease risk is the chewing of betel quid. Betel
quid constituents vary across cultures, but betel quid generally
consists of Areca nut, pan of the Piper betle plant (inflorescence,
leaf or stem) and slaked lime (either as a powder or paste) with
some populations including tobacco and other spices.” Several
lines of evidence support the suggestion that the chewing of betel
quid increases the risk of oral cancer. Betel quid has been shown
to contain various carcinogens® and has been shown 1o be carcino
genic in animal models; areas where chewing of betel quid 1s com-
mon have higher rates of oral cancer and some case—control stud-
ies of oral cancer have reported increased risk in those who chew
betel quid. For these reasons the International Agency for Research
on Cancer decided that betel quid should be classified as a human
carcinogen. But as betel quid in many countries contains tobacco
and the chewing of betel quid 15 often associated with smoking,
few studies have been able 1o estimate the role of betel quid as an
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independent risk factor for oral cancer reliably,

reported a dose-response.”
To clarify the situation we

and only one has

report a large case—control study in
PNG where betel quid use is commeon, does not contain tobacco,
and where smoking and betel quid exposure have been accurately
recorded. In addition, we report and extend the existing literature
by systematically reviewing case—control studies estimating the

(=]
nsk of oral cancer among people chewing betel quid that does not
contain tobacco.

Material and methods

This case—control study was conducted in Papua New Guinea
(PNG) from January 1985 1o July 1987. Cases were hospitalised
with oral cancer and controls were hospital controls either admit-
ted or related to someone admitted to the same hospital. Informa-
tion on exposures was collected using an interviewer-administered
questionnaire.

Case selection

Cases had a first diagnosis of chnically apparent oral squamous
cell carcinoma diagnosed by a doctor within 3 months of inter-
view. They were identified at 6 hospitals serving 6 provinces with
high rates of oral cancer, Approval for the project was sought from
the medical superintendents of participating hospitals and permis-
sion to approach patients was sought from the treating doctor.
Hospitals were contacted every fortnight by telephone and asked
to provide the names and deiails of any possible cases admitted.
Hospitals were visited by the research team every 3 months and
cases were interviewed in hospital. Following an explanation of
the scope, aims and purpose of the study, all eligible cases who
were approached agreed 1o participate. At each visit the local
clinicians were approached to see if any possible cases had been
missed: none were identified.

Control selection

Controls were people with an unrelated condition and no evi-
dence of oral cancer or precancer, recently admitted 1o the same
hospital as the index case. Towards the end of the study, guardians
of these inpatients were also recruited if suitable patient controls
were not available. Controls were recruited at visits to the hospitals
over the course of the study, and were selected to have a similar
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distribution of age, sex and geographical location as the cases with
a case—control ratio of about 1:3. The controls were approached in
a similar manner to the cases and none refused 1o participate.

Interview methodology

Our study was conducted among a predominantly preliterate
population (i.e. a culture not having a written language) with some
particular methodological challenges in assessing duration and fre-
quency of exposures. All subjects were interviewed by trained
investigators fluent in Melanesiarr Pidgin, trained in a standard
manner using a detailed instruction manual and monitored using
tape recordings of the interviews. The timing of key events, such as
the Second World War, was used to estimate age of the participants
and as milestones 1o judge duration of exposure. To obiain fre-
quency data on smoking and betel guid chewing, each person was
first dsked about their daily activities from waking until going to
sleep. A typical day was divided into 24-hourly periods and then
the interviewee was asked whether they chewed betel quid or
smoked during this period. The history of chewing betel quid and
smoking documented the specific components of the quid or type
of tobacco in Melanesian Pidgin and the local language (Tok Ples)
along with duration of use. The subjects were also asked whether
they had ever been 1o school, whether they had a job that paid
money and recorded whether they lived in an urban or rural sefting.

Exposure data

Age was estimated within S-year age groups with those aged
below 40 years placed into a single category. Urban and rural resi-
dence was classified according to census division of residence.
Those residing in the same census division as the provincial admin-
istrative centre were classified as urban; otherwise they were classi-
fied as rural. The reference group for all analyses was never smokers
or never chewers unless the numbers in this group were 100 small,
in which case it was expanded to include exsmokers or exchewers.
Exsmokers or exchewers were smokers or chewers who had stopped
for more than one year prior 1o the interview. Occasional smokers
or chewers were those who reporied smoking or chewing weekly or
less often. Current daily smokers and chewers were people who still
smoked or chewed daily or had been daily smokers or chewers
within | year of the interview. Current smokers and chewers were
split into 3 categories according to frequency of use and daily smok-
ers of different types of tobacco were identified. Lifetime tobacco
exposure was calculated as the product of daily frequency and dura-
tion of smoking and then the combined distribution was dichotom-
ised for analysis. To provide a summary estimate of tobacco exXpo-
sure from the different types of tobacco smoked throughout a sub-
ject’s lifetime, total 1ar exposure was computed using frequency and
duration of use for each tobacco and the estimated tar content of
each type. The hfetime tar consumption was grouped into thirds
based on the joint distribution of cases and controls.

Statistical methods

Unconditional multiple logistic regression was used to estimate
odds ratios (ORs), and 95% confidence intervals (Cls) for the asso-
ciation between smoking and betel quid chewing, and to adjust for
the effects of confounding vanables. Unadjusted ORs, and ORs
adjusted for age, sex, province, urban or rural residence, education
and income and either smoking or betel chewing were estimated.

Systematic review and meta-analysis

Studies were located by searching MEDLINE, (from inception
1o January 2006), and the reference lists of relevant texts and re-
views. A hierarchical literature search in MEDLINE used the fol-
lowing National Library of Medicine MeSH terms (Medical Sub-
ject Headings): 'Oral Neoplasms’, ‘Mouth”, ‘Betel’ and ‘Areca’. The
additional keywords oral, oropharynx and cancer or carcinoma
were also used in MEDLINE (truncated where necessary). Eligible
studies were case-control studies of oral squamous cell carcinoma
that had documented exposure to betel quid in populations where
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betel quid did not contain tobacco. To identify potentially eligible
studies the title and abstract of each study identified by the litera-
ture search was assessed. Full papers of potentially relevant studies
were reviewed. Data extracted included numbers of cases and con-
trols who were and were not exposed 1o betel quid without tobacco,
evidence for a dose-response with betel quid chewing without
tobacco, exposure to tobacco smoke, adjustment for tobacco smok-
ing in the analysis, year of publication, country and sample size.

We used inverse-variance weighted fixed-effect metaanalysis,
and DerSimonian and Laird random-effects meta-analyses® 1o de-
rive summary OR in nonsmokers who chewed betel quid and for
betel quid chewing after adjustment for smoking. Between-study
heterogeneity was assessed using I statistics.® Stata version 8.2
was used for all analyses.

i

Results

A total of 620 subjects were recruited into the study: 143 cases
(102 men) and 477 controls (342 men). The distribution of oral
cancer cases and controls by age, sex, province, urban rural status,
education and income are summarised in Table I. Cases were less
likely 1o reside in an urban area and less likely to have been 1o
school but were similar in terms of having a job that paid money.

Most people had smoked tobacco (91% of cases and 82% of con-
trols) and nearly everyone had chewed betel quid (99% of cases
and 98% of controls). The majority of people were current smokers
(78% of cases and 62% of controls) and current betel quid chewers
(87% of cases and 79% of controls). Current smoking was nearly
twice as common among male controls (72%) as females (35%),
whereas the percentage reporting current betel quid chewing was
similar in male (80%) and female (75%) controls.

The risks of oral cancer associated with smoking are summarised
in Table 1. The risk of oral cancer was elevated in all calegories of
smoking exposure. Relative 10 nonsmokers, the risk was highest in
cumrent smokers and lower but still elevated in exsmokers, There
was a dose-response relationship with both current daily tobacco
consumption and lifetime exposure 1o tobacco smoke (p < 0.001).
Various types of tobacco were smoked. Locally and commercially
grown air-dried ‘Black” tobacco (Brus or Stik) was mos commonly
smoked while commercial flue-cured machine rolled ‘Blond’

TABLE 1 - CHARACTERISTICS OF CASES AND CONTROLS BY AGE.
SEX. PROVINCE, RESIDENCE. EDUCATION AND INCOME

Fatiocysad Cases Cnumts__
No & No %

Total 143 100 477 100
Age in years

<40 17 119 76 159

4049 37 259 138 290

50-59 47 329 147 308

60-70 42 204 116 243
Sex

Male 102 713 342 71.7

Female 41 287 135 283
Province

New Ireland 33 23.1 94 19.7

East New Britain 15 105 64 134

Morobe 19 133 64 134

Madang 31 21.0 98 205

East Sepik 26 18.2 70 14.7

Milne Bay 20 14.0 87 18.2
Residence

Urban R 18 126 107 224

Rural 125 874 370 77.6
Education

Yes 74 ard 289 60.6

No 6H9 483 188 394
Income

Yes 53 37.1 172 36.1

No 90 629 s 639

|6 85
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TABLE Il - ODDS RATIO OF ORAL CANCER ASSOCIATED WITH TOBACCO SMOKING
AND BETEL QUID CHEWING

Risk factors and subgroups (‘?:1 Cﬂ:';d! or’ 95% OR 95% C1
Tobacco smoking
Never smoked 13 86 1.00 1.00
Ever smoked 130 391 2.20 1.20,4.04 2.19 1.12,4.30
Exsmoker 12 45 1.76  0.75,4.12 174 0.70,433
Current occasional smoker 7 52 089 034,232 088 032242
Current daily smoker 111 294 2.50 1.35,4.61 2.63 1.32,5.22
- Smoking frequency . -
Never 13 86 1.00 1.00
1-14 30 106 1.87 0.93,3.77 2.14 098,467
15-21 31 97 2.11 1.05,426 242 109,535
22 or more 50 91 363 1.86,5.21 463 2.07,1036
Lifetime exposure
i Never 13 86 1.00 1.00 {
38-540 tobacco years 47 153 203 105393 247 118517
5501595 tobacco years 64 141 3.00 1.58,5.72 338 1.55,737
Tobacco type (used daily)
Never 13 86 1.00 1.00
Air-cured ‘Black’ tobacco 93 232 2.65 141,498 3.07 1.49, 6.03
Flue-cured ‘Blond’ tobacco 7 31 1.49  0.55,409 182 064,521
Both ‘Black’ and ‘Blond’ tobacco 11 31 235 095578 281 1.04,760
Lifetime tar
Nil 13 86 1.00 1.00
Low 31 143 1.43 0.72,2.86 1.56 0.74,327
Medium 41 131 207 1.06,405 236 1.12,496
High 58 117 3.28 1.71,6.31 349 1.62,7.55
Betel quid chewing
Never chewed 2 9 1.00 1.00
Ever chewed 141 468 1.36 0.28,6.35 1.10 022,551
Exchewer 9 56 072 013,390 057 0.10,328
Current occasional chewer 8 37 097 0.18,539 098 0.17,5.74
Current daily chewer 124 375 1.49 0.32,6.98 1.29  0.25,6.51
Chewing frequency
Nonchewe 11 65 1.00 1.00
Current chewer 132 412 1.89 097,369 203 1.01,4.09
Occasional 8 37 1.28 047,346 157 056,436
Low 28 122 1.36 0.63,2.90 1.73 0.78, 3.84
Medium 47 141 1.97 0.96,4.04 210 098,447
High 49 112 259 1.26,5.32 247 1.13,5.40

'0dds ratios unadjusted. —*Odds ratios adjusted for age, sex, province, rural ¢f urban residence, income,
education and frequency of betel quid chewing for smoking vaniables or frequency of smoking for chew-

ing vanables.— Never and exchewers.

tobacco cigarettes were the lobacco type least often smoked. Only
Brus varied in the way it was smoked usually either wrapped in
newspaper or banana or tobacco leaf and less frequently smoked in
a pipe. The risk of oral cancer increased regardless of the type of
tobacco smoked or the method of smoking. Although the point esti-
mate of risk was higher with *Black’ tobacco than ‘B lond’ Cls over-
lap. When different types of tobacco were combined to estimate
lifetime tar exposure there was a linear dose-response relationship
with risk of oral cancer (p < 0.001). These associalions wWere essen-
tially unaltered after adjustment for potential confounders and
adjustment for betel quid chewing.

Betel quids in this population did not contain tobacco and were
unwrapped. The constituent areca nut, slaked lime and the inflo-
rescence of the piper betle plant (the flower stalk of the plant)
were placed separately in the mouth. The nut was chewed first,
(the pericarp was sometimes included if the youngest kulau nuts
were chewed). Powdered slaked lime was then repeatedly added
to the mouth. Most people used a piper betle inflorescence, which
was also chewed, 10 add the lime while others added lime using a
wooden spatula. If a stick or spatula was used, the inflorescence or
leaf of the piper betle was still chewed. The quid when chewed was
intensely sialogenic and umed bright red. It was usually chewed
for about 15 min and expeclorated when its flavour diminished,
although around a quarier of cases and controls reported swallow-
ing the remnants and around twenty percent reported sleeping with
the quid 1n their mouth on occasion. Only 2 cases and 1 control
reported that they did not usually add lime.

l

I
F

The risks of oral cancer associated with betel quid chewing are
summarised in Table II. Risk of oral cancer was higher in current
daily betel quid chewers. To explore the association with dose of
betel quid the never and exchewers were combined to create a
reference category of nonchewers. There was statistical evidence
of a dose-response association with betel quid consumption
(p 0.016). These associations were essentially unaltered
after adjustment for potential confounders and adjustment for
smoking.

The risk of oral cancer with smoking and betel quid chewing
are compared 1n smokers and nonsmokers and in chewers and non-
chewers in Table I11. The risk was higher in smokers and in betel
chewers and highest in people who smoked tobacco and chewed
betel quid when compared to people who did neither.

Systemanc review and meta-analysis

Fourteen case—control studies were identified® '® that examined
risk of oral cancer associated with chewing betel quid in popula-
tions where betel quid did not contain tobacco. Four were
excluded because they did not report on nonsmokers or did not
adjust for tobacco smoking in the analysis.* Therefore, 10
studies were included in the review together with the results of
the present study.'"™'? These provided a total of 367 cases of
aral cancer in people who were nonsmokers and 2,123 cases of
oral cancer in studies in which smoking was adjusted for in the
analysis.
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Table IV shows characteristics of the studies including numbers
of cases and controls €xposure to betel quid without tobacco and
adjustment for tobacco smoking. The majority of studies were
hospital based. In one study, cases were identified from a popu-
lation cancer registry'® and controls were selected from the
same population. Three other studjes used population-based
controls.

The proportion of oral cancer cases exposed to bete] quid with-
out tobacco ranged from 11 10 92% and from 3 10 86% in controls,
Five studies, including the present one, reported on betel quid
without tobacco chewing in nonsmokers, potential confounding
factors were considered in 2 of these studies. Eight studies includ-
ing the present one reported effect estimates adjusted for smoking
amongst other potential confounders. Al I studies reported di-
chotomous outcomes, 3 TEPOTINg never versus ever and the re-
maining studies yes versus no. |

706%, p = 0.001).

Only 2 swdies, Lu et al."® and the present study, had reported a
dose-response. Both studies demonstrated an increased nsk with
exposure to betel quid after adjusting for the effect of smoking.

TABLE Il - ODDS RATIOS FOR ORAL CANCER ACCORDING
TO BETEL CHEWING AND AMONG CURRENT

DAILY CHEWERS AND SMOKERS
Current daily _ Clrent daily betel chewing

smoking No' Yes
e — S e s

No? OR* 1.00* 1.76
(95% CI1) - (035,892
Cases/Controls 2,20 11, 66

Yes OR* 1.81 4.85
(95% CI) (0.27, 10.89) (1.10, 22.25)
Cases/controls 4,22 107, 272

'Nonbetel quid chewer: this includes never chewers and exchew-
ers.—“Nonsmoker; never-smokers —*Referent category —*ORs adjusted
for age, sex, province, education, urban f rural residence and income.

Discussion

Our study is one of the largest case—control studies of betel quid
without tobacco 1o date, but despite our attempts 10 characterise
the exposures accurately the lack of variation in exposure 1o
tobacco and betel quid reduced our power 1o detect associations

correlated in the present study high prevalence of betel quid
chewing is also likely. Guardians of patients are likely to share
similar attitudes and behaviours  with controls attending as
patients; in particular, friendship may be a determinant of study
€Xposure or visa versa. Although no systematic differences were

TABLE IV - CASE CONTROL STUDIES ASSESSING RISK OF ORAL CANCER AMONG CHEWERS OF BETEL QuiD WITHOUT TOBACCO.
CHARACTER|

ISTICS AND ODDS RATIOS (OR) IN STUDIES OF NONSMOKERS AND THOSE ADIUSTED FOR SMOKING

5;;932:3' Author Comels.  Ibeol mm:g*p.;';,gm) 2‘;;9;: Adjusted OR 95% C1
o A T ———————(ochkewen)  chewing s

Nonsmokers
1962, India Chandra Hsp 181 (25) 326 (22) Yes/no No 1.3 08,19
1966, India, SL Hirayama Pop 40 (33) 142 (28) Yes/no No 1.2 06,26
1976, Pakistan Jafarey Pop 128 (31) 190 (6) Yes/no No 36 24,53
1995, Taiwan Ko Hsp 5 (60) 51(4) Yes/no Yes' 28.2 19,4144
2006, PNG Thomas Hsp 13 (85) 86 (77) Yes/no Yes® 1.8 04,85
Adjusted for smoking
1995, Taiwan Ko Hsp 102 (70) 195 (22) Yes/no Yes® 6.9 3.1,15.2
1996, Taiwan Lu Pop 40 (83) 160 (24) Yes/no Yes* 58.4 7.6,447.6
2000, India Dikshit Pop 32(13) 152 (8) Yes/no Yes® 1.7 0933
2000, Pakistan Merchant Hsp 79 (53) 149 (11) Never/ever Yes? 99 1.8,55.6
2002, India Balaram Hsp 142 (11) 283 (3) Never/ever Yes’ 42 15118
2002, Taiwan Chen Hsp 22 (86) 29 (30) Yes/no Yes® 17.1 23,1290
2003, India Znaor (a) Hsp Never/ever Yes® 26 1.8,3.7
2003, India Znaor (b) Hsp Never/ever Yes® 1.7 10:256
2006, PNG Thomas Hsp 143 (92) 477 (86) Yes/no Yes'? 2. 1.0, 4.]

SL, Sn Lanka; PNG, Papua New Guinea: Hsp, Hospital controls. Pop. populations controls. {a) mouth; (b) tongue. Empty enteries represent
numbers of cases and controls for longue and mouth not reporied (total cases for mouth and tongue combined s 1563, total conrrols 15 3,638).

'Alcohol matched on age and sex—“Age sex centre educanon income urban/rural -—‘Smoking alcohol matched on age and sex,—"Smukjng
alcohol matched on age and sex — Smoking age. -"Smoking lcrgarcllca&qutcuhnl maiched on age and sex.—’Smuking alcohol age centre educa.

tion.~*Smoking age sex.-’Smoking alcohol age sex centre education - !

smoking age sex centre education income urban/rural
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PNG is a heterogeneous culwrally diverse society where over
700 Austronesian and Papuan languages are spoken. The measures
of social aspects of wealth and acculturation used in our study
were necessanly crude but neither smoking nor betel quid chew-
ing were strongly associated with any of these measures and
adjustment for measures of these confounders did not alter the
underlying associations making confounding less likely. It is of
course possible that other unsuspected variables may have biased
the results. 1t may be helpful in future studies to attempt to mea-
sure indicators of traditional lifestyle as well as acculturation. It i1s
unceriain how such cultural factors affect habits such as smoking
and betel quid chewing.

The association we observed with smoking in our study was
strong and there was a dose-response relationship for both smok-
ing frequency and lifeume tar exposure. These ﬁndinlgs are con.
sistent with previous results for increased frequency’ ' and 1ar
and are biologically plausible. The different association we
observed by tobacco type might reflect the hi%h nitrosamine con
tent which is a feature of air-cured tobacco.””** The lower risk we
observed in exsmokers 1s also consistent with the risks reported in
studies in other populations.?**

The relationship we observed with chewing of betel quid was
weaker than that for tobacco smoking. Even so the risk was doubled
in the highest exposure category and again there was evidence of a
dose-response relationship. Only 10 studies have examined the nisk
of oral cancer in populations where betel quid does not contain
tobacco and accounted for the potential confounding effect of smok-
ing tobacco; 4 of these estimated risk in nonsmokers and 7 adjusted
for the effect of smoking in the analysis. Exposure to smoking was
estimated as a dichotomous outcome (yes versus no Or Never versis
ever) in all of these, and the direction of effect was always towards
an increased risk and 1s consistent with the present study. A meta-
analysis of these studies (including the present study) showed evi-

Ficure 1 — Meta-analysis of stud-

"0 ies of betel quid without tobacco.

dence of between study heterogeneity, suggesung that effects vary
and there is still some uncentainty about the magnitude (but prob-
ably not the reality) of the contnbution of betel quid withow
tobacco 1o oral cancer in these populations. The heterogeneity may
be explained in part by the vanation in the proportion of the popula-
tion exposed 1o betel quid without tobacco. In addition dichotomous
outcomes offer only limited evidence of a causal link and ever
chewing betel quid without tobacco does not exclude the inclusion
of tobacco in the quid at other imes. Again, only one of these previ-
ous studies reported a dose-response estimate for betel quid without
tobacco,'® which based on small numbers showed a very large but
imprecise association for the heaviest chewers, (Adjusted OR 275.6
95% C1 14.8, 5106.5). The present study supports the finding of a
dose-response, although the effect size 1s smaller the estimates are
more precise. The value of testing for dose-response trends in judg-
ing causality 1s widely acknowledged, and so the lack of this infor-
mation from so many reports 1s disappointing.

The present study thus adds 1o the lierature as we have con-
firmed the importance of smoking as a dose-related risk factor for
oral cancer. This further highlights the need for effective smoking
prevention and cessation programmes in developing countries. We
have also shown that betel quid chewing 1s associated in a dose-
related manner with increased nsk of oral cancer even in a popula-
tion where the betel quid does not contain tobacco. The finding of
a dose-response adds 10 the only other study reporting a dose
cffect for this exposure. We have previously reported that the type
and use of slaked lime may modify the risk associated with betel
quid chcwing.” It may therefore be that modifications to the com-
position of betel quid could be an effective means of reducing the
risk ol oral cancer, but further studies are required, to assess this
element of the quid. Here, we have extended previous reviews’ by
presenting previously unpublished data and combining this i a
systematic review and meta-analysis.
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Univariate and Multivariate Analysis of Prognostic
Significance of Betel Quid Chewing in Squamous Cell

Carcinoma of Buccal Mucosa in Taiwan

JANG-JAER LEE, pos, ms,"? JIANG-HUE! JENG, pps, pip,"? HSIAO-MEI WANG, #ho,”

HAO-HUENG CHANG, pos, ms,> CHUN-PIN CHIANG, pps, pho,"? YING-SHIUNG KUO, pos, pro,'*

WAN-HONG LAN, pps, pho,"” ano SANG-HENG KOK, pbos, o'
'School of Dentistay, College of Medicine, National Taiwan University, Taipei, Taiwan {
’Department of Dentistry, National Taiwan University Hospital, Taipei, Taiwan
‘Department of Information Management, Ling-Tung College, Taiwan

Background and Objectives: While betel quid (BQ) chewing is clearly the most
avoidable nisk factor of squamous cell carcinoma of buccal mucosa (BMSCC), little is
known about the influence of this habit on the prognosis of BMSCC.

Methods: We surveyed 280 patients with BMSCC who were treated during an 8-year
period in a cohort study to assess the independent predictive value of pretreatment BQ
chewing habit on the prognosis by univariate and multivariate analysis.

Results: We found by univariate analysis that sex, age, clinical stage, smoking, and
BQ chewing significantly affected the patients’ prognosis and only age, clinical stage,
and BQ chewing had significant influence on prognosis by multivariate analysis
(P < 0.05). Further analysis revealed that the prognostic effect of BQ chewing changed
in a dose- and time-dependent manner. The risk of death was 31.4-fold higher in heavy
user (duration >30 years, daily consumption >30 quids, age of start <20 years old)
when compared to those who chewed BQ to a milder degree (duration <10 years, daily
consumption <15 quids, age of start >20 years old ) (P < 0.001).

Conclusions: Pretreatment BQ chewing habit worsens the prognosis of BMSCC in
Taiwan. BQ chewing is a prognostic indicator that can be used in conjunction with
clinical staging to help plan the treatment for the patients.

J. Surg. Oncol. 2005:91:41-47.  © 2005 Wiley-Liss, Inc.

Kevy Worbps: squamous cell carcinoma of buccal mucosa; betel quid;
prognosis; Taiwan

INTRODUCTION

There are geographic vanations in the age of contrac-
tion, sex dominance, and incidence of squamous cell
carcinoma of buccal mucosa (BMSCC) among different
countries of the world [1-6]. Previous studies indicate
that environmental factors play an important role in
the pathogenesis of BMSCC. BMSCC is intimately
related to oral hygiene and the chronic use of local
irritants. It is rare in the United States and Western
Europe, where the major risk factors of oral cancers are
thought to be alcohol drinking and tobacco smoking. In
contrast, BMSCC occurs frequently in India, Southeast
Asia (including Taiwan) and numerous other countries,
where chewing of betel qud (BQ) with or without
tobacco 1s popular [7-10}.

© 2005 Wiley-Liss, Inc.
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In Taiwan, more than one-tenth of the people aged over
15 years old habitually chew BQ at one ume in their life
[11,12]; approximately 80% of all oral cancer deaths are
associated with the habit of BQ chewing. BQ chewers
are predominantly males [1]. The Taiwanese BQ consists
of two halves of a fresh areca nut sandwiched with a piece
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of the inflorescence of Piper betel and lime mixture.
It is completely free from tobacco ingredient. Several
epidemiological  studies have elucidated the relation
between BQ chewing and incidence of oral cancer
(including BMSCC) in Taiwan [1,10,13). According to
the statistics of Taiwanese government, the incidence and
mortality of oral cancer have rapidly increased in the
recent years in parallel with the significant growth in
BQ consumption. BMSCC accounts for nearly half of al]
intraoral cancers in Taiwan and buccal mucosa seems 1o be
the site at greatest risk of contracting malignancy in BQ
chewers [2,10, 14]. It is probably due (o the intimate contact
between the buccal mucosa and the quid during chewing.
The prognosis of BMSCC s generally poor because of
the high incidence of recurrence [6,15-17). Although
significant improvement in the survival time for patients

[3,18], only minimal improvement in therapeutic efficacy
has been made in the ensuing years [4,19]. The progno-
sis of BMSCC following treatment varied significantly
among different countries in the world [5.6,15-17,19].
This indicates that, in addition 10 tumor- and treatment-
related factors, some patient-related risk factors, such as
environmental €xposure, life style, cultural background,
and race, may play a role.

Although the association between various oral habits
(BQ chewing, alcohol drinking, or cigarette smoking) and
the occurrence of oral cancer (including BMSCC) has
been clearly demonstrated by many previous surveys,
only a few studies directly focused on the prognostic
significance of oral habits [20-22]. Johnston et al. [21]
showed that in US, patients with tongue cancer who
chronically used tobacco and alcohol had an increased

not alcohol,
oral SCC. In a study of laryngeal carcinoma, Pradier et al
[22] found that alcohol consumption gave significant,
independent prognostic information about survival To
the best of our knowledge, no attempt has been made 1o
directly examine the effect of pretreatment BQ chewing
on the prognosis of oral cancer, even in countries with
high prevalence of the habit. Qur study was the first of its
kind that assessed the independent effect of pretreatment
BQ chewing habit on the prognosis of BMSCC, the most
common and BQ-related ora] cancer in Taiwan.

MATERIALS AND METHODS

Sampling

The patients with previously untreated BMSCC (ICD.O
codes 145.0,1 and 6) who received definitive surgery with
or without postoperative radiotherapy and chemotherapy

at the Department of Oral and Maxillofacial Surgery,
National Taiwan University Hospital between January
1991 and December 1998 were analyzed. Cases of
carcinomas arising from other locations of the oral cavity
with secondary buccal involvement, or those having
synchronous carcinomas in the upper aerodigestive tract
were excluded. -_—
: Preopern;ive Evaluation

All cases were interviewed in person by well-trained

senior residents and the data were validated by the

or not the interviewee was a habitual drinker (one or more
drinks

evaluation usually included physical €xamination,
examination, roenlgenograg)hy. chest
roentgenography, abdominal sonagraphy, Tc™™ whole
body bone scintigraphy, head and neck computed tomo-
graphy, or magnetic resonance imaging.

The TNM status and clinical stage of each patient were

treatment was ipsilateral or bilateral supraomohyoid neck
dissection in T)_sNp cases; ipsilateral Comprehensive
neck dissection (levels I - V) with or without contralateral
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selective neck dissection in T;_4N, cases; ipsilateral or
bilateral comprehensive neck dissection (levels 1-V) in
T, _4N,_3 cases.

Patients with late stage diseases; metastases 0 more
than one cervical lymph node; extracapsular spread
of nodal tumor; close or involved surgical margin,
perineural or lymphovascular invasion of tumor cell
under microscopic examination underwent postoperative
radiotherapy with er without chemotherapy. ~

Follow-up

The patients were recalled on a regular basis for at
least 5 years. Thdy were advised to quit‘ drinking,
smoking, and BQ chewing after the surgery and the
importance of abstinence was repeatedly reinforced
thereafter. At each recall the patients were questioned
about the status of habit practicing and their mouths were
examined for the presence of dental and mucosal stains
that related to smoking and BQ chewing. Patients who
failed to abstain from one or more of the oral habits were
excluded from the study.

The follow-up period was the duration between the
date of initial surgery and the date of last contact or death
of the patient. Survival status at the ime of last contact
was categorized as alive or dead with disease.

Statistical Analysis

The non-parametric Spearman rank correlation lest
was used to examine the correlation between alcohol
drinking, cigarette smoking, BQ chewing, and other
clinical covariables.

Curves of survival were obtained based on cause-
specific deaths by the use of Kaplan—Meier product-
limit method, and the 95% confidence intervals (CI) were
calculated. Those who survived beyond the end of the
follow-up or lost for follow-up at some point were censored.

Univariate test was first performed to analyze the
prognostic effect of various clinical covariables on death,
by using the Mantel-Cox log-rank test. Multivanate
analysis of the independent prognostic significance of
the covariables was then performed with the Cox pro-
portional hazards regression model after model fitting.

Reported P-values are for a two-sided hypothesis.
In any case, probabilities of less than 0.05 were accepted
as significance. Statistical Analysis System Version 6.12
(SAS Institute, Cary, NC) and Egret Version 1 (Cytel
Software Corp., Cambridge, MA) computer packages
were used for the statistics in the study.

RESULTS
Characteristics of the Patients

Two hundred and eighty consecutive patients were col-
lected for analysis between January 1991 and December
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1998. They accounted for 57.1% of buccal cancer
admissions at the department during the 8-year period.
The major reasons for patient exclusion were recurrent
wmor, death of other causes, not receiving standard
therapy, and poor compliance with the advice of discon-
tinuation of alcohol, BQ and cigarette use after treatment.

At the end of June 2002, the follow-up periods were |
to 136 months (mean 65.5 + 4.4, median 56.7 months).
The age of the patients ranged from 27 to 77 years with an
average of 52.1 £ 1.1 years. The male to female ratio was
10.7 to 1 (256 males, 91% to 24 females, 9%). There was
significant difference in age between male and female
patients (51.1 + 1.1 years vs. 62.3 = 1.8 years, P « 0.05).
Nearly one third of our BMSCC patients were classified
as having stage IV disease (n= 85, 30.4%), followed by
stage 111 (n=283, 29.6%), stage 11 (n =67, 23.9%), and
stage 1 (n=45, 16.1%). BQ chewing was the most pre-
valent oral habit among our BMSCC patients (n =229,
81.2%; 221 males, 8 females), followed by smoking
(n=224, 80%; 221 males, 3 female) and drnking
(n= 148, 52.9%; all males). Patients practicing a com-
bination of oral habits were commonly seen (n =220,
78.6%). The mean age of the patients with the habit of
BQ chewing was significantly younger than that of non-
chewers (50.0 + 1.1 years vs. 61.2 £ 1.9 years, P <0.05).
There was significant correlation between sex and the
oral habits (C.C.=0.324, 0.384, 0.580 for alcohol, BQ,
cigarette habits respectively, all P <0.001). The three
oral habits also showed significant correlation to each
other. Oral habits did not influence the pretreatment
clinical stages of the patients.

Death

The overall 5-year survival rate was 58.5%. Patients
with stage I disease had the highest 5-year survival rate
(83.5%), followed by stage 11 (70.7%), stage 111 (56.6%),
and stage IV (42.0%). Univariate analysis for the pregno-
stic factors by log-rank test of the Kaplan—Meier
estimate identified five variables including sex, age,
clinical stage, smoking, and BQ chewing that signifi-
cantly affected survival (P < 0.05) (Table I). Age, clinical
stage and BQ chewing had independent prognostic value
for survival as shown by multivariate analysis (P < 0.05)
(Table 1).

Synergistic Effect of Drinking, Smoking,
and BQ Chewing on Prognosis

The synergistic effect of drinking, smoking and BQ
chewing on the prognosis of BMSCC patients was
analyzed by Cox proportional hazards regression model
(Table 11). Although there was no statistical significance.
it seemed that patients who indulged in BQ chewing and
one or two of other oral habits had higher adjusted
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TABLE 1. Univariate and Multivariate Analysis of Prognostic Indicators on Survival for BMSCC
Patients
Category S-year
Parameters (number of patienr) survival rate RR" (95% C1) ARR" (95 % C1)
Sex Male (256) 0.558 1.0 1.0
Female (24) 0.875 0.23* (0.07-0.72) 038 (0.10- 1.36)
Age group (years) 21-40 (38) 0.336 1.0 10
41-60 (198) 0557 0.51* (0.33-0.79) 0.53* {0.33—9.85)
N >60 (44) 0.903 0.08% (0.03-0.24) 0.11* (0.04-0.35)
Clinical stage Early stage () 12) 0.745 10 1.0
Late Stage (168) 0.47] 2594 () 69-3.97) 2.89" (1.88 -4.44)
Alcohol drinking No (132) 0.61] 1.0 L0
Yes (148) 0.563 1.28 (0.89- 1.85) 0.93 (0.63- 11.38)
; BQ chewing No (51) 0.841 “10 1.0
Yes (229) 0.529 3.76” (1.84- 1.72) 1L.72* (1.08-3.70)
Cigarerte smoking No (56) 0.676 1.0 1.0

Yes (224) 0.563 160" (1.0]1- 2.68) 0.82 (0.46- 1.45)
Overall 280 0.585
P < 0.05.
"Relative risk on death.

“Multivariage analysis for relative nisk on death afiey adjusting for vaniables in each other.

relative risk (ARR) for death
having only a single habit.
chewed BQ had the Poorest prognosis, fol]
chewers who simultancously smoked.

when compared wi th those
Patients who drank and
owed by BQ

Effect of Different Parameters
Related to BQ Chewing on Prognosis

Since BQ chewers with BMSCC tended to have higher
risk of i

TABLE 1. Synergistic Effect of Oral Habits on the Prognosis of

BMSCC Patients

Number of ARR
Habit (s)* patient (death)® (95 % CI) P-value
No habit 18 1.00

A 5 1.23 (0.21-11.34) 0.68
B 19 1.31 (0.26-6.58) 0.75
C 18 0.87 (0.14-5 29) 0.88
A+B I 1.94 037-1022) 043
A+C 10 0.55 (0.35-6.78) 0.63
B+C 77 1.72 (0.06-6.12) 0.48

A+B+C 19 1.53 (0.35-6.87) 057
*A. alcoho] drinking: B, bere] quid chewing; C, Cigaretie smoking
*Multivariate analysis for relatjve nisk on death afier adjusting for
climcal stage and age

(ARR = 333, P= 0.004), consumed
more than 30 quids daily (ARR = 5.29; P <0.00] ) or fel]
into the habit a an age younger than 20 (ARR =3 68
P =0.002).

The synergistic effect of duration, daily consumption

and beginning age of BQ chewing on Prognosis of

was 31.4-fold higher j
duration 30 years, daijl
beginning age <20 years
practice duration <10

quids and beginning age

n BQ chewers with practice
¥ consumption >3( quids and
when compared 1o chewers with
years, daily consumption «)5
>20 years (P<0.001).
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TABLE 1. Effect of Different Parameters Related to BQ
Chewing on the Prognosis of BMSCC Patients

BQ chewing status

(number of patient) ARR® (death) (95% CI)  P-value
Non-user (51) 1
Duration of BQ chewing
<15 years (34) 1.20 (0.44-3.26) 0.72
15-30 years {146) 1.29 (0.58-2.87) 053
=30 years (49) - 333(1.46-7.58) 0.004
Daily consumption of BQ
<15 quids (42) 0.20 (0.04-0.96) 0.04
15-30 quids (107) 1.50 (0.63-3.57) 037
>30 quids (80) 5.29 (2.23-12.57) <0.001
Age beginning BQ chewing i /
<20 years old (77) 368 (1.61-8.39) 0.002
>20 years old (152) 1.16 (0.51-2.61) 0.73

*Multivanate analysis for relauve nisk on death after adjusting for
clinical stage, age, dnnking, and smoking.

DISCUSSION

The majornty of our BMSCC patients (81.2%) had the
habit of BQ chewing. Most of the 280 patients (91%)
were male and 86.3% of the male patients were BQ
chewers. In contrast, only 33.3% of the female patients
chewed BQ habitually. It is noteworthy that the average
age of onset of BMSCC was 11.2 years earlier in male
than in female, and also 11.2 years earlier in BQ chewers
when compared with non-chewers. The statistics implied
that in Taiwan the pathogenesis and nisk factors associated
with BMSCC are different between BQ chewers and non-
chewers and the impact of BQ chewing on the
development of BMSCC was confirmed. In western
countries, the incidence of BMSCC is low and smoking
and drinking are well-established risk factors for the
disease [3,7]. It is interesting to find out that in the non-
BQ chewing countries, there is no significant sex
predilection in BMSCC and the average onsel age is
comparable to that of the non-BQ chewers in our study,
that is, about 10 years older than that of the chewers [3—
5.7.19].

Although drinking, smoking, and BQ chewing have
long been condemned as risk factors for oral cancers,
the influence of these habits on the prognosis of the
disease was less well studied. A few studies [20-22] from
the western countries have aimed at the prognostic impact
of smoking and drinking on oral cancers but the influence
of BQ chewing as a prognostic indicator has not been
studied before. Our study 1s the first that demonstrated,
in an area with a high prevalence of the habit, BQ
chewing associated not only with the development of oral
cancers, but also with the course of the disease. The aim
of the study was to evaluate the influences of pretreat-
ment oral habits on the prognosis of BMSCC and patients
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Fig. 2. Overall 5-year survival curves in 280 BMSCC patents.
(A) according to duration of BQ chewing ((log-rank test= 2644,
P < 0.001). (B) according to daily consumption of BQ chewing (log-
rank 1est=102.79, P < 0.001). (C) according to beginning age of BQ
chewing (log-rank test = 77.75, P < 0.001).

who failed to quit the habits were excluded. Further
investigation is needed if the effects of continual habit
practicing after treatment are considered. A much larger
sample size is required for such analysis since there are
three oral habits under consideration.

Univanate analysis in our study identified sex, age,
clinical stage, smoking, and BQ chewing were associated
with the prognosis of BMSCC patients. With multuvariate
analysis, only age, clinical stage, and BQ chewing were
shown to have independent prognostic value. Most of the
BQ chewers were male and a majority of them also got the
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TABLE 1V. Synergistic Effect of Different Parameters Related to BQ Chewing on the Relative Risk of Death for BMSCC Patients
Beginning age
(number of patient) >20 years old (152) <20 years old (7

S i ) s S -

Duration

(number of patient) <I5 years (26)  |5- 30 years (117) 30 years (9) <15 years (8) 15-30 years (29) >30 years (40)
Daily consumption

(number of patient) ARR* (P-value) ARR (P-value) ARR (P-value) ARR (P-value) ARR (P-value) ARR (£-value)

<15 quids (42) 1.00 1.19 (0.62) 2.24 (0.08) 0.63 (0.09) 0.76 (0.54) 1.42 (0.58)
15-30 quids (107) 5.97 (0.02) 7.12 (0.02) 13.37 (0.002) 3.79 (0.09) 4.52 (0.08) 8.48 (0.02)
>30 quids (80) 22.08 (<0.001) 26.34 (<0.001) 4946 (<0.001) 14.01 (<0.001) 16.70 (0.001) 31.37 (<0.001)
‘Multivaniate analysis for relative risk on death after adjusting for clinical stage, age, drinking, and smoking. /

habits of smoking and drinking. Therefore, the prognostic
impact of sex and smoking as demonstrated in the
univariate analysis may possibly be ascribed to the
confounded effect of BQ chewing.

The findings in our study are apparently different from
those of western countries where smoking and drinking
are important prognostic indicators of ora] cancers [20-

explanation is that oral cancers associated with BQ
chewing are probably more aggressive. The biological
effects of BQ may be stronger than those of drinking and
smoking and the influences of the latter are overwhelmed.
In support of this view, it was found that the incidence of
BMSCC is much higher in areas where BQ chewing is
popular [8-10] and BQ chawers have a higher risk of
contracting oral cancers when compared to those who
only smoke or drink [1,13]. Furthermore, BMSCC attacks
BQ chewers significantly earlier than it attacks the non-
chewers.

Although drinking and smoking did not correlate
significantly with the prognosis of BMSCC, in the study
we found that the risks of death tended to increase in BQ
chewers who simultaneously smoked and/or drank as
compared to those who got only the habit of BQ chewing,
Drinking and smoking may act Synergistically with BQ
chewing to affect the prognosis of BMSCC patients,
However, the mechanism of the interaction of these
agents is unknown and further investigation is needed.

The independent effect of BQ chewing on the Prognosis
of BMSCC suggests that, in addition to its etiologic role,
BQ chewing also influences the tumor-host relationship
as the disease progresses.  Previous  studies  in
our laboratory discovered that the expression of p53,
PCNA and p21™ was often higher in oral cancers and
precancerous lesions from BQ chewers as compared 10
that of non-chewers [24-27]. Lee et al. [28] showed that
the average proportion of deleted mDNA was signifi-
cantly higher in non-tumor oral tissues from BQ chewers

comparing to those of non-chewers. Chen et a). [29]
found a high frequency of safrole-like DNA adducts in
BQ-associated oral Squamous cell carcinoma (OSCC)

[30] that predisposes the patients 1o
local recurrence and Cancer-related death. For this reason,
it is thought that a wide safety margin in the surgery,
Postoperative irradiation, and a recall program reinfor-
cing the abstinence from BQ chewing may help improve
the prognosis of BMSCC for BQ chewers,

Besides its direct effects

person
profiles [31-34). The frequencies of
sister-chromatid exchange and chromosome aberrations
in peripheral lymphocytes were significantly elevated in
betel and tobacco chewers than in
Hsu et al. [33] proved that arecoline (a major alkaloid of
betel nut) influences cytokine production by mononuclear
cells. Moreover, Balaram e 3] [34] found that the
immunorcgulatory status correlated i
nosis of patients with oral cancer. On ’
chewing may induce nutritional deficiency [35,36] that in
turn worsens the prognosis of the patients.

In the study, we found that the Prognostic effect of
dose- and time-dependent.
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higher risks of death as compared 10 those who acquired
the habit at an older age. The findings have significant
implications in making public health policy. The govern-
ment should do everything it can to prevent the younger
individuals to get into the habit.

In conclusion, the study found that in addition to

clinical stage, pretreatment BQ chewing has independent
prognostic value for BMSCC in Taiwan. BQ chewers
have higher risk of cancer-related death.BQ chewing is a
prognostic indicator that can be used in conjunction with
clinical staging to help plan the treatment for the patients.
The results also demonstrate that the prognostic effect of
pretreatment BQ chewing is dose- and {jme-dependent.

i
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Risk of oral cancer associated with human papillomavirus infection, betel quid
chewing, and cigarette smoking in Taiwan--an integrated molecular and

epidemiological study of 58 cases.

Chen PC, Kuo C, Pan CC, Chou MY.

mucosal specimens from 29 patients without 0SCC. Their betel quid chewing and cigarette smoking histories were

also reviewed.

univariate analysis. HPVg and 11 were not. Multivariate analysis showed that HPV16 infection (adjusted Odds ratip =
11.20) and betel quid chewing (adjusted Odds ratio = 17.06) remained to be independent factors for OScCcC.

CONCLUSIONS: Our results showed that HPV16 and betel quid chewing were

two major risk factors for OSCC in

Taiwan, indicating that they act through different mechanisms in the pathogenesis of 0oscc.
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Betel quid chewing, cigarette smoking and alcohol consumption related to oral
cancer in Taiwan.

Ko YC, Huang YL, Lee CH, Chen MJ, Lin LM, Tsai CC.

School of Public Health, Kachsiung Medical College, Taiwan, Republic of China.

i
Abstract

A hospital-based case-control study of matched pairs was conducted to explore {(a) the relationship between the use
of betel quid chewing, cigarette smoking, alcohol drinking and oral cancer and (b) synergism between these factors.
The case group consisted of 104 male and 3 female oral cancer patients and these were compared with 194 male
and 6 female matched controls. We found by univanate analysis that alcohol consumption, smoking, betel quid
chewing, educational level and occupation were associated with oral cancer. The adjusted odds ratios were to be
found elevated in patients who were smoking and betel quid chewing. After adjusting for education and occupation
covariates, the incidence of oral cancer was computed to be 123-fold higher in patients who smoked, drank alcohol
and chewed betel quid than in abstainers. The synergistic effects of alcohol, tobacco smoke and betel quid in oral
cancer were clearly demonstrated, but there was a statistically significant association between oral cancer and betel
quid chewing alone. Swallowing betel quid juice (saliva extract of betel quid produced by chewing) or including

unripened betel fruit in the quid both seemed to enhance the risks of contracting oral cancer.
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Risk factors for leukoplakia and malignant
transformation to oral carcinoma: a leukoplakia cohort ~
in Taiwan

MN Shiu’, THH Chen', SH Chang' and Ly Hahn?
‘Graduate Institute of Eﬂ-dem-'ology, College of Public Heaith, and School of Dentistry, College of Medicine, National Taiwan University, Taipet, Taiwan

smoking on the occurrence of leukoplakia were 17.43 (95% CI 1.94—156.2?} and 3.22 (95% | 1.06-9.78), respectively. Simiiar findings were ™
observed when daily I’requency and duration were taken into account This implies that cessation of smoking may reduce by 36% leukoplakia
Cases, while elimination of betel nuts may prevent 62% of leukoplakia and 26% of malignant transformation to oral carcinoma in the

In Taiwan, the mortality from oral cancer has increased from 36 plakia, taking the daily frequency and the duration of three factors
per 1000 in 1971 10 6.4 per 100 000 in 1994 Prevention of ora Into account: and (2) 10 assess the mpact of relevant risk factors
cancer seems imperative, [t 1s not feasible 1o detect ora) cancers on malignant transformation o oral carcinoma, using samples =
early (Silverman, 1988; Shanta and Kn'shnamunhi, 1980) and from centain Chinese people in Tajwan.

programmes 1o eliminate nsk factors may become important MATERIALS AND METHODS _—

(Wamakulasuriya and Johnson, 1996). Previous studies have
demonstrated that smoki ng was highly associated with leukoplakia
(Bouquot, 1987: Roed-Petersen, 1982; Brugere e al, 1986; According 10 the WHO definition, a clinjca diagnosis of Jeuko-

Study design and subject selection

Evstifeeva and Zandze, 1992) by whether bete] nut — containing plakia is a keratotic white plaque that €annot be scraped off and ==

arecoline, hme and piper (one kind of pepper) — was significantly Cannot be given another specific diagnosis. Oral cancer js classi-
related to leukoplakia has not been fully addressed. Since the fied by the ICD into Categones of lip, longue, gum, mouh floor,

consumption of betel nut jn Taiwan has been Increasing, elucida- buccal, palate, oropharynx, hypupharym (Intemnational Code of

tion of any associalion s becoming Increasingly important. The Disease, ICD 140-149, excluding 142 147).

association between alcohol consumption and leukoplakia is also A total of 580 cases of leukoplakia diagnosed between June 1988

inconclusive (Blot ctal, 1988: Brugere et al, 1986; Evstifeeva and and February 1998 4 one medical centre ip Taiwan were ascer-

Zandze, 1992). tained, Of these, 145 patients who were subsequcmly diagnosed as
Previous studies have shown a wide range of rates of malignant having lichen planus, ora) ulcer, infection, ora) candidiasis or skin

transformation of leukoplakia (0] 3-36.4%) (Pindborg et al, 1968§; leukoplakia were excluded leaving 435 subjects in the leukoplakia
Roed-Petersen, 1971; Banoczy, 1977, Gupta e al, 1980, cohort on which two parts of this study were baseq (Figure 1), pany
Silverman et al, 1984; Bouquot ct al, 1988). This suggests that the A was 1o follow up the leukoplakia cohort 10 estimate the incidence

mmpact of putative risk factors may vary between different popula- of malignant transformation and relevant risk factors. Of the 435
tions. The aims of this study were (1) 1o evaluate the effects of patients, 60 ora] carcinomas were identified, among which only 4%,
betel nut chewing, smoking and alcoho) use on the nsk of leuko- had a different location from the leukoplakia. |p order 1o Study
factors accounting for malignant transformation information was
Received 1 September 1999 abstracted from the medical chart on date of diagnosis, location of
Revised 7 December 1999 leukoplakia and nisk factors at time of leukoplakia diagnosis, such
Accepled 11 January 2000 as betel nut chl:wing, smoking and alcoho] use These vanables
Correspondence to THH Chen, Gy aduate Instiute of Epig emiology, College were routinely recorded in the medical chart
of Public Health. National Taiwan University. Room 213, No 18 Hsuchow Roag Part B was 10 clucidate the association between sk factors and
Toipel, Tovan leukoplakia using a matched case—control study. A ota] of 100
1871
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Leukoplakia cases Part A Oral cancer
n=435 n=60
—— e
Random Periodontal
sample disease
Random
sample
Cases PanB Controls
n =100 Matching n= 100 |

i
Figure 1 The study design on factors affecting the risk leukoplakia and
malignant transformation

leukoplakia cases were randomly selected from the above leuko-
plakia cohort. Each case was matched to one control for age
(+ 3 years), sex and date of diagnosis (+ 3 months) derived from a
total of 25 882 patients with a diagnosis of periodontal diseases in
the same period and hospital as the study group. All cases and
controls were free of oral cancer. Since information on risk factors
such as betel nut chewing, smoking and drinking for the control
group could not be completely obtained from medical charts we
collected information via telephone interview. We also inter-
viewed 68 out of 100 leukoplakia case-control pairs to check
whether information from the medical chart was consistent with
that from telephone interview. Reasons for non-participation
included: not at home after three calls, wrong telephone number
and refusal. Each participant was asked to provide information on
the three risk factors, categonized as: current, former and never.
Duration and daily frequency for each nsk factor were also
collected. A product of duration and daily frequency was defined
as the intensity for the current and the former groups. The high or
low intensity was categorized according to the median value for
each nsk factor. It should be noted that since there was a variety of
types and brands for the drinkers, 1t was very difficult to define the
dose per day. For alcohol use, only information on daily frequency
was asked in telephone interview.

Statistical methods

For Part A analysis, an accelerated failure time (AFT) model
(Marubini and Valsecchi, 1995) was used to estimate the nisk of
malignant transformation and the association with the location of
leukoplakia, betel nut chewing, smoking and drinking. Two para-
metric models including exponential and Weibull models were
employed. All leukoplakia cases were followed until February
1998.

In the analysis of Pant B, a conditional logistic regression was
performed to investigate the relationship between betel nut
chewing, smoking, alcohol drinking, and the occurrence of leuko-
plakia. The odds ratio (OR). together with exposure information
denved from a previous population-based survey (Lee and Chen
1999), gave the population attrnibutable proportion (PAR) for cach
nsk factor (Breslow and Day 1980)

British Journal of Cancer (2000) 82(11) 1871-1874
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Figure 3 Cumulative risk of malignant transformation by betel nut chewing

RESULTS

Malignant transformation from leukoplakia to oral
carcinoma

Figure 2 shows that the incidence of malignant transformation in
patients with leukoplakia increases with duration of follow-up.

The univanate analysis based on the Weibull model examined
whether risk of mahgnant transformation depends on betel nut
chewing, smoking, alcohol use and location of leukoplakia. The
cumulative nsk stratified by these variables was calculated.
Figure 3 reveals that those who chewed betel nut were nearly
four times more likely to develop malignant transformation than
those who did not (OR = 3.79, 95% confidence interval (CD)
1.20-12.24). Other significant factors influencing malignant trans-
formation include location around the tongue (OR = 3.65, 95% CI
1.09-12.25) and smoking (OR = 2.34, 95% C1 0.62-8.93).

Results from the multivanate analysis (Table 1), which incorpo-
rates significant factors in the above univariate analysis plus age
and sex, show that betel nut chewing still remains a significant nsk
for malignant transformation. The hazard rato for chewing betel
nut was 4.59 (95% CI 1.25-16.85) after adjustment for age and
sex. However, the effect of smoking and location on malignant
transformation is not significant after adjustment for other
factors.

Risk factors for leukoplakia

Table 2 shows that the group of current betel nut chewers had a
26-fold mgher (95% C1 3.27-204.00) risk for leukoplakia than that
of the *never’ group. The OR for the occurrence of leukoplakia n

© 2000 Cancer Research Campaign



Risk factors Odds ratio 95% C1
Location

Tongue 1.54 024-973
Buccal 030 0.05-1.72
Alreola+lip 057 0.06-583
Others 1
Betel nut chewing
Yes 4.59 1.25-16.86
No - 1 -
Cigarette smoking
Yes 238 062-9.05
No 1

the current smokers was 5.42 (95% (] 2.17-13.80). The frequent
alcohol users had an ninefold (95% (] L.11-68.7) nsk for
leukoplakia compared 1o ‘never’ group,

With respect to Intensity,
ships were observed for three

Cl
2.44-408.00) higher than that in the “never' group. The corre-

sponding figure in the Jow Intensity group was |6 (95% CI
1.37-137.00). As regards smoking, the high ntensity group was
five times more likely to develop leukoplakia than never smokers
(95% CI 1.73-1 7.20), whereas for the low intensity group
compared with the never EToup was 3.68 (95% (] 1.20-11.20).

Risk factors for leukoplakia and oraj cancer 11_3

Table 3 presents the results of multivanate analysis afier adjust-

and tobacco in the high intensity group were 23 45 (95%
1.44-351.42) and 3.09 (95% C1 0.93—]0.34} respectively. T

effect of alcohol on the occurrence of leukoplakia disappeared,
after adjustment for bete] nut chewing and smoking.

—
-

Cunsistency of exposure information

Consistency of ¢xposure information between the medical chos
and telephone interview was checked. A good agreement w,

demonstrated by Kappa statistics (all Kappa values greater tha.,
0.6). To establish whether two different Procedures for obtaining

Discussion

A leukoplakia cohort study and the derived matched case-contro]
were designed to elucidate the effect of bete] nut chewing,__
smoking and alcohol use on the three-state natural history of ora

Table 2 Univariate analysis of the efiect of cigarette smoking, betel nut chewing and alcohol use on the incidence of leukoplakia
R e
Odds ratio (95% ci)
= - -_—
Risk factyor Status classification Intensity classification
Never Former Current Low High
Cigarette smoking 1 203 542 368 545
(0.61-6.75) (2.17-13.80) (1.20-11.20) (1.73-17 20) n
Betel nut chewing 1 irs 2585 15.61 3155
(0.61-23.30) (3.27-204.00) (1.77-137.00) (2.44-408.00)
Never Occasional Frequent
Alcohol use 1 063 8.66 -
(0.11-3 65) (1.11-68.70)
Table 3 Multivariate analysis of the effect of aicohol use, bete! nut Chewing and cigarette Smoking on the incidence of leukoplakia, adjusteq for the eflects of
three factors on each other
Odds ratio (95% ci) -—
Risk factor Status classification Intensity classification -
_— _\—_ _—
Never Former Current Low High
Cigarette smoking 1 1.04 322 1.67 3.09 ® |
(0.24-4 59) (1.06-9.78) (0.45-6 25) (0.93-10.30)
Betel nuts chewing 1 2.38 17.43 9.06 22.49
(0.34-16 75) {1.94-1562?) (1.00-81.84) (144354 00)
Never Occasionat Frequent
Alcohol use 1 028 3.00 "
(0.03-2 56) (0.27-33 50)
© 2000 Cancer Research Campaign Bntish Journal of Cancer (2000) 82¢1 7). 1871-1874
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leukoplakia, it may not be a main contributory cause for malignant
transformation. If the prevalence of smoking and betel nut
chewing among the general population are estimated as 26% and
10% (Lee and Chen, 1999), respectively, this information plus
ORs reveals that eliminating the habit of betel nut chewing may
reduce the occurrence of leukoplakia by 62% and reduce the rate
of malignant transformation by 26% in the underlying population.
The corresponding figures for the elimination of smoking were
36% and 26% respectively. Thus, a pnimary prevention program
designed to discourage people from betel nut chewing and
smoking seems crucial.

Second, as the likelihood ratio test between the exponential
model (constant hazard) and the Weibull model (increasing
hazard) was statistically significant (¢*, = 4.30, P = 0.038)
(Figure 2) this implies that the incidence of malignant transfor-
mation from leukoplakia increases with time. Increased nisk
associated with increasing duration after diagnosis was most
marked for leukoplakia in subjects with the habit of betel nut
chewing. This might reflect the fact that the proportion of leuko-
plakia among individuals who chew betel nut also increases year
by year.

Few studies have reported on the association between betel nut
chewing and leukoplakia or the effect of betel nut chewing on
malignant transformation. Only Silverman et al (1984) reported a
statistically significant relationship between Pan (a mixture of
tobacco and betel nut) and malignant transformation. However,
as chewing betel nut in our study did not involve a mixture
of tobacco, it is difficult to compare our results with Silverman
et al.

A significant positive association between smoking and leuko-
plakia is consistent with previous reports (Evstifeeva and Zandze,
1992; Kulasegaram et al, 1995). Our finding of a dose-response
relationship is also in agreement with the study by Kulasegaram
et al (1995).

The increased risk of malignant transformation with time in this
study is at odds with the previous report that this decreased with
time (Silverman et al, 1984). Three possibilities may be relevant.
First, the histological distribution of leukoplakia in this study may
be different. A persistence of betel nut chewing in leukoplakia
cases in Taiwan may provide a second explanation. Third,
different treatments might also affect the rate of transformation.

With respect to malignant transformation, only 4% of our
leukoplakia cases did not have the same location as oral carci-
noma. Such cancers may onginate from other sites of leuko-
plakia but their small number is unlikely to have affected the

results.

British Journal of Cancer (2000) 82(11). 1871-1874
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In conclusion, this study finds that betel nut chewing is a major
nsk factor not only for the occurrence of leukoplakia but also for
malignant transformation. We esumate that elimination of betel
nut chewing would prevent 62% of leukoplakia and 26% of
mahgnant transformation.
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Risk of betel chewing for oesophageal cancer in Taiwan

M-T wu'23 y¢ Lee‘,Cy Chen®, P-w Yang*, C-J Lee*, D-C Wu', HK Hsu?, CK Ho™, E-L Kao® and J-M Lee*
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Oesophageal cancer is the 11th leading cause of cancer deaths in
Taiwan, the 6th among males (DOH/ROC, 1999) and in 1999, the
age-adjusted mortality rate was 3.93 per 100 000. Cigarette

Areca (betel nut) chewing, is a major addiction in Southeast
Asia, especially in India and Taiwan. Although the effect of betel,
with or without tobacco, on ocsophageal cancer risk has been
studied in India (Jussawalla, 1981; Nandakumar et al, 1996), this
has not been done in Taiwan, where areca, or betel, is most often
chewed with lime and piper betle influorescence (Chen et al,

MATERIALS AND METHODS
Selection of cases and controls

Cases were histologically confirmed ocsophageal squamous-cel]
carcinoma from the Department of Chest Surgery at National

interview between July, 1996 and October 2000.

Subjects were interviewed by a trained interviewer using a stan-
dardized questionnaire. Informed consent was obtained from all
subjects. Information on habitual substance use included whether
the subject had ever been a habitual betel chewer, cigarette smoker,
or alcoholic beverage dninker, what year the subject started and
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ubjects who chewed from 1 t0 495 betel-year and more than 495 bete)-

= 1.3-10.1) and 9.2-fold risk (95% Ci = 18-46. 7). respectively, of
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quit, the duration of consumption, the daily amount consumed, and
type of alcoholic beverage consumed. Subjects who reported
smoking more than 10 cigareties per week for at least 6 months

Spirits more than once a week for at least 6 months were defined as

Statistical analysis

Lifetime consumption of tobacco was calculated by multiplying
the number of packs per day by the number of years smoked,
giving pack-years. Lifetime consumption of betel quid was calcu-

hon (each as defined above) as baselines and compared these base-

There were 27] pathology-proven cases of ocsophageal squamoys-
cell carcinoma ar National Taiwan University Hospital between
July, 1996 and October, 2000 46% (77/167) of the non-recruited
patients were found to have distant metastasis in this study,
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the risk of contracting oesophageal cancer increases after about
age 65 years, the patients were categorized as 65 years or younger
and over 65 years for subsequent analysis, the risk of developing
oesophageal cancer in the latter group increasing markedly. The
relationship between lifetime consumption of all 3 substances and
oesophageal cancer risk also increased sharply, Although there
were instances of higher dose users showing a small decline in
risk, the observations were relatively few and insignificant. For
example, only 8 and 7 observations in the groups of heavy smokers
and heavy chewers had a relatively low nisk for oesophageal
cancer, but they still had a higher nsk than those who did not
smoke or chew (Figure 1).

We also examined the effect of lifetime consumption of the
substances on oesephageal cancer risk. The median cut-off points
for lifetime consumption of these substance were 30 pack-year for
cigarette smokers, 495 betel-year for areca chewers, and 1220
gram-year for alcoholic beverage drinkers. The group that chewed
495 betel-year chewed an average of about 20 betel quid per day
for 20 consecutive years. The group that consumed 1220 gram-
year consumed an average of four 300-350 c.c. cans of beer (5%
alcohol) per day for 20 consecutive years. In the final regression
model, we found that education levels and substance use,
ncluding cigarette smoking, betel chewing, and alcohol consump-
tion, were significant risk factors of oesophageal cancer (Table 2).
After adjusting for other covariates, subjects who consumed 1-495
betel-year and more than 495 betel-years (about 20 betel quid per
day for 20 years) were found to have a 3.6-fold (95% Cl1 = 1.3-10. 1)
and a 9.2-fold (CI 1.8-467) nsk, respectively, of developing
oesophageal cancer, compared to those who did not. For cigarefte
smoking, subjects who smoked more than 30 pack-year had 2 3.2-

© 2001 Cancer Research Campaign
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Table 1 The effect of ce use in cesophageal cancer with adjustments for other polential confounders
Number of substance use Cases n (%) Controls n (%) ORI (35% C1) OR2 (95%CI)
o 16 (15.4) 140 (50.5) 10 1.0
1 14 (13.5) 91 (32.9) 18 (08,42) 15 (06.38)
2 36 (34 6) 37(13.4) 123 (56.27.2) 124 (51,297)
3 38(36.5) 9(33) 639  (237.1719) 392 (132 116.1)
DRI'aﬂmad’psl’nqiotnge[355n_565y)amgenda_DRZaﬂuau;usunglofage (> 65 vs. < 65 y), gender, education o2
W.mmm.wmmg@eﬂw_ -
whereas only 20% (21/104) of the recruited patients were found to - &0
have distant metastasis, a significant difference (P < 0.001). 24 » }
The mean age range of the 104 oesophageal cancer patients and $ 5 l.'. . 40
277 controls were 39-84 (mean 60.6) and 38-81 (mean 62.6) g2 . s
years, respectively. Table | shows the odds ratios for the combined 2, & S = 20
effect of these substances on oesophageal cancer after adjusting 3 s 3
for other covanates. It was found that the higher the number of 12 la - 10
1 1 B e e Ty ——
substances used concurrently, the hagl.m- the risk for oesophageal T e s e o 5
cancer. Compared to those who abstained from these substances, o) »
subjects who consumed 1, 2 and 3 substances concurrently had hor e RO Gck year)
1.8-, 12.3- and 63.9-fold risk of oesophageal cancer, respectively
(95% CI = 0.8-4.2, 5.6-27.2 and 23.7-171.9) after adjusting for 25 k] 60 8
age and gender. The findings remained similar after further 20 50
adjustment for educational levels, tea consumption and intake of 8 g 2 a0
green vegetables. However, we did not find any significant interac- = £ x ‘
tion or joint effect between any 2 of these 3 substances (data not 2 ¥ /“ . g »
shown). 5 / 5% 10 '
The smoothing plots of age and lifetime consumption of the o 0 {g—"""
substances after adjusting for educational levels, tea consumption, 0 500 1000 1500 2000 0 2000 4000 6000 8000
and intake of green vegetables are presented in Figure 1. Because Areca (betel-year) Alcohol (gram-year)

Figure 1 wwmuwmmma
mwdm.arm.mm,mmmw
mmlmmmminadmhm.mww.lu
consumption, and intake of green vegetables (6 obser of alcohol
(gram-year) > 10 000 and odds ratios > 100 were discarded)

Table 2 Predictors of oesophageal cancer with substance use and other
covarnales

Variables OR1 (95% Cl) OR2 (95% ci
Age (in years)

>65vs <65 10 (05,22)
Gender

Female vs male 21 (07.69)
Educabon levels (number of years)

1-9 vs. none 01 (005.04) 02 (D08, 08)

2 10 vs. none 005 (002.0.1) 009 (0.03.03)
Cigarette smoke (pack-year)

< 30 vs none 16 (07.35) 18 (08, 4.3

> 30 vs. none 32 (15.68) a7 (16.8.7)
Aseca chewng (betel-year)

<495 vs none 36 (13,101) 37 (13,109)

> 495 vs none 92 (18.467) 94 (18, 48 3)
Alcohol consumption (gram-year)

< 1220 vs none 20 (09.46) 22 (09 51)

> 1220 vs. none 97 (43,220) 98 (42 226)
Tea consumption (> 1 ime per week )

Yes vs no 06 (03.13)
intake of green vegetables (> 1 tme per wesk)

Yes vs. no 03 (009,12

fold nsk (95% Cl = 15 6.8), compared to those who did not
smoke. Compared to those who did not drink. subjects who

Bntish Journal of Cancer (2001) 85(5), 658-660
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consumed more than 1220 Bram-year of alcohol (abour 4 cans of
beer per day for 20 years) in a lifetime had a 9.7-fold risk for

1991; Ko et al, 1995). The
chewing betel nut Wrapped in betel leaf seemed 10 be less of an
oral cancer risk than the combination of bete] nut, piper betle
influorescence and lime paste.

We found a combined effect of consuming cigarettes, areca, and
alcohol on oesophagus cancer risk, but not a significant joint or
synergistic effect caused by any two of the substances. this might

Bntish Journal of Cancer (200 1) 85(5). 656-660
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Nutritional risk factors in esophageal cancer.

Nayar D, Kapil U, Joshi YK, Sundaram KR, Srivastava SP, Shukla NK, Tandon RK.

Department of Human Nutritioa and Institute of Rotary Cancer, All India Institute of Medicai Sciences, Ansari Nagar,

New Delhi 110 029.

ABstract
OBJECTIVE: The present case-control study was undertaken with the objective to study the nutritional risk factors
associated with esophageal cancer.

METHODOLOGY: One hundred and fifty diagnosed esophageal cancer patients and an equal number of healthy
individuals constituted the patient and control groups, respectively. Dietary consumption pattern during the preceding
20 years prior to the diagnosis of esophageal cancer was assessed utilising the standard food frequency
questionnaire method. Information on alcohol consumption, smoking habits, chewing of betel leaf with tobacco was
also collected.

RESULTS: Multivariate analysis revealed that the risk of esophageal cancer was 7.81 times (p < 0.01) higher with
daily consumption of alcohol. The risk increased to 3.16 times (p < 0.01) with the daily habit of chewing of betel leaf
with tobacco. Nearly a two fold risk was observed when the consumption of "other vegetables" was less than four
times per week. A 1.95 times (p < 0.01) increase in risk was observed with the daily habit of bidi smoking.
CONCLUSION: Cancers in general are multifactorial in origin, and several environmental interactions are possible. |t
is not easy to quantify the contribution of diet to cancer risk. However, the results of the present study suggested that

nutritional factors do play a role.
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approximate level of the TS vertebral body (32cm). Lower-third
lesions extended from 32cm to the gastro-oesophageal junction
(40 cm). If the lesion involved more than one-third, both locations
were recorded. The American Joint Committee on Cancer (A]JCC)
staging system was used (AJCC, 1988).

Statistical analysis

Unconditional logistic regression assessed the association between
cancer location and substance use. Lesions in a given oesophageal
third were compared to the remainder of the oesophagous.

For substance use, we used no cigarette smaking, no areca
chewing and no alcohol consumption as baselines and compared
these baselines to lifetime consumption. Users of substances were
subdivided into two groups based on median levels of substance
use. Lifetime consumption of tobacco was calculated by multi-

i

Oesophageal cancer, areca chewing and smoking
M-T Wu et al

plying number of packsday™' by the number of years smoked,
yielding pack-years. Lifetime betel consumption was calculated by
multiplying the average number of betel quidsday ' by the
number of years chewed, yielding betel-years and alcohol by the
number of years alcohol had been drunk (Wu er al, 2001).
Variables in the models included age (>65 and <65 years),
educational level (> college, high school and < elementary school)
and substance use (tobacco, alcohol and areca). All P-values were
two-sided.

RESULTS -

In total, 18.5% (57 out of 309), 41.7% (129 out of 309) and 26.5%
(82 out of 309) of cancer lesions were located in the upper, middle
or lower third of oesophagus, respectively (Table 1); 3.6% (11 out

i

Table 2 Relationship bf substance use with stte of oesophageal cancer (n= 309)

Upper third Non-upper third
Yariables n (%) n (%) OR (95% CI) AOR (95% CI)
Cigarette smoking (pack-years)
Nonsmokers 11 (145) 41 (159) 1.00 100
<35 30 (395) 114 (44.2) 1.29 (045- 365) 131 (041-421)
>35 35 (460) 103 (399) 1.78 (0.64-500) 1.99 (063-624)
Areca chewng (betel-years)
Nonchewers 43 (56.6) 162 (62.8) 1.00 1.00
<400 14 (184) 63 (244) 0.94 (047-187) 1.13 (052-244)
>400 19 (25.0) 33(128) 240 (122-471) 291 (1.36-625)
Alcohol consumption (years)
Nondrinkers 20 (26.3) 58 (22.5) 1.00 1.00
<32 32 (42.1) 104 (40.3) 1.02 (049-2.13) 0.70 (0.28- 1 7¢)
>32 24 (316) 96 (37.2) 0.86 (040- | B&) 057 (0.24- 135)
Middle third Non-middle third OR (95% CI) AOR (95% CI)
Variables n (%) n (%)
Cigarette smokung (pack-years)
Monsmokers I (65) 41 (144) 1.00 1.00
<35 79 (46.5) 62 (44.6) 232 (1.03-5.19) 222 (091-547)
=135 80 (47.0) 57 (41.0) 255 (1.14-5.74) 249 (102 - 608)*
Areca chewing (betel-years)
Nonchewers 101 (59.4) B0 (57.6) 1.00 1.00
<400 44 (259) 32 (230) 109 (0.63- 1.87) 079 (043 145)
> 400 25 (14.7) 27 (19.4) 073 (0.40- 1.36) 052 (026-102)
Alcohal consumption (years)
MNondnnkers 27 (159) 30 (21.6) 1.00 1.00
<32 77 (45.3) 57 (41.0) 1.50 (081 - 2.80) 122 (057 - 2.64)
>32 66 (388) 52 (374) 141 (075 - 266) .16 (057  2.40)
Lower third Non-lower third OR (95% CI) AOR (95% CI1)
Variables n (%) n (%)
Cigarette smoking (patk-years)
Monsmokers 18 (16.1) 13 (6.6) 1.00 I 00
<35 50 (44 6) 91 (46.2) 040 (0.18-088) 040 (0.16 - 099)*
=15 44 (393) 93 (47.2) 0.34 (0.15 - 0.76) 031 (0.13 078)
Areca chewing (betel-years)
MNonchewers 70 (62.5) 111 (564) 1.00 1.00
<400 25(223) 51 (259) 078 (044- 1.37) 091 (0.48  1.71)
=> 400 17 (15.2) 35 (17.8) 077 (040 - | 48) 089 (0.43- 1 8B!)
Alcohol consumplion (years)
Nondnnkers 23 (205) 34 (173) 1.00 1.00
<37 43 (384) 91 (46.2) 070 (0.37 133 056 (043 2.17)
=32 46 (41 1) 72 (36.5) 094 (0SC- 1 BO) 1.36 (0.64 - 2.50)
AOR = after adjusting for age (> 65 w < &5 years). educational level [ € pnmary school. high school. 2 college) and substance wse (Tobwcca alcohol and arecal 2P < aol

& 2003 Cancer Research UK
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of 309) and 9.7% (30 out of 309) of cancers involved both upper In Taiwan, tobacco is smoked, instead of being added to areca
and middle thirds or middle and lower thirds of the oesophagus, preparations for chewing. Therefore, we speculate that the.
respectively. inhalation of carcinogens from cigarette smoking indirectly affec

Median cutoff points for lifetime consumption of these  the oesophagus after entering into the blood stream via pulmonar
substances were 35 Pack-years for smokers, 400 betel-years for capillary absorption. Our results agree with those of Nandakumar
areca chewers (about 20 bete] quidday ™' for 20 consecutive years) et al (1996) who also found that cigarette smoking more likely
and 32 years for alcoholic beverage drinkers. Afier adjusting for  affected the middle rather than upper third of the oesophagus.
age (<65 vs >65 years), educational level (<primary school vs On the other hand, the association that we found between arec
= college and high schools vs = college) and other substance use chewing and oesophageal cancer in the upper third differs from the
(tobacco and alcohol), we found thay compared to nonchewers, findings of Nandakumar er g/ (1996). Areca is chewed and

more likely to develop cancer in the upper third of the oesophagus cavity and pharynx, the first contact ared of areca juice is the uppe
(95% CI = 1.36-6.25) (Table 2). In addition, we found that subjects third of the oesophagus. Since chewing areca can Cause oral and
who had smoked more than 35 pack-years were 2.49.fold more  pharyngeal cancers (Ko et al, 1995; Lee et al, 2003), our findings
likely to develop cancer in the middle third of the oesophagus than suggest that lesions in the upper third of the oesophagus might b
were nonsmokers (95% CJ — 1.02-6.08). Results remained similar  due 1o direct mucosal exposure to areca Preparation contents.

. -g' the lower third of oesophagus than were nonsmokers. We found thirds of the oesophagus, respectively. Further studies need to==
o no significant effect of alcohol consumption on the location of examine whether tissue from areca-associated oesophageal cancer
[] oesophageal cancer. is associated with elevated levels of areca-associated DNA adducts
= in the upper third of oesophagus. In addition, our findings need to
¥ be confirmed in animal experiments. .

iy DISCUSSION
s Very few studies have investigated the relationship between

habitual substance use and location of oesophageal cancer ACKNOWLEDGEMENTS
(Nandakumar et al, 1996) Nandakumar et al studied oesophageal —
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contrast, chewing tobacco was associated with lesions in the lower IN-9007P) and the Faculty Research Innovation Fund of Kaoh- e

third. siung Medical University (Drs TF Chen and OL Chen).
REFERENCES 1|
American Joint Committee on Cancer (AJCC) ( 1988). In: Manual for Nandakumar A, Anantha N, Pattabhiraman v, Prabhakaran PS, Dhar M,
Staging of Cancer, Beahrs OH, Henson DE, Hutter RVP, Myers MH (eds) Puttaswamy K, Venugopal TC, Reddy NM, Rajanna, Vinutha AT,
3rd edn, pp. 63-67. Philadelphija: |8 Lippincott Srinivas (199¢) Importance of anatomical subsite jn correlating risk ==
Chalasani N, Wo M, Waring JP (1998) Racial differences in the histology, factors in cancer of the oesophagus - report of a case - control study. By
location, and risk factors of esophageal cancer. | Clin Gastroenterol 26: I Cancer 73: 1306-131)
11-13 Phukan RK, Alj MS, Chetia CK, Mahanta | (2001) Betel nut and tobacco
Ko YC, Huang YL, Lee CH, Chen MJ, Lin LM, Tsaj CC (1995) chewing; potential risk factors of cancer of oesophagus in Assam, India.
Betel quid chewing, cigarette smoking and alcohol consumption Br ] Cancer 85: 661 - 667 ™
related to oral cancer in Taiwan. | Oral Ppathol Med  24: Rosenberg |C, Franklin R, Steiger Z (1981) Squamous cel] carcinoma of the
450-453 thoracic esophagus: an interdisciplinary approach. Curr Probl Cancer 5:
Lee CH, Ko YC, Huang HL, Chao YY, Tsai CC, Shich TY, Lin LM (2003) The 1-52
precancer risk of betel quid chewing, tobacco use and alcohol Wu MT, Lee YC, Chen Cl, Yang PW, Lee ¢, wy DC, Hsu HK, Ho CK,Kao o
consumption in oral leukoplakia and oral submucous fibrosis in EL, Lee |M (2001) Risk of betel chewing for oesophageal cancer
southern Taiwan. Br | Cancer 88: 366-372 Taiwan. Br | Cancer 85: 658 - 660
—
Btsn Joumal of Cancer (2003) 89(7). 1202 - 1 204 l(ﬁ)lo © 2003 Cancer Researcr Lk



Bntish Journal of Cancer (2001) 84{5), T09-713
© 2001 Cancer Research Campaign

r -
doi: 10,1054/ bjoc.2000.1597, available onling at hitp: /www idealibrary com on l.!%l http://mww.bjcancer.com

Betel quid chewing as a risk factor for hepatocellular
carcinoma: a case-control study

JF Tsai’, LY Chuang?, JE Jeng?, MS Ho*, MY Hsieh', ZY Lin' and LY Wang'

'Department of Internal Medicine, “Biochemistry, and *Clinical Laboratory, Kaohsiung Medical University College of Medicine; *Institute of Biomedical Sciences,
Academia Sinica, Taiwan, Republic of China . -

Summary The role of betel quid chewing in the aetiology of hepatocellular carcinoma (HCC) was evaluated in a case-control study including
263 pairs of age- and sex-malched HCC patients and healthy coptrols. Serum hepatitis B surface antigen (HBsAg), and antibodies to hepatitis
C virus (anti-HCV) were detérmined, and slandardized personal inlerview conducled using a structured questionnaire. Multivariate analysis
indicated thal betel quid chewing (odds ratio (OR), 3.49; 95% confidence interval (Cl), 1.74-6.96), HBsAg (OR. 16.69; 95% CI. 9 92-28.07).
anti-HCV (OR, 38.57; 95% CI, 18.15-81 96), and educational duration of less than 10 years (OR, 1.71; 95% Cl, 1.05-2 78) are independent
risk factors of HCC. In addition, there was an additive interaction between betel quid chewing and chronic infection with either hepatitis B virus
(synergy index, 5.37) or hepatitis C virus (synergy index, 1.66). Moreover, risk on HCC increased as duration of betel quid chewing increased,

or amount of betel quid consumed (each P for trend < 0.0001). © 2001 Cancer Research Campaign http://www bjcancer com

Keywords: betel quid chewing: hepatocellular carcinoma; hepatitis B virus; hepatitis C virus; risk factor

Hepatocellular carcinoma (HCC) is one of the most common
malignant and devastating human tumours 1n the world (Idilman
et al, 1998; DiBisceghe, 1999). Although chronic hepatitis B virus
(HBV) and hepatiis C virus (HCV) infection have been implic-
ated as the major nisk factors for HCC (Tsai et al, 1996a, 1997a;
DiBisceglie, 1999), some HCC occurs in patients without
evidence of HBV/HCV infection, suggesting that other environ-
mental or genetic factors, may also be important (Bartsch et al,
1999; DiBisceghe, 1999; Ozturk, 1999). Besides alcohol dnnking
and cigarette smoking, betel quid chewing is an integral com-
ponent of the cultural fabnc of 10-20% of the human population.
It 1s also a popular habit throughout Taiwan. The cultivation of
areca trees and the production of areca nuts increase markedly
during the last 3 decades (Ko et al, 1992; Chen and Shaw, 1996).
The estimated number of habitual betel quid chewers is around
one-tenth of the 20 million inhabitants (Ko et al, 1992). The popu-
lation of betel quid chewers increased gradually.

The ingredients of betel quid include areca nut (the nut of the
Areca catechu palm), betel leal or fruit from Piper betle, and red
slaked paste. Dunng betel quid chewing, areca nut-derived nitro-
samines may methylate and cyanoethylate liver DNA (Prokopezyk et
al, 1987), be genotoxic to hepatocytes, and hence produce liver
cancer (Bhide et al, 1979; Nishikawa et al, 1992). Areca nut may
enhance chemical hepatocarcinogenesis (Bhde et al, 1979; Tanaka et
al, 1986). On the other hand, the betel leaf contains high concentra-
tions (15 mg g fresh weight) of safrole known to be a rodent hepa-
tocarcinogen (Philips, 1994). Moreover, 1t has been reported that
37.5% of areca nut samples were infested with aflatoxin Bl-
producing fungus, Aspergillus flavus (Raisuddin and Misra, 1991).
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Betel quid chewing may therefore have some carcinogenic and
tumour-promoting activity in the liver making it pertinent 1o assess
the possible effects of betel quid chewing on the development of
HCC, which is one of the most common prevalent cancers in Taiwan
(Tsai et al, 1996a, 1997a). The betel quid hypothesis was tested using
the data collected in a case-control study of nsk factors for HCC

MATERIALS AND METHODS
Study population

263 consecutive newly diagnosed patients with HCC, 205 males
and 58 females, were recruited as the case group from Department
of Intemal Medicine, Kaohsiung Medical University Hospital
during the perniod from August 1996 to December 1997. HCC was
diagnosed by aspiration cytology or biopsy. During the same study
period, 263 healthy community residents, who entered the hospital
for physical check-up, maiched on age (+3 years) and sex, were
enrolled as the control group. All controls had normal serum
aminotransferase levels and with no space-occupying lesion in the
liver, as evidenced by normal abdominal sonography. There was
no difference in median age between cases (59 years; range: 29-83
years) and controls (59 years; range: 29-82 years).

Structured questionnaire and standardized interview

We designed a structured questionnaire to obtain information on
age, sex, educational level, habits of smoking (cigarettes per day
and duration of smoking), alcohol drinking (the quanuty and dura-
tion of drinking, types of alcoholic beverage), betel guid chewing
practice (duration of habit, daily amount consumed, type of betel
quid ingredients consumed). A habitual betel quid chewer was
defined as chewing one quid or more daily for at least one year. A
habitual cigarctie smoker was defined as smoking one cigarette or
more per day for at least one year. A habitual alcohol drninker was
defined as drinking alcohol for more than four days a week for at
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least one year. Al HCC cases and matched controls were inter-
viewed by interviewers trained in study details and questionnaire
contents,

Serological eéxamination

B surface antigen (HBsAg) was tested by mdioimmunoassay using
commercial kits (Abboy Laboratories, North Chicago, IL),
Antibodies 1o hepatitis VIrus (anti-HCV) were detected by
second generation ABBOTT HCv EIA (Abbon Laboratories,
North Chicago, IL). For anti-HCV, reactive specimens were

Statistical analysis

The Mann-Whitney U test Was used to compare the difference
between medians of continuous variables. The 2 test with Yates'
correction was used to compare differences between proportions.
Odds ratio (OR) with 95% confidence Interval (95% CI) was used
10 estimate causal relations between nisk factors and exposure.
Mantel extension test for trend was used 1o estimate (he

HCC development in multivariate analysis, the frequency distriby.

sum of each attributable-risk may exceed 100%. An alpha of 0.05
was used as the indicator of significance.

RESULTS
Independent risk factors for HCC

Univariate analysis indicated that bete| quid chewing (OR - 4.05,
95% ClI, 2.35-7.00), HBsAg-posilivny (OR = 6.57, 959, Cl,

Table 1 Univariate and multivariate analyses of risk factors for HCC
Parameters Cases Controls OR
(n=263) (n=263) (95% ci)
T it | ____‘—‘—\_.__\____‘_____

Betel quig chewing m 22
HBsAg-positive 17 58
Anll-HCV-posul'.ive B85 12
Education <19 years 158 126

smoking (OR = 1.58, 95% C1, 1.09-2.28) were significant risk

factors of HCC. The
chewing, HBsAg-positiviry,

level less th
after multiva

attributable risk was 2
with anti-HCV alone, 46
subjects with HBsAg alone, 5.
positive for anti-HCV and
for all betel quid chewers;
those had educational dyray;

Interactive effect betwee

an 10 years remained significantly elevated even
riate analys;s (Table 1). The cstimated population-

i

chronic HBV/HCV infection

As shown in Table 2, usin
negative for both anti-HC

4.05(2.35-7 00)

HCC, hepatoceliular carcinoma; OR, odds ratio;
antigen; anti-HCy, antibodies to hepatins C wirus,

analysis after agjusting sex, age, habits of alcohol dn

tion. By using anti-HCV—ncgalivc subjects ™

7.63% (95% ClI, 13.45-29.84) for subjects
86% (95% ci, 23.41-4037) for™
78% (95% CI, 1.08-9.7 ) for subjects
HBsAg, 20.19% (959 CIL, 9.81-23 73)
and 23.22% (95% CI, 9.28-28 41) for
on of less than 10 Yyears. f

i

n betel quid chewing and

& subjects without bete] quid chewing angd
Vand HBsAgasa referent group, the nisk

referent group, either bete] quid

-HCV were independent nisk factors

Adjusted OR*
(95% ci)

3.49 (1.74-6 96)

6.57 {4.38-g9 85) 16.69 (9.92-28.0?}

998(5.12—19&8] 38.57 (18 15-81.96)

1.63(1.14-2 34) 1.71(1.05-2.78)
Cl, confidence Interval; HBsAg, hepatitis 8 surface

- *Denved from cong

Only covanates with significant adjusted oads ratio are shown
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nking ang smoking, and

ihonal logistic regression

e
[

Covanates in the table
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Table 2 Risk of HCC modified by betel quid chewing, status of anti-HCV
and HBsAg in HCC patients compared with matched controls

Bete!l quid chewing on risk of HCC 711

Table 5 Risk of hepatocellular carcinoma based on type of betel quid
ingredients, duration and total amount of betel quid consumed

Betel Status Cases Control Odds ratio

quid anti-HCV HBsAg (n=263) (n=263) (95% CI)
Nonuser Negative Negative 19 180 1.0

Nonuser Negative Positive 102 50  19.32(10.42-36.17)
Nonuser Positive  Negative 55 7 74.43 (27 65-209.70)
Nonuser Positive Positive 16 4 37.89(10.38-151.37)
User Negative Negative 7 17 3.90 (1.27-11.67)
User Negative Positive 50 4 118.42(3559-436.95)
User Positive  Negative " 1 104.21(12.61-351.82)
User Positive  Positive 3 0 —-

HCC, hepatocellular carcinoma, OR, odds ratio; CI, confidence interval;
HBsAg, hepatitis B surface antigen; anti-HCV, antibodies to hepatitis C virus
* uncalculable. |

Table 3 Interactions between betel guid chewing and anti-HCV on nisk of
HCC

Betel quid anti-HCV ~ Cases Controls OR*
chewer (n=263) (n=263) (95% CI)

No Negative 121 230 1

No Positive 7 1" 12.26 (6.03-25.51)
Yes Negative 57 21 5.15 (2.89-9.25)
Yes Positive 14 1 26.61 (3.60-116.58)

HCC. hepatoceliular carcinoma: anti-HCV, antibodies 1o hepatitis C virus;
OR, odds ratio; Cl, confidence interval. *Synergy index = 1.66

Table 4 Interactions between betel quid chewing and HBsAg on risk of
HCC

Betel quid HBsAg  Cases Controls OR*
chewer (n=263) (n=263) (95% CI)

No Negative 74 187 1

No Positive 18 54 5.52 (3.55-8.59)
Yes Negative 18 18 2.52 (1.17-542)
Yes Positive 53 4 33.48 (11.10-72.69)

HCC. hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; OR,
odds ratio: Cl, confidence interval. *Synergy index = 537

The median value of total amount of betel quid consumed 1n
HCC patients (182 500 quids; range: 73 000 -730 000 quids) was
higher than that (109 500 quids, range: 10 290-547 500 quids) in
controls (P = 0.0001). There was an increased nsk for developing
HCC in subjects consumed more than 100 000 quids (OR = 4.54,
95% C1, 1.40-14.99). There isa positive linear trend between betel
quids consumed and the risk for HCC (P, ., < 0.0001; Table 5)

Clinical characteristics in HCC patients according to
betel quid chewing

As shown in Table 6, there was marginal significance n the
median age between patients with betel quid chewing and those
without (P = 0.058). HCC panents with betel quid chewing were
predominantly male (7 = 0.0001), and tended to be anu-HCV-
negative (P = 0.008). All 71 habitual betel quid chewers were

¥l
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Parameter Cases Controls OR (95% CI)

Type of material in quids

Non-user 192 241 1.0

Areca-nut with betel leaf 17 6 3.55 (1.28-10.30)

Areca-nut with betel fruit 36 9 502 (2.25-11.50)

Mixed 18 7 3.22 (1.24-8.70)
Duration of chewing (years)

Non-user 192 241 10

<20 8 14 0.71 (0.26-1.86)

20-30 27 - 6.77 (2.42-20.46)

>30 36 3 15.06 (4.36-39.09)
Total amounts consumed

(quids x 1000)"

No&user 192 24 1.0

<1 1 10 1.38 (0.53-3.59)

100-199 3N 7 5.55(2.27-14.17)

200-299 15 3 6.27 (1.67-20.74)

>299 14 2 B.78 (1.87-34.01)
- <0.0001 (Mantel extension test for trend).

b ¥era

Table 6 Clinical characteristics in patients with hepatoceliular carcinoma
with regard to betel quid chewing

Habitual betel quid chewing

Yes No P value*
(n=T71) (n=192)

Age (years) 56 (20-81p 61(32-83) 0.05
Educational level 6 (1-16) 9(1-16) NS
Male gender 67 (94.36) 138 (71.87) 0.0001
Cirhosis 71 (100) 142 (73.95) 0.0001
Smoking 51(71.83) 69 (35.93) 0.0001
Alcohol drinking 32 (45.07) 34 (17.70) 0.0001
HBsAg-positive 53 (74.64) 118 (61.45) NS
Anti-HCV-positive 14 (19.71) 71(36.97) 0.008

NS, nonsignificant. *Mann-Whitney U test was used for comparison of
continuous data, whereas x? lest was used for comparison of proportions
sData were expressed as median (ranges). “Data were expressed as number
(percentage).

cirrhotics (P = 0.0001). Betel quid chewers were frequently
habitual smokers (P = 0.0001) and alcohol dnnkers (£ = 0.0001).

DISCUSSION

By using a formal epidemiological approach, this study provides
evidence that habitual betel quid chewing is an independent nsk
factors for HCC. However, the estimated population-attributable
risks indicate that chronic HBV/HCV infections are the most
important risk factors of HCC in Taiwan (Table 1). Since betel
quid chewing has not been shown to be a risk factors of HCC
before, it is important to validate that our finding is not due to
confounding bias. The bias may result from the control selection,
information bias, or by un-controlling confounding factor.
According 10 medical records, our healthy controls were healthy
subjects who entered the hospital voluntanly for physical check-
up. The prevalence of HBsAg (22.1%) and anti-HCV (4.6%) 1n
our healthy controls was similar to those in volunteer blood donors
(Tsai et al, 1997b) or community controls in the same area (Tsa1 et
al, 1993, 1996a, 1996b). The estimated prevalence of current betel

British Journal of Cancer (2001) 84(5), 709-713
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drinking and smoking between oyr controls and those (11% for
alcohol and 65.5%, for smoking, respectively) in another case-
control study (Chen e al, 1991). Based on the information
mentioned above, our controls seem be representative for general
population of Taiwan, and makd bias unlikely from control selec-
tion or under—feponing of life-style habits.

chewers with either HBYV or HCV infection among the controls is
or HCV-infected betel quid chewers
seems to be greater than the sum, but lower than the product of the
OR for either bete] quid chewers alone or subjects with either viral
infection alone. Based on a calculation of Synergy index, an addij-
ive mieraction between betel quid chewing and either HBV or
HCV infection was deduced (Rothman, 1986). However, there
as no multiplicative interaction between bete] quid chewing angd
either HBV or HCV infection on multivariate analysis (data not

British Journal of Cancer (2001 ) 84(5) 7pg9-7 13

average 420 umol I of safrole (Hwang et a, 1993). Safrole has
been classified by

(Philips, 1994) Recently, safrole-DNA S were found jm=
HCC tissue from a heavy betel quid chewer (Liy ¢ al, 2000). Th,
distribution of these adducts was similar to that found in safrole-
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Safrole in betel quid may be a risk
factor for hepatocellular carcinomas:
case report

Chung-Ji Liu,” Chiu-Lan Chen," Kuo-Wei Chang,*
Cheng-Hsin Chu,$ Tsung-Yun Liyt1

cigarettes is associated with an increased risk of oral squamous cell carci-
noma." The composition of betel quid varies with geographic location. [n
Taiwan betgl quid is composed of areca nut {4reca catechu, an Asian tropical palm),
slaked lime, and the inflorescence or leaf of Piper betle (an Asian chimbing plant).
The inflorescence of Piper betle contains high concentrations (15 mg/g fresh

C hewing betel quid or the combination of chewing betel quid and smoking

quid contains on average 420 pmol/L of safrole !

We describe a case of hepatocellular carcinoma in a Taiwanese man who had
chewed betel quid for over 32 years; safrole-DNA adducts, 3 likely cause of liver
carcinogenesis, were found in liver biopsy specimens.

Case

of betel quid (about 30 betel quids daily over 32 years). In addition he had
smoked 1.5 packs of cigarettes daily for the same period. He consumed alcohol
only on social occasions and then only in moderate amounts. Physical examina-
tion revealed a nontender firm mass in the
right upper quadrant of the abdomen.
Liver echography and CT revealed a hy-
pervascular tumour mass about 4 cm in
diameter located in the lateral aspect of
the right hepatic lobe. The results of liver
function tests included alanine amino-
transferase 32 (normally 5 1o 35) U/L, as-
partate aminotransferase 2§ (normally § o
30) U/L, alkaline phosphatase 52 (nor-
mally 25 to 100) U/L and a-fetoprotein
67 (normally less than 6) ug/L. The pa-
tent was not infected with hepatitis B or
Cvirus (positive for antibodies 1o hepatins
B surface antigen and negauve for both
hepatius B surface anugen and hepatits C
surface antigen).

Liver biopsy (Fig. 1) showed classic he-
patocellular carcinoma. Using the nucle-
ase Pl-enrichment version of the 7p-
postlabelling technique,* we detected Fig. 1: Microscopic ima
safrole-DNA adducts as 2 smgle spot on exhibits well-different;
the autoradiogram (Fig. 2). Similar saf-  on the left side of the ;
role-DNA adducts were se€en i tssue right) by a thin la
samples from the oral squamous cell car- arranged in a sinusoid
cinoma and in peripheral blood leukocyte pearance. Slight cellula
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{ig. 2: Autoradiograms of polyethyleneimine-cellulose thin
ayer chromatography maps of “P-labelled digests of DNA
(autoradiography performed with Kodak Biomax MR film for
3 hours at =70°C). Left: DNA from HepG2 cells treated with
400 pmol/L 1 -hydroxysafrole for 24 hours. One safrole-DNA
adduct visualized as a black spot can be clearly seen in the
bottoom left corner of this autoradiogram. Right: DNA from
liver biopsy specimen. A safrole-DNA adduct can be seen at
the bottom left corner of this autoradiogram.

samples.* The level of safrole-DNA adduct detected was
22.5 adducts per 10* nucleotides in liver, 7.1 adducts per
10* nucleotides in the oral squamous cell carcinoma and
0.8 adducts per 10* nucleotides in peripheral blood
leukocytes. The profile and location of the safrole-DNA
adduct were similar to those of adduct found in HepG2
cells treated with 1-hydroxysafrole; the adduct has been
identified as N'~(trans-isosafrole-3"-yl)2"-deoxyguano-
sine.>* In parallel studies using similar tissues obtained
from 6 people who had hepatocellular carcinoma or oral
squamous cell carcinoma and who did not chew betel
quid, we were unable to detect the safrole-DNA adduct
(unpublished data).

Comments

Carcinogen-DNA adducts represent chemical modifica-
tions to the genetic material. They usually anise from the
bioactivation of a carcinogen, which then reacts with the
DNA. The damage caused by adducts is central to theones
of chemical carcinogenesis and 1s considered a necessary
prerequisite for gene muration and tumour formation.
Srudies in mice have shown that safrole-induced liver car-
cinogenesis is correlated with the formation of safrole
DNA adducts.* This type of adduct is created through
cytochrome-P450~mcdiatcd formation of 1°-hydroxysaf-
role; this compound is sulfonated to become an unstable
sulfuric acid ester, which then forms the stable safrole-
DNA adducts.”

Although these studies do not prove that the safrole in
betel quid caused our patient’s hepatocellular carcinoma,
the findings are suggestive. We found safrole DNA
adducts in the nucleotides of the biopsy specimen from the
hepatocellular carcinoma. The distibution of these adducts
was sirmilar to that found in safrole-treated muce: highest in
the liver and lower in other ussues (the level in penipheral

360 JAMC = 8 FEVR 2000 162

blood leukocytes was only 1/51 the level in the liver). Our
preliminary observations indicate that human ussue har-
bours the potenual to bioactvate the safrole in betel quid
to its corresponding DNA adducts, particularly in the liver.
This study 1s the first to show the presence of stable
safrole-DNA adducts in hepatocellular carcinorna and oral
squamnous cell carcinoma n 2 heavy betel quid user.

Competing interests: None declared.
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chewing and cigarette Smoking: a cohort of 2416 HBsAg—seropositive and

9421 HBsAg-seronegative male residents in Taiwan.
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Abstract

estimated by Cox's Proportional hazards regression analyses

RESULTS: Signiﬁcant!y Increased HCC risk was

HCC and the number of habits of substance use.

observed for seropositives of HBsAg or anti-HCV, alcohol drinkers,
was a significant dose-response relationship between the nsk of

The highest Multivariate-adjusted HCC risk was observeqd among

HBsAg-seropositive substance users (RRs: 17. 9-26.9), followed by HBsAg-seropositive non-users (RRs: 13.1-19.2),

infection is endemic.

2.7) and HBsAg—seronegative non-users (referent with RR = 1) The
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Habitual Betel Quid Chewing and Risk for Hepatocellular

-

Carcinoma Complicating Cirrhosis -

Jung-Fa Tsai, MD, PhD, Jen-Eing Jeng, MD, Lee-Yea Chuang, PhD, Mei-Shang Ho, MD,
Ying-Chin Ko, MD, PhD, Zu-Yau Lin, MD, Min-Yuh Hsieh, MD, ;
Shin-Chern Chen, MD, PhD, Wan-Lung Chuang, MD; PhD, Liang-Yen Wang, MD,
Ming-Lung Yu, MD, PhD, and Chia-Yen Dai, MD

Abstract: This case-control study aimed to assess the independent
and interactive role of habitual betel quid chewing and known nisk
factors for hepatocellular carcinoma (HCC). Subjects enrolled
included 210 pairs of sex- and age-matched cirrhotic patients with
HCC, patients with cirrhosis alone, and healthy controls. Informa-
tion on risk factors was obtained through serologic examination of
hepatitis B surface antigen (HBsAg) and antibodies to hepatitis C
virus (anti-HCV), and a standardized personal interview with a
structured questionnaire. Multivariate analysis indicated that betel
quid chewing (odds ratio [OR], 5.81; 95% confidence interval {CI],
2.26-14.94); HBsAg (OR, 37.98; 95% Cl, 19.65-73.42); and anti-
HCV (OR, 47.23; 95% CI, 18.86-118.25) were independent risk
factors for HCC when HCC patients were compared with healthy
controls. Using patients with cirrhosis alone as a reference group,
multivaniate analysis indicated that only betel quid chewing (OR,
1.69; 95% CI, 1.04-2.76) and HBsAg (OR, 1.54; 95% CI, 1.01-
2.37) were independent risk factors for HCC. There was an additive
interaction between betel quid chewing and the presence of either
HBsAg (synergy index, 5.22) or anu-HCV (synergy index, 1.35).
Moreover, a higher risk of HCC was associated with a longer
duration of betel quid chewing and a larger amount of betel quid
consumed (each Pror wens < 0.0001). In conclusion, betel quid
chewing is an independent risk factor for cirrhotic HCC. There 1s
an additive interaction between betel quid chewing and chronic
hepatitis B and/or hepatitis C virus infection.

(Medicine 2004;83:176-187)
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Ablm.'vhtmns anfi- I-!CV anu’bodu 10 hcpauns C virus, CI =
=3 = b B surface antigen, HBV =
~ hepatitis B virus, HCC = hcpalocellhﬁr carcinoma, HCV = hepatitis C
_vaR odds ratio, ; :

INTRODUCTION

Hcpatoceliular carcinoma (HCC) is one of the most
common and devastating malignant human tumors. HCC
accounts for up to 85% of primary liver cancers®®. In terms
of relative frequencies, HCC ranks as the fifth most common
cancer in the world, and the second most common cancer of
the digestive tract’®. HCC also ranks sixth in frequency
among men and eleventh among women'>®”. The number of
HCC cases has increased in the United States during the past
2 decades, with a shift in the incidence rate toward younger
age-groups’®*’. Similar trends in the incidence of HCC have
been observed worldwide™, The pathogenesis of HCC is a
multistage process with a multifactorial etiology?? 24-36:46.95
The stniking geographic differences in the incidence of HCC
suggest that environmental factors frequently contribute to
its development?5-36:90:42.47.95,135

Although chronic hepatitis B virus (HBV)?6:40:43.67.75.
78,91,96,111.135,154,155,159,160,175 4 hepatitis C virus (HCV)
infection6-40:43.51.58.67.75.78.96,135.154.155,159.160,173 1.0
implicated as the major nsk factors for HCC, some HCC
occurs in patients without evidence of hepatotropic viral
infection. These nisk factors include nonalcoholic steatohe-
patitis'>' "% oral comraceplivcs's'”, aflatoxin®***”*  obesi-
ty'®, parasitic diu:asc diabetes mellitus****'*' " primary
biliary cirthosis'®, and some hereditary dweases, such as
genetic hemochromatosis*'***”, porphyria cutanea tarda®’
hereditary tyrosinemia”®, citrullinemia®®, Wilson disease’®,
and alphal anti-trypsin deficiency®’. This information sug-
gests that other environmental factors, genetic altera-
tions! '223652.66. 78,8496, 1212153 . differences in lifestyle
habits*7 4442029513 may also be impontant in the develop-
ment of HCC.
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cirrhosis and HCC™, Cirrhosis i present in about 80%-90v;
Df palients Wlth HCC-!O,AI2,43_&?_?],?8.95,96,IJS.IS!I,IS&.!SU_IGZ_ l!l

development”#4-62.160 HCC develops in patients  with
cirrhosis at an annual rate of 3%:!l%36‘3?""“2“3"7"”"6",
Hence, cirrhosis is itself a preneoplastic lesion of HCC,
Factors promoting carcinogenesis jn cirthosis include male
gender®, older age?, retinoid deficiency®, obesity % an4
alcohol drinking'*® The idcnliﬁc?tion of additional risk
factors for HCC in cirrhotic patients would be particularly
important to optimize preventjve medical programs.

Betel quid chewing is an integral component of the

population'*'1% Jy o o part of traditional Taiwanese
culture?”-76.7786.89.158.176 1 betel quid ingredients vary not
only among geographic locations byt also among commy-
nities and individuals. In Taiwan, the betel quid consists of
2 halves of a fresh arcca nut (the nut of the Areca catechy
palm) sandwiched with piece of the inflorescence of Piper

Both areca nut ang betel leaf have genotoxic-
I-ryzo,za_m.w,m.ns.m_m, mutagcnicitym""'”'m"“. and .
morigenicity'®69.70.124 The immunompprcssivc action of
areca nut may facilitate neoplastic development 32133 1y
addition of slaked lime nto betel quid ingredients can
enhance the formation and release of arecy nut-derived

nitrosamines and gencration of reactive oxygen species
during a chewing session'®' =103 p . nitrosamines are
mutagenic and carcinogcnics""*“"o"w"”"‘8"2"“’5_ F
mation of areca nut-derived nitrosamines-DNA adducts may
lead to neoplasia®34-55.145 Areca nut consumption may
modulate the function of the hepatic detoxification system
and decrease the efficacy of anticarcinogenic substance in
the body'?7138.139,140 Altemnatively, bee] quid has been
shown to contain strong organ-specific carcinogens in labo.-
ratory animals'*'. In addition, the combination of betel quid
and tobacco has been ranked as a £roup I carcinogen '3 that
may cause Oralld,l),H.l’-'l.?ﬁ.32.50.“).61.70.74.33.123,l4]_l77‘ pha'
ryngeal®, laryngeal'*’ ang csophageal’?105.116.130,143
cer. Habitual use of bete] quid without tobacco js causally
associated with increased nsk of oral squamous cel|
carcinomam.j1.8.65.??.81.32_90.|S2 and csophagcal canccrm.
In addition, there are high concentrations of safrole (15 mg/g
fresh weight) in the bete] leaf %115 The saliva of betel quid
chewers contains a high concentration (420 uM) of saf-
roleIS oy increased excretion of safrole-metab-
olites in the urine of betel quid chewers!'? Chewing such
prepared betel quids may contribute to safrole exposure in
human beings. Safrole-DNA adducts have been found in
experimental liver carcinogenesjs™ !5 and in HCC tissye

© 2004 Lippincon Williams & Wilkins
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th betel quid chewing®’. Taken together,

malignant transformation of hepatocytes.
Taiwan is ap area hyperendemic for

fhfcclion”'”‘""“"“"”‘"’2. Cirrhosis of the [jver and

HCC have been among the 10 leading causes

Taiwan since the

1980s. The mortality rate

HBV/HCV -

of death in
was 2345/ =

100,000 for cirthosis and 28.71/100,000 for HCC in 2001,
réspectively®® T, prevent cirrhosis-associated mortality and

morbidity, the identification of additional ris)
HCC in cirrhotic patients is particularly importa

PATI

ENTS AND METHODS

Study Population

mal damage plus
€es ™" Patients
Child-Pugh grades
healthy controls ha

¢, paired by age (5 yr) and Sex, were
enrolled as the case group and the non-HCC control group,

er 210 healthy community re

sidents, who

endoscopic ¢esophageal or gastric vap-
with cirrhosis were classified into the 3
based on their clinical stapys'?? All the
d normal serum aminolransferasa levels

ce-occupying lesion in the

liver in any

healthy controls Or patients with cirrhosis alone, as evidence(
by normal abdominal sonography. The study was

approved by

Ethics Committee of the hospital.
and Standardized
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a person chewing 1 quid or more daily for at least 1 year. A
habitual cigarette smoker was defined as a person smoking
| cigarette or more per day for at least 1 year. A habitual
alcohol drinker was defined as a person drinking an alcoholic
beverage more than 4 days a week for at least 1 year. All
HCC cases and matched controls were interviewed by inter-
viewers trained in study details and questionnaire contents.
All interviews were conducted in person using the structured
questionnaire.

Serologic Examination

Hepatitis B surface a‘mtigcn (HBsAg) and antibodies to
hepatitis C virus (anti-HCV) were detected by Ausnia-II and
second generation Abbott HCV EIA (Abbott Laboratories,
North Chicago, IL), respectively. For anti-HCV, reactive
specimens were retested. Only repeatedly reactive specimens
were interpreted as anti-HCV positive. Conventional liver
function tests were measured by an autoanalyzer (Hitachi,
Model 736, Japan).

Statistical Analysis

The Mann-Whitney U test was used to compare the
difference between medians of continuous variables. The x’
test with the Yates correction or the Fisher exact test was
used to compare differences between proportions when
appropriate. Mantel extension test for trend was used to
examine the dose-response relationship for the risk estimates
of various combinations of risk factors. Odds ratio (OR) with
95% confidence interval (95% CI) was used to estimate
causal relations between risk factors and exposure. A con-
ditional logistic regression analysis was uscd for multivariate
analysis. Unconditional stepwise logistic regression analysis
was used for estimating risk factors of habitual betel quid
chewing in HCC patients. Adjusted OR and 95% Cl were
derived from logistic regression coefficients to provide an
estimate of the statistical association between a given
variable and the disease (HCC) with the other vanables
held constant. Synergy index was used to estimate the
interactive effect among risk factors for HCC'*®. To
calculate the population-attributable risk for factors signif-
icantly associated with HCC development in multivariate
analysis, the frequency distribution of these nisk factors in
the healthy control group was used to represent the
proportion of persons exposed to the factor in the general
population. Two-tailed p values and 95% CI were given
when appropriate. An alpha of 0.05 was used as the indicator
of statistical significance.

RESULTS

Demographic Characteristics of Cases and

Controls
The frequency distmibution of sex, age, status of
HBsAg and anti-HCV, and Child-Pugh grades of the study

178

population is shown in Table I. There was no statistical
difference in the sex distribution and median age among the
3 groups. More than 80% of cases and controls were be-
tween 40 and 69 years old (data not shown). The prevalence
of HBsAg (or anti-HCV) in the healthy control group was
significantly lower than that in patients with cirrhosis alone
or HCC patients (each p = 0.0001, respectively). There was
no significant difference in the prevalence of HBsAg or anti-
HCV between HCC patients and patients with cirrhosis
alone. At least 1 marker of HBsAg or anti-HCV was found

in 89% of patients with cirrhosis alone and 94% of' HCC

patients. Compared to patients with cirrhosis alone, HCC
patients had a higher prevalence of being Child-Pugh grade
B (37.61% vs. 21.90%, p = 0.0001) and a lower prevalence
of being Child-Pugh grade C (10.95% vs. 19.04%, p = 0.014),
respectively (see Table 1).

Habitual betel quid chewing was found in 11 (5.23%)
healthy controls, 34 (16.19%) patients with cirrhosis alone,
and 52 (24.76%) patients with HCC.

In healthy controls, the frequency of being a habitual
alcohol drinker was higher in betel quid chewers (45.45%)
than in subjects who were not betel quid chewers (9.54%,
p = 0.001). Such a trend was also found in patients with
cirrhosis alone (67.64% vs. 19.31%, p = 0.0001), and in
patients with HCC (48.1% vs. 17.1%, p = 0.0001). Compared
to subjects who were not betel quid chewers, betel quid
chewers had a higher frequency of being a smoker in healthy
controls (90.91% vs. 33.16%, p = 0.0002), in patients with
cirrhosis alone (91.17% vs. 37.50%, p = 0.0001), and in
patients with HCC (76.9% vs. 38.6%, p = 0.001).

TABLE 1. Patient Characteristics

Patients With Patients With

Cirrhosis Cirrhosis Healthy
With HCC  Without HCC  Controls
(n = 210) (n=210) (n=210)
Sex (M/F) 170:40 170:40 170:40
Median age 58 (38-82) 57 (36-82) 58 (38-83)
(yr) (range)
HBsAg/anti-HCV
Negative/negative 12 23 165
Negative/positive 40 48 6
Positive/negative 141 127 36
Positive/positive 17 12
Child-Pugh grade
A 108 124 -
B 79* 46* -
C 231 40’

Abbrevianons: HCC = hepatocellular carcinoma; HBsAg = hepantis B
surface anugen; anti-HCV = antibodies to hepatiis € virus,

*p = 0.0001 (Fisher exact test)

'p = 0.014 {Fisher exact test)
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Betel quid chewers without chronijc HBV/HCV in-
fection were found in § healthy controls, 5 patients with
cirrhosis alone, and 4 patients with HCC. Among these
subjects, habitual smokers were found in I/8 (87.5%) healthy
controls, 4/5 (80%) patients with cirrhosis alone, and 4/4
(100%) patients with HCC. The frequency of being a
habitual alcohol drinker in these subjects_was noted in
2/8 (25%) healthy controls, 3/5 (60%) patients with cirrhosis
alone, and 3/4 (75%) patients with HCC.

Independent Risk Factors for HCC by Univariate
and Multivariate Analyses {

The frequency of habitual bete) quid chewing in
healthy controls was significantly lower than that in patients
with cirrhosis alone (p = 0.0001) or in patients with HCC
(p = 0.0001). The prevalence of habitual bete] quid chewing
in HCC patients was higher than that ip patients with
cirrhosis alone (OR, 1.70: 959 Cl, 1.02-2 84; p = 0.039),

Using healthy controls as a reference group, univanate
analysis indicated that betel quid chewing, HBsAg-positiv-
ity, anti-HCV—positivity, smoking, alcohol drinking, low

Multivariate analysis indicated that only betel quid chewing,
HBsAg-positivity, and ami-HCV-posilivity were indepen-
dent risk factors for HCC (Table 3). The estimated
population-attributable risk was 17.52% for subjects with
anti-HCV alone, 57.929 for subjects with HBsAg alone,
7.10% for subjects Positive for anti-HCV and HBsAg, and
20.10% for betel quid chewers, respectively.

To adjust the possible confounding effect of cirrhosis
on risk of HCC, we compared cirrhotic patients with HCC 1o
patients with cirrhosis alone by multivariate analysis. The
result indicated that bete] quid chewing (OR, 1.69; 95%
Cl, 1.04-2.76) and }{BsAg-positivity (OR, 1.54; 95% (I,

TABLE 2. Univariate Analysis of Risk Factors for HCC,
Comparing HCC Patients with Healthy Controls

Cases Controls
(n=210) (= 210) 0Odds Ratio

Risk Factor No. (%) No. (%) (95% Cn
Betel quid chewing 52(24.8) 11 (52) 5.94 3.01-11 .79)
HBsAg 158 (75.2) 139 (18.6) 13.32 (8.34-2] 27)
Anti-HCV 57 (27.1) 9(4.3) 832 (399 17.33)
Education <10 yr 120 (57.1) 97 (46.2) 155 (1.03-232
Alcohol drinking 52 (248) 24 (11.4) 255 (1.50-4.32)
Smoking 101 48.1) 76 (36.2) 163 (1.10- 241)
Surgery 81 (38.5) 74 (35:2) 1.7 (0.78-1.79)

Blood transfusion 43 (204) 22 (10.5) 22 (1.27-3.87
Abbreviations: See Table |. Cl = confidence interval

© 2004 Lippincon Williams & Wilkins

_—
TABLE 3. Multivariate Analysis of Risk Factors for HCC, ==
Comparing Cirthotic HCC Patients with Healthy Controls»

Odds Ratio
Variable Coeflicient SE p Value (95% C1)
Betel quid 1.76 0.48  0.0001 5.81 (2.26-14.94)
chewing .
HBsAg 363 033 0.000] 37.98 (19.65-73.42)

Anti-HCV 385 046  0.000] 47.23 (IS.SG—IIB.ZS) -
Abbreviations: See previous tables. SE = standard error.
*Dependen : ndcpenden ; 2

1.01-2.37) were independent risk factors for cirthotic HCC
(Table 4). :

Interactive Effect of Betel Quid Chewing and
Chronic HBV/HCV Infection on Risk of HCC

As shown in Table 5, using betel quid nonusers without
i infection as a reference group, the risk
for HCC increased significantly in subjects with HBsAg
alone or subjects with anti-HCV alone, or i patients co-
infected with HBV/HCY infection. It s noteworthy that
patients in the Broup with betel quid chewing alone also had
a significantly higher risk for developing HCC (OR, 9381
95% ClI, 1.97-48.04). The nisk for developing HCC in
habitual bete] quid chewers with cither HBV of HCv
infection was significantly higher than in those without

group, either bete| quid chewing or presence of anti-HCy
was an independent risk factor for HCC. The highest OR
was found in anti-HCV-positive betel quid chewers. Cal.
culation of synergy index indicated that there was an additive

TABLE 4. Multivariate Analysis of Risk Factors for HCC,

Comparing Cirrhotic Patients with HCC 1o Patients with
Cirrhosis Alone*

Odds Ratio

Variable CoefTicient SE p Value (95% C1)
Betel quid 0.53 0.24 0.032 1.69 (1.04- 2.76)

chewing

HBsAg 0.43 0.21 0.045 1.54 (1.01-237)
Abbreviations: See Previous tables.

*Dependent vanable: presence of HCC. Independent vanables: sex, age
*30 y1, HBsAg, ant-HCV, bege] quid chewing, educational Jevel < 10 yr,

alcohol drinking, and smoking.

179

Copyright © Lippincott Wiliams & Wilkins. Unauthor iz €0 reproduction of this article is prohibited.

1 Lo

[P

L

Y



Tsai et al

Medicine » Volume 83, Number 3, May 2004

TABLE 5. Risk for HCC Modified by Betel Quid Chewing, Status of Anti-HCV, and HBsAg in HCC Patients Compared with

Healthy Controls

No. of Cases No. of Controls Odds Ratio
Betel Quid Status Anti-HCV HBsAg (n = 210) (n=210) (95% Cl)
Nonuser Negative Negative 8 157 1.0
Nonuser~ Negative B Positive 105 34 - 6060 (25.57-149.00)
Nonuser Positive Negative 33 3 129.52 (35.50-518.48)
Nonuser Positive Positive 12 3 78.50 (15.86-216.27)
User Negative Negative 4 8 981 (1.97-48.04)*
User ! Negative Positive 36 2 ; 353.25 (64.33-928.00)*
User Positive Negative 7 1 137.37 (13.69-499.88)'
User Positive Positive 5 !

Abbreviations: See previous tables.
*p = 00001 (Fisher exact test),

p = 0.024 (Fisher exact test).
{Uncalculable.

interaction between betel quid chewing and HCV infection.
Similarly, the risk for developing HCC was strongly
associated with the presence of HBsAg and chewing betel
quid (Table 7). Moreover, HBsAg-positive betel quid chew-
ers had the highest OR, and a synergy index of 5.22. These
results indicated an additive interaction between betel quid
chewing and chronic HBV/HCV infection on risk of HCC.
However, there was no multiplicative interaction between
betel quid chewing and chronic HBV/HCV infection on
multivariate analysis (data not shown). Taken together, the
interaction between betel quid chewing and HBV/HCV
infection was greater than the sum but lower than the product
of the ORs for either betel quid chewing alone or subjects
with either HBV/HCV infection alone.

Characteristics of Betel Quid Chewing in HCC
Patients and Healthy Controls

Betel quid chewing with either betel leaf or with unnpe
betel fruit was strongly associated with increased nisk for
developing HCC (Table 8). Chewing betel quid for more

TABLE 6. Interaction Between Hepatitis C Virus Infection and
Betel Quid Chewing on Risk for HCC

No. of

Betel No. of  Healthy
Quid Cases  controls Odds Ratio*
Chewing Anti-HCV (n = 210) (n= 210) (95% CI)
No Negative 113 191 1.0
No Positive 45 8 9.50 (4.12-22.70)
Yes Negative 40 10 6.76 (3.10-15.05)
Yes Positive 12 | 20.28 (2.69-100.16)

Abhreviations: See previous tables

*Syncrgy index = 1.35
180
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than 20 years was an independent risk factor for HCC (OR,
14.79; 95% Cl, 4.97-34.45). Moreover, the longer the
duration of betel quid chewing, the higher the nisk for
developing HCC (Pfor nena < 0.0001; see Table 8).

The median value for total amount of betelquid
consumed at diagnosis of cancer in HCC patients was
significantly higher than that in healthy controls (data not
shown). There was an increased nisk for developing HCC in
subjects who consumed more than 100,000 quid (OR, 10.32;
95% CI, 3.79-30.47). There was a positive linear trend
between total betel quid consumed and the nsk for HCC
(Pror wend < 0.0001; see Table 8).

Clinical Characteristics in HCC Patients by Betel
Quid Chewing Status

As shown in Table 9, univanate analysis indicated that
HCC patients who chewed betel quids were predominantly
male (OR, 16.71; 95% Cl, 2.36-83.87), habitual smokers
(OR, 5.30; 95% Cl, 2.57-10.89), habitual alcohol drinkers
(OR, 4.49; 95% CI, 2.26-8.90), and tended to be Child-Pugh
grade B or C cirrhotics (OR, 2.01; 95% CI, 1.06-3.81).
Multivariate analysis indicated that male gender (OR, 10.93;
95% CI, 1.35-88.30), habitual alcohol dnnking (OR, 2.92;
95% CI, 1.34-6.34), and habitual smoking (OR, 2.82; 95%
Cl, 1.26-6.32) were independent nsk factors for habitual
betel quid chewing.

DISCUSSION

Our results indicated that there was an association
between habitual betel quid chewing and nisk for HCC
complicating cirrhosis (see Tables 2 and 3). After controlling
the possible confounding effects of cirrhosis on the risk of
HCC, habitual betel quid chewing was still an independent
risk factor for HCC (see Table 4). The current study indicates
that lifestyle differences contribute to the nsk for HCC. As
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TABLE 7. Interaction Between Hepatitis B Virus Infection and  TABLE 9. Clinical Characteristics in Patients with HCC, by
Betel Quid Chewing on Risk for HCC Betel Quid Chewing Status
No. of Habitual Betel
Betel No. of Healthy Quid Chewing
Quid Cases  Controls Odds Ratio* 1
. = - Yes(n=52) N (n = 158)
HBsA =210 =210 95% (1 -
Chewing g (n ) (n ) ( )= No. (%) Ne. (%) —
No Negative 4 162 1.0 Ao by o= PVAR
No Positive 117 37 1249(732-2140p  Age>50 yr 44 (84.6) 121 (76.6) NS o
: Male gender! 51(98.1) 119 (75.3) 0.0001
Yes Negative 11 9 4.82 (1.7]1- 13.72) 3
Y. Positive 41 2 81.00(18.02-20413)  Education <]0 yy PO (57.7) %0 (57.0) NS
- o Set proviom abis ' Smoking’ 40 (76.9) 61(386)  0.000
Abbreviations: See previous tables. Alcohol drinking' 25 (48.1) 27(17.1) 0.0001 =
*Synergy index = §22. - %
Chlld-Pugh B/C 32 (61.5) 70 (44.3) 0.038
HBsAg positive 41 (78.8) 117 (74.1) NS
shown in Table S, the risk for HCC in chronic HBV or HCV  Anti-HCV positive 12 (23.1) 45 (28.5) NS

infection alone was significantly higher than that in betel
quid chewing alone. By calculating Population-attributable

No. of
No. of Healthy Odds Ratio

Cases Controls (95% C1)
Type of betel

quid ingredients*

Nonuser 158 199 1.0
Areca nut with 24 4 7.55 (2.42-20,18)
betel leaf
Areca nut with 13 3 5.45 (1.42-19 15)
betel fruit
Mixed 15 4 4.72 (1.43- 17.20)
Duration of chewing (yr)*
Nonuser 158 199 1.0
<20 5 7 0.89 (0.24 -3.22)
20-30 32 3 13.43 (9.84-36.05)
>30 15 1 18.89 (2.58 92.44)
Total amount consumed
(quids x 1000)*
Nonuser 158 199 1.0
<100 11 6 2.30 (0.76-7.18)
100-200 20 2 1259 (2.78-49.1))

>200 17 3 7.13 (1.92-22 73)
*Pror wena < 0.0001 (Mante) Cxtension test for trend)

© 2004 Lippincotr Williams & Wilkins

*The x* test with Yates correction was used 1o Compare proportions.
logastic fegression  analysis indicated thar male

(OR, 10.93; 959 i, 1.35-88.30), alcohol drinking (OR, 2.92; 959y Cl,
1.34-6.34), and smoking (OR, 2.82; 95% (1, 1.26-6.32) were independent

nisk factors for betel quid chewing.

association between bete] quid chewing and HCC might not
be strong (see Table 5).

» and hence
produce HCC'*'®_ Areca nut may enhance chemical hepa-
locarcinogenesis®*!15:118.139,149 oo IVen a vitamin A-de.
ficient diet mixed with areca nut may produce altered Jiver
cell foci that are regarded as precursors for liver tumors 'S0

Safrole is the major component of betel leaf. The role

nogen, yet its carcinogenicity in humans js largely un-
determined. Safrole has been classified by the International
Agency for Research on Canceras a group 2B carcinogen'®?,
Experimental study has shown that safrole-induced liver
carcinogencsis correlated with the formation of safrole-DNA
adducts™'"* Safrole-DNA adducts have been detected in
high frequency of cancer tissues from Taiwanese HCC
patients*” and oral cancer patients with a betel quid chewing
history 256 Furthermore, safrole-DNA adduct could not pe
found in HCC tissue from patients who did not chew be-
tel quid®’.

Carcinogens derived from bete] quid chewing may
include induction of pS3 mutalion3'Jz‘lﬁ‘w'“l‘”':m, over-
expression of ps3 gene™M. o rine double minute gene 2
(inhibition of the P53 tumor Suppressor protein)®S, abnormal
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expression of cyclin DI and other cell cycle regulatory
proteins®> %% aberrant expression of the cell surface adhe-
sion molecule®’, overexpression of c-myc protein'®, and
accumulation of mitochondria DNA deletions®. Association
between mutations and overexpression of ras oncogene
are important in the oncogenesis of betel quid’®*!$2110
Activated ras oncogene may induce cyclin DI overexpres-
sion”’. These glterations have been found to contribute to
human liver carcinogenesis'033-94.96.108.112.129.134.147,179.

Researchers have observed that 37.5% of betel nut
samples were infested with the aflatoxin-producing fungus,
Aspergillus ﬂmi-usm. Aflatoxin Bl is the ‘most common
aflatoxin contaminant and the most hepatocarcinogenic 2%
36,93.96,125,126,167.169.  Liobitual betel quid chewing may be
a source of aflatoxin Bl ingestion in humans. Exposure to
environmental aflatoxin Bl has long been implicated as a risk
factor for HCC. Ecologic studies conducted in Africa and
southeast Asia had revealed a strong correlation between the
contamination of foodstuffs by aflatoxins and the risk for
HCC?*'*®_ The serum level of aflatoxin Bl-albumin adducts
is considered the most appropriate biomarker for the
asscssment of a relatively long-term cumulative exposure
to aflatoxin BI. Aflatoxin is a causative agent for HCC and
substantially amplifies the risk created by HBV infection®®.
Nested case-control studies performed in Taiwan showed a
significant association between aflatoxin Bl-albumin adducts
in serum and HCC risk'®”. Whether this observation relates
to oncogenesis of HCC in betel quid chewers requires further
molecular investigation.

Habitual betel quid chewing causes chronic inflam-
mation of the oral mucosa (oral submucosal fibrosis) that
is a precancer lesion of oral squamous cell carcinoma®'”'**.
It 1s noteworthy that animals fed betel quids in the long
term developed both chronic hepatocyte necroinflamma-
tion'*" and liver cancer'®'®. In the evolution of chronic
liver disease, episodic necroinflammation has been consid-
cred important not only in inducing cirrhosis, but also
in promoting transformation and progression to HCC*278.%.
"17.135 " Recent necroinflammation may be a promoting
factor that serves as an endogeneous cocarcinogen®>%6-'!7
Inflammatory by-products, including oxygen-derived free
radicals and other reactive oxygen species, may cause
oxidative DNA damage, which may increase the risk
for genomic alterations causing hepatic mutagenesis and
carcinogenesis' 3077 144.145.172.

It is noteworthy that both betel quid chewing itself 2
10-88101.102.104.152 and chronic HBV/HCV infections *0-5457-
14136 produce reactive oxygen species. Studies have sug-
gested that betel quid-generated reactive oxygen species
arc among the contributing factors for oral carcinogene-
sig?0 7088 101102104142 Reactive oxygen species are formed
in the human oral cavity duning betel quid chewing. They
may cause oxidative DNA damage to the surrounding
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tissups S 70BR101.102.109 Swallowing saliva duning a betel
quid chewing session may result in absorption of areca nut-
derived nitrosamines and reactive oxygen species in the
upper digestive tract'®'1%% {hese may contribute to the
increased risk for pharyngeal®', laryngeal'*', and csophageal
cancer > 103116.130.143.171 "4 b S

In our HCC patients with betel quid chewing, there
was a higher frequency of being classified as Child-Pugh
grade B or grade C (see Table 7). The continuing repetitive
process of chronic liver cell injury, inflammation, and hepa-
tocyte regeneration can lead to focal uncontrolled liver cell
growth and eventual malignant transformation®”-7% Tpis
information may explain, at least in part, the increased risk of
betel quid chewing on the development of HCC. The de-
creased liver function and reactive oxygen species induced
during habitual betel quid chewing may contribute, at least
in part, to the additive interaction between betel quid
chewing and chronic HBV/HCV infection (see Table 3).

The habits of alcohol drinking and cigarette smoking,
and their interactions, have been documented as nsk factors
for the development of cirrhosis and HOCH-%4365, s
shown in Table 9, betel quid chewers were usually also
habitual smokers and alcohol drinkers. Regardless of patient
population (healthy subjects or patients with cancer), the
same association has been found in several studies in
Taiwan?"76.77.86.89.158.1%6 1, .0 noteworthy that after adjust-
ing for cirrhosis and other confounding factors, the current
study indicates that habitual betel quid chewing and chronic
HBV infection were the independent risk factors for HCC
complicating cirrhosis (see Table 4). The interactive effects
of chronic HBV infection and the habits of cigarette smoking
and alcohol drinking have been reported previously in
Taiwan®. Hence, the association of habitual betel quid
chewing with HCC may result from the association of betel
quid chewing with cigarette smoking and drinking alcohol.

In conclusion, both betel quid chewing and chronic
HBV/HCV infection are independent risk factors for HCC
complicating cirrhosis. There is an additive interaction be-
tween betel quid chewing and chronic HBV/HCV infection.
Our study points out the possibility of preventing HCC by
climinating or reducing exposure to nisk factors via lifestyle
changes.
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Different impact from betel quid, alcohol and cigarette: Risk factors for

pharyngeal and laryngeal cancer
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The risks of betel quid chewing with or without tobacco, alcohol
drinking and cigarette smoking have been well explored in the
oral cavity but not in the pharynx and larynx. We conducted a
case-control study to investigate the association of these three risk
factors to cancers of the pharynx and larynx in Taiwan. A total
cases of 148 pharyngeal cancer, 128 laryngeal cancer and 255 hos-
pital controls, all men, were recruited. Betel quid chewing was a
significant independent risk factor (adjusted odds ratio [aOR] =
7.7; 95% confidence interval [CI] = 4.1-15.0) similar to that of
alcohol drinking (aOR = 6.6; 95% C1 = 3.5-13.0) for pharyngeal
cancer, but not for laryngeal cancer (aOR = 13: 95% (1 = 0.7-
2.5) on which cigarette smoking (aOR = 7.1) exerts a stronger sig-
nificant independent risk than alcohol drinking (aOR = 3.8). For
pharyngeal cancers, chewers who consumed >20 quid/day, chewed
with inflorescence in the quid or swallowed the betel quid juice
were at higher risks; significant dose-response effects were found
in daily quantity of drinking and chewing, and cumulative quan-
tity of drinking. Synergistic efTects from the 3 risk factors existed
both on the pharynx (aOR = 96.9) and the larynx (aOR = 40.3),
and attributed for 93.1% and 92.9% respectively. Our study is the
first evidence to show that betel quid chewing without tobacco has
different impact on the pharynx (digestive tract) and the larynx
(airway), and supports the concept that exposure quantity and
direct mucosal contact with the betel quid juice may contribute to
carcinogenesis. Our results show an important insight into the
impact of betel quid chewing on other sites of the digestive tract
other than the oral cavity.

© 2005 Wiley-Liss, Inc.

Key words: risk factors; areca; laryngeal neoplasms: pharyngeal
neoplasms; betel; alcohol; cigarene

Cigarette smoking and alcohol drinking are risk factors for can-
cers of the oral cavity, pharynx and Jarynx.'™® Betel quid chewing
with or without tobacco, a widespread habit in south and east
Asian countries, is an impontant risk factor having both independ-
ent and synergistic cffccls‘ with cigarette smoking and alcohol
drinking for oral cancer.”"* The risk of betel quid chewing with-
out tobacco on the pharynx and larynx in humans has not been
explored and is unknown.

Betel nut (areca nut) is consumed by an estimated 400-600 mil-
lion people worldwide, mainly IndoAsian, Chinese and Taiwa-
nese. It has a long history of use and is deeply ingrained in many
sociocultural and religious activities.” '* Betel nut is the seed of
the fruit of the onental palm, Areca catechu. It is seldom chewed
alone but is usually consumed in the form of betel quid, which is
most often prepared by adding different ingredients 1o the areca
nut, for example, the betel fruit (unnpe fruit, inflorescence of
Piper beile), betel leaf (leaf of Piper betle). slaked lime, catechu
and tobacco. mainly according to the local tradition and for the
purpose of flavor enhancing.'''* In general. although chewers
from different countries prepare betel quid in different ways, the
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main components of a betel quid within one geometrical region
are quile consistent.

In Taiwan, where 2 million people practice betel quid chewing, a
betel quid consists of either a areca nut wrapped with white-lime
smeared areca leaf, or a areca nut smeared with red-lime plus a
piece of unripe piper beile fruit*'® Although tobacco is never
chewed together with the quid in contrast with those chewed in
other Asian countries like India and Pakistan, the effects of the 3
risk factors: betel quid chewing without tobacco, cigareite smoking
and alcohol drinking are still inseparable because the majority of
chewers are also cigarette smokers with or without alcohol drink-
ing."* Most Taiwanese chewers habitually spit out the excessive
betel quid juice and saliva mixture (betel quid juice) while chewing.
The quantity of exposure and the duration of mucosal contact of the
swallowed betel quid juice in the pharyngo-laryngeal region are far
less than those inside the oral cavity. Hence the independent carci-
nogenic effect and possible synergistic actions, if any, with cigarelte
and alcohol could differ in the same manner. We carried out a hos-
pital-based case-control study to investigate the carcinogenic impact
of betel quid chewing without tobacco, cigarette smoking and alco-
hol drinking on cancers of the pharynx and larynx.

Material and methods
Study group

From November 2000 1o December 2003, 148 pharyngeal can-
cer patients and 128 laryngeal cancer patients, all male, were
recruited from the Otolaryngology Department, Kaohsiung Medi-
cal University Hospital (KMUH) and the Department of Radiation
Oncology, Kaohsiung Cheng-Gung Memorial Hospital. These
teaching hospitals are 2 of the 4 most highly regarded medical
centres serving the general population of southern Taiwan, and are
freely accessible to patients from all socio-economic groups. All
276 cases were enrolled from a group of 282 eligible patients
(refusal rate = 2.1%). All of them had histologically confirmed
squamous cell carcinoma at the anatomical sites (ICD- 10) of the
larynx (C32), hypopharynx (C13) and oropharynx (C10). We
excluded cancers of the soft palate (C05.1) and palatine tonsil
(CO9) in view of their close proximity to the oral cavity and
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ing, cigarette smoking and alcohol consumption. The diagnosis
(number=of subjects) of the controls were allergic rhinitis (21),
chronic paranasal sinusitis (10), acute rhinitis (26), common cold
(35). chronic tonsillitis (8), foreign body of pharynx (9), branchial

Personal interview

A trained interviewer met all cases and controls using a stand-
ard structured questionnaire, collecting information on socio-dem-
ographic characteristics, occupation and historical information
such as whether or not the patients were users: betel-quid chewers
(one quid or more daily for at leasy | year), cigarette smokers (one
cigarelle or more per day for at least | year) and alcohol drinkers
(drinking more then 4 days a week for a least 1 year). Current

Smoking status

Non-smokers 128
Smokers 127
Ex-smokers 27
Current smokers 100
Starting age
Non-smokers 128
>=20 year-old 41
<20 year-old 84
Duration (years)
Non-smokers 128
<=25 41
>25 84
p for trend
Daily quantity (cigarene/day)
Non-smokers 128
<=20 105
>20 22
p for trend
Cumulative exposure? (cigarette-years)
Non-smokers 128
<500 52
500-1000 47
> 1000 21
p for trend

ated with pharyngeal and laryngeal cancers .
smoking 30 cigarettes daily for 20 years, the ¢

LEE £T AL

consumption were also recorded.
cigaretie smoking and alcohol d
calculated (daily quantity X y
checked all completed questi
records. Data were then tran
computer analysis.

Statistical analyses
Adjusted odds ratios (aOR) and the

intervals (CT)

Compared 1o non-smokers,
cx-smokers (aOR
yngeal cancer (Ta

TABLE 1 - ESTIMATED s0R FOR DIFFERENT CIGARETTE SMOKING CHARACTERISTICS
Cigareite smoking/category Control n' st i "E“_“:'fi

——-—-—l‘r, —_——
a0R? (95% 1) n' 30R” (95% CT)
1.0 13 1.0
1 8(0.8-4.0) 115 7.1 (3.5-16.0)
1.6 (0.6-4.6) 22 43(1.9-12.6)
1.8 (0.8-4.2) 93 83(39-18.6)
1.0 13 1.0
1.9 (0.7-5.3) 17 7.0 (2.5-20.6)
1.7(0.8-3.9) 96 3(35-16.5)
1.0 13 1.0
1.8 (0.8-4.0) 17 6.9(33-157)
1.6 (0.4—5.8) 96 87 (3.0-26.2)
027 <0.0001
1.0 13 1.0
1.7(0.8-3.8) 82 6.5(3.1-14.8)
22(1.0-5.9) 31 11.3(43-3 1.3)
0.14 <0.0001
1.0 13 1.0
1.2(05-3.1) 25 5.2(2.2- 13.2)
2.1(0.9-5.0) 51 9.0 (4.0-22.0)
23(0.8-6.6) 36 10.0 (3.9-26.8)
0.06 <0.0001

higher risks were
= 4.3) and current smokers (a
ble I). Significant associalions

To assess the cumulative risks of
ninking, the “quantity-years™ was
cars of use). A field supervisor
onnaires and the relevan medical
sferred 10 coding sheets for further

found among both
= 8.3) for lar-
and wrends (p for
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TABLE 11 - ESTIMATED aOR FOR DIFFERENT ALCOHOL DRINKING CHARACTERISTICS

) ' Pharyngeal cancer Laryngeal cancer

RS S SO -’ a0R’ (95% C1) ' 0R'(95%Cl)
Dninking status

Non-drinkers 204 28 1.0 56 1.0

Dninkers 51 120 6.6 (3.5-13.0) 72 38(2.1-7.0)

Ex-dnnkers 11 2 7.4(2.8-203) 12 3.0(0.2-3.4)
Current drinkers 40 98 6.4(33-139) 60 4.1(2.5-8.8)

Starting age

Non-drinkers 204 28 1.0 56 1.0

>=20 year-old 36 91 7.4(3.7-14.9) 54 _ 392.1-7.49)

<20 year-old 14 28- 7.1(29-184) 16 34(14-8.8)
Duration (years)

Non-drinkers 204 28 1.0 56 1.0

<=30 35 75 7.0(34-149) 29 3.2(1.5-7.0)

>30 16 40 50(20-12.4) 39 4.1 (2.0-8.7)
p for trend <0.0001 i <0.0001
Daily quantity (ml/day)"

Non-drinkers 204 28 1.0 56 1.0

<=750 46 84 5.3(2.7-109) 52 3.1(1.7-5.8)

>750 4 31 32.5(10.0-1309) 15 10.3 {3.0-425)
p for rend <0.0001 <0.0001
Cumulative exposure” (ml/years)

Non-drinkers 204 28 1.0 56 1.0

<7500 24 11 1.0(0.3-2.9) 1 1.3 (0.5-3.4)

7500-15000 11 24 45(1.6-13.2) 11 2.3 (0.8-7.0)

> 15000 8 38 20.7 (7.4-64.5) 28 8.6 (3.5-23.2)
p for trend <0.0001 <0.0001

“Total sample size varies with the number of cases having available data.~’OR were adjusted for ciga-
retie smoking, betel chewing and age. Education level was not adjusted because it was not sigmficantly
associated with pharyngeal and laryngeal cancers.—’Quantity expressed in an equivalent of ml of
beer (5% ethanol) consumed daily; wine (10-12% ethanol) and spirits (35-45% ethanol) were accord-
ingly converted to their equivalent quantity (ml) of beer in proportion 10 their own ethanol concentra-
tion.—*Calculated by daily quantity X years of use; for example, drinking 700 ml of beer daily for
20 years, the cumulative exposure = 700 X 20 = 14,000 ml/ycars.

rend < 0.0001) were observed between smoking duration/daily
quantity/cumulative exposure and laryngeal cancer risk but not
pharyngeal cancer risk. The risk for pharyngeal cancer among
both ex-smokers and current smokers had weaker significance
in our study. Current drinkers were at higher risks at both sites
(Table IT). At each different level of drinking duration, daily con-
sumption and cumulative exposure, alcohol drinkers had shown
higher aORs for pharyngeal cancer than for laryngeal cancer. The
p for trend values of these drinking charactenstics were all statisti-
cally significant at both sites.

The impact of betel quid chewing are shown in Table II1. For
laryngeal cancer, no significant increased nisk could be detected
among ex-chewers and current chewers, or at each level and type
of exposure combination. Among pharyngeal cancer patients,
however, significant increased risks were found among both ex-
and curremt chewers. Chewers had an overall aOR of 7.7 (95%
Cl = 4.1-15.0). Different types of quid had variable nisks.
Chewers using betel inflorescence in the quid had a highest
risk (aOR = 13.5) whereas those using betel leaf had the lowest
(aOR = 5.4). Chewers who consumed a higher daily quantity of
betel quid (>20 pieces a day: aOR = 7.2) showed a higher risk
than those who consumed less each day; a significant dose-effect
response was evident (p for trend < 0.0001). Chewers who swal-
lowed the betel quid juice bad a higher nsk (aOR = 8.7) than non-
swallowers (aOR = 6.2) for pharyngeal cancer.

Table TV shows the synergistic effects of different habits combi-
nations. Of the total 148 pharyngeal cancer patients, 120 (81.0%)
were alcohol dninkers, 115 (77.7%) betel chewers and 130
(87.8%) were betel chewers. Only 3 (2.0%) were betel chewers
alone (B), 3 (2.0%) alcohol drinkers alone (A) and 4 (2.7%) ciga-
rette smokers alone (C). There was only one betel chewer alone
among all 255 controls. The small number of cases and controls in
this subgroup of betel chewers alone resulted in an unavoidable
unstable estimation of risk. Of all pharyngeal cancer, a highest risk
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(aOR = 96.9) was observed among 97 patients who were concom-
itant alcohol, betel and cigarette users (A + B + C) as compared
to that of both betel and cigarette (B + C) users (aOR = 19.0),
that of both alcohol and cigarette (A + C) users (aOR = 18.1),
and that of both alcohol and betel (A + B) users (aOR = 18.4).
For laryngeal cancer patients, 115 (89.8%) of the total 128 were
smokers. The aORs were 7.4 for cigarette alone, 7.3 for alcohol
alone, 27.9 for A + C users and 11.5 for B + C users. Because
there was no chewer who did not smoke (all chewers were also
smokers with or without drinking habit) in laryngeal cancer group,
the risk for both betel alone and A + B subgroups could not be
elucidated. For patients who were concomitant A + B + C users,
a highest risk (aOR = 40.3) for laryngeal cancer was observed.

The attributable fraction of cigarette smoking (PAR% ~ 77)
was higher than that of alcohol drinking (PAR% = 40) to the lar-
ynx. For pharyngeal cancer, the auributable risk from betel quid
chewing (PAR% = 67) was relatively close to that from alcohol
drinking (PAR% = 73), and both were higher than that of ciga-
retie smoking (PAR% = 43). The summary atiributable fraction
from the 3 risk factors to the pharynx and the larynx were 93.1%
and 92.9% respectively.

Discussion

Betel chewing is an important risk factor for pre-cancer and
cancerous conditions of the oral cavily in betel chewers, 71219
The chemical compounds of a betel quid are complex. According
1o the evaluation of carcinogenic risks to humans by the Interna-
tional Agency for Research on Cancer (IARC) in 1985, only betel
quid chewing with tobacco was evaluated as “carcinogenic to
human™ (Group 1). A new re-evaluation by IARC in 2004 con-
Cluded, for the first time, that both betel quid without tobacco (suf-
hcient evidence of an increased risk of oral cancer and experimen-
tal animals) and areca nut (sufficient evidence of carcinogenicity
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TABLE Hi -

ESTIMATED 20R FOR DIFFERENT BETEL QUID CHEWING CHARACTERISTICS

Betel quid chewing/category Control n' __ Pharyngeal cancer Laryngeal cancer
—— o _WOR'OSBCH A 2OR (5% CH__
Chewing status
Non-chewers 216 33 1.0 85 1.0
Chewers 39 115 7.7(4.1-15.0) 43 1.3(0.7-2.5)
Ex-chewers 11 44 95(4.3-28.1) 15 15(0.6-39)
Current chewers 28 71 69(3.4-14.3) 28 1.3(0.6-2.7)
Starting age
Non-chewers 214 33 1.0 85 1.0
>=20 year-old 13 55 99(4.4-238) 21 20(0.8-4.8) -
- <20 year-old =26 57 46(2.2-9.9) 22 1.0(05-2.2)
Daily quantity (pieces/day)
Non-chewers 216 33 1.0 85 1.0
<=20 12 16 25(1.0-3.8) 15 1.3(05-3.3)
>20 27 92 7.2(3.6-14.8) 25 1.2(0.6-2.5)
p for trend <0.0001 062 |
Type of quid /
Non-chewers 216 33 1.0 85 10
With betel inflorescence 4 30 135(43-525) 12 29(08-11.5)
With betel leaf 24 57 54(25-1L7) 20 08(04-19)
Mixed 10 21 58(23-157) 10 1.9(0.7-5.3)
Betel-quid juice swallowing
Non-chewers 216 33 1.0 85 1.0
Never swallowed 25 61 6.2 (3.0-13.0) 28 1.7 (0.8-3.5)
Swallowed 7 34 8.7(3.2-26.0) 13 1.9 (0.6-6.0)
Not sure 7 13 5.0(1.6-16.8) 2 0.2 (0.03-1.0)

"Total sample size varies with the number of cases having available data.-*OR were

rette smoking, alcohol drinking

associated with pharyngeal and laryngeal cancers.

adjusted for ciga-

and age. Education level was not adjusted becanse it was not significantly

TABLE IV - INTERACTIONS AMONG ALCOHOL, BETEL QUID, AND CIGARETTE FOR PHARYNGEAL AND
LARYNGEAL CANCERS

Cancer sites
Alcohol (A)  Betel quid (B) Cigarente (C)  Control n Pharyna Larynx

N a0R' (95% CI) N s0OR' (95% C1)
- - - 117 9 1.0 10 1.0
+ - - 7 3 8.6(1.545.7) 3 7.3 (1.3-36.0)
- + - ! 3 409(4.2-938.]) 0 -
- - g 72 4 1.1(0.3-4.2) 35 7.4 (3.1-19.7)
+ + - 3 3 184(28- 125.4) 0 -
4 - + 20 17 18.1 (6.0-61.9) 37 279 (10.9-80.9)
- + + 14 12 19.0(5.7-70.6) Il 11.5(3.6-39.5)
+ + + 21 97 969 (36.5-308.0) 32 403 (14.8-123.6)

'Adjusted OR were estimated by 7 dummy variables accordin

and cigarette and adjusted for age. Education
ciated with pharyngeal and laryngeal cancers.

in experimental animals) are carcinogenic to humans (Group 1).°
Only men were included in our study because the majority of
patients with pharyngeal or laryngeal cancers are men in Tarwan.
To avoid bias in patient selection that may lead to in homogeneity
in the extent of risk factor exposure, we have confined our pha-
ryngeal cancer patients with strict definition.

Betel quid chewing vs. pharynx and larynx

Our study showed that betel quid chewing without tobacco had
a significant independent risk for pharyngeal cancer but not for
laryngeal cancer. The aOR for laryngeal cancer across the various
chewing characteristics were not statistically significant. For the
pharynx, both ex-chewers and current chewers had significant
increased risks (Table ). These new findings are in contrast with
the recent report by Znaor e al.*' who showed a non-significant
result of betel quid without tobacco (OR = 1.37: 959 (] = 0.89-
2.10) in pharyngeal cancer patients (no data available for the lar-
ynx). Interestingly, betel quid with betel influorescence had a
stronger nisk as compared (o that with betel leaf. This can be al
least partly explained by a proposed antimutagenic effect of the
leaf.”**' More importantly, a significant increased risk and a posi-

g 10 the exposure of alcohol, betel quid,

level was not adjusted because it was not significantly asso-

tive trend were found in relation 1o daily quantity of betel] use, sug-
gesting the importance of the quantity of carcinogen exposure. In
a study in Papua New Guinea by Thomas and MacLennan,** oral
cancers were mostly found at the comer of the mouth and cheek
that corresponds precisely with the application of the lime while
chewing, causing the mean pH 10 nise 1o 10. Interestingly, our data
showed that pharyngeal cancer patients who were bere] quid juice
swallowers (aOR = 8.7) had a higher risk than non-swallowers

= 6.2), a possible similar adverse effect from the direct con-
tact of betel quid juice with the pharyngeal mucosa could be
present. The above results indicate that betel quid chewing without
tobacco had significant independent risk 1o the pharynx (digestive
tract) rather than the larynx (upper air way).

Cigarerte smoking vs. pharynx and larynx

Some epidemiological swdies have reported higher risks of
smoking for the larynx than the pharynx while others had the
opposite results. Choi er al.® concluded that the risk for cancer of
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tional case-control study with 1,147 male cases and 3,057 controls
by Tuyns et al.*” showed that the effect of tobacco is similar at all
sites of the larynx/hypopharynx, with elevated risk on the order of
10 at all sites for ever smokers. Menvielle et al® also reported
that subsites of the larynx and hypopharynx did not differ signifi-
cantly in risk in relation to tobacco smoking and th‘c OR among
current smokers ranged from 3-44. Franceschi ef al.' showed that
OR from smoking for pharynx and larynx were 12.9 and 4.6,
respectively. Heterogeneity in estimates of risk among these stud-
ies could be due 1o different definitions or selections on exposure
quantity, duration, anatomical sites and other confounding.

We have found that risk of cigarette smoking 1o the larynx was
significantly higher than that to the pharynx across each category
subgroups. Higher daily quantity and cumulative exposure, longer
smoking duration and current smokers had higher risks for laryn-
geal cancer. More importantly, significant positive trends of risk
across all category subgroups were shown on the larynx but not on
the pharynx (Table I). These results were in concordance with
those reported by others.”" Although pharyngeal cancer risk
seemed only to be modestly increased with less statistical signifi-
cance in current smokers (aOR = 1.8; 95%CI = (0.8-4.2), signifi-
cant increased risk was found in higher daily quantity smokers
(>20/day; aOR = 2.2; 95%CI = 1.0-5.9). Overall, our results
indicate that cigarette smoking was a stronger independent risk
factor to the larynx than the pharynx.

Alcohol drinking vs. pharynx and larynx

Epidemiological studies clearly indicate that drinking alcoholic
beverages are causally related to cancers of the oral cavity, phar-
ynx (excluding the nasopharynx) and the larynx. Generally, there
has been no indication that the effect is dependent on type of bev-
erage. In 14 case-control studies in North America and Europe all
showed that the relative risk increased with level of intake of alco-
holic beverages.™ A recent report by Menvielle er al.?® showed
that alcohol consumption had a significantly higher increased risk
for hypopharyngeal cancer than for glottic and supraglottic can-
cers. From various consumption levels, OR ranged from 1.4-5.9
among regular drinkers. Tuyns er al.” reported, based on a multi-
national case-control study on 1,147 male cases and 3,057 male
population controls, that the risks from alcohol drinking depend
on site: for drinking level of >80 g/day, the epilarynx and hypo-
pharynx (RR = 4.3) had a higher risk than the endolarynx (RR =
2.1). Many others have reported the odds ratios relating 1o alcohol
drinking for the pharynx and larynx.'** In this investigation, aOR
of current drinkers for pharyngeal cancer (aOR = 6.4) was higher
than that for laryngeal cancer (aOR = 4.1). Alcohol drinking had
higher odds ratios across the categories of drinking duration, daily
quantity and cumulative exposure level in pharyngeal cancer than
in laryngeal cancer (Table I1), indicating that alcohol dnnking has
a more prominent independent carcinogenic effect and stronger
dose-response effect on the pharynx than on the larynx.

Interactions among the risk factors

For pharyngeal cancer, Blot er al.*' reported among consumers
of both alcohol and cigaretie, risks of oropharyngeal cancer tended
to combine more in a multiplicative than additive fashion and
were increased more than 35-fold among those who consumed 2
or more packs of cigarettes and >4 alcoholic drinks per day. For
laryngeal cancer, Dosemeci et al.* in Turkey reported that the rel-
ative risk oijoinl exposure to smoking and alcohol was 12.2. Tala-
mini et al.?” reported in a study conducted in northern Taly and
Switzerland, that combined alcohol and tobacco consumption
showed a higher, multiplicative (OR = 177) rather than an add;-
tive risk. The discrepancy in estimation of risks among these stud-
ies could be due to the fact that smoking patterns differ largely
and drinking patterns relating to overall level of alcohol consump-
tion, choice of alcoholic beverages, differences by gender and age
and temporal vanations, differ among and within societies world-
wide.

p3s”,
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Adding the effect of betel quid chewing to drinking and smok-
ing becomes more complicated in clucidating their combine
risks. In our previous study for oral cancer in Taiwan, the occur-
rence of oral cancer was 123-fold higher in patients who were
concomitant A + B + C users than in abstainers® Our present
results show that for the pharynx, concomitant A + B + C users
had a highest risk in compare with those users having any one or
two of the three habits, showing the presence of synergistic
effects (Table IV). For betel chewing, the small numbers of
patient in betel chewing alone subgroup reflects the real chewing
pattern in Taiwan: the majority of chewers are also cigarette
smokers (96.2% of cases and 89.7%,_ of controls) with or without
alcopol drinking. Nevertheless, the estimated aOR of concomi-
tant A + B + C users for the pharynx (aOR = 969) was higher
than that for the larynx (aOR = 40.3), but both were lower than
that of the oral cavity reported in our previous study. Our present
data indicate that the quantity of e posure and direct mucosal
contact by the carcinogens of the bc:ll quid 1o the mucosa of the
pharynx and larynx, besides other site-specific factors, may be
different and hence may lead to different impact on these 2 tar-
get organs in the course of carcinogenesis.

Our study has a number of strengths. Most notably, this is the
first report demonstrating a positive independent carcinogenic role
of betel quid without tobacco on the pharynx but not the larynx in
a community where all chewers never add tobacco 1o the quid.
This will provide a chance to investi gate the impact from the betel
quid without the interference from the chewed tobacco. Second,
the pharyngeal cancer group were homogeneous, so as to achieve
a more accurate estimation of risks in the pharynx. Finally, we
have reached a new finding that in concomitant alcohol, betel and
cigarette users, the combined risks from the 3 nisk factors on the
pharynx and the larynx are lower than that in the oral cavity. This
investigation also has some limitations inherent in any hospital-
based case-control investigations. Among the controls, selection
bias is always a concern. Although we have excluded those having
any condition known to be associated with the 3 risk factors, indi-
viduals from the outpatient and inpatient department of a hospital
might have more unhealthy habits than the general population.
Hence ending up with potential underestimated results in the cases
relative to those that might have been seen with truly comparable
controls. Estimates of the quantity of alcohol drinking, betel chew-
ing and cigarette smoking are difficult and tend 10 be imprecise.
More specifically, the small or null number of subjects in a few
but critical subgroups in our controls and cases resulted in limited
staustical power or unavailability of data in pan of our analysis.
This shortcoming heralds the need for a long-term collection of
more cases and controls who are betel quid chewers alone.

Conclusion

In conclusion, betel quid chewing is an important attributable
factor and a strong independent risk factor for pharyngeal can-
cer similar to that of alcohol drinking, but not for laryngeal can-
cer on which cigarette smoking excnts a stronger carcinogenic
effect than alcohol drinking. However, synergistic effects from
these three nisk factors exist both on the pharynx and the larynx.
Our results implicate that the exposure quantity and direct
mucosal contact with the carcinogen with the target organ may
contribute to the process of carcinogenesis. Further studies to
explored the associations between berel quid chewing and can-
cers of other sites of the digestive tract, for example, the esoph-
agus and stomach, and the effects on other systems of humans
are necessary.
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Compared with the well-documented association with betel-related cancer, little is known about the long-term
effect of areca nut chewing on other fatal diseases. The authors' analyses were based on a population-based
cohort study in Taiwan, including 4,049 participants aged 60 years or older enrolled in 1989 and 2,462 participants
aged 50-66 years enrolled in 1996. Information regarding betel quid chewing and covariates was collected at
baseline and was updated at subsequent interviews. Proportional hazards analysis was performed to determine
the effect of chewing on all-cause and cause-specific deaths. During a mean follow-up of 9.5 years, 2,309 deaths
occurred. Ever chewers were at higher risk of only total (hazard ratio = 1.19, 95% confidence interval: 1.05, 1.35)
and cerebrovascular (hazard ratio = 1.66, 95% confidence interval: 1.19, 2.30) deaths. Furthermore, increased
chewing-years or quid-years appeared to be associated with increased mortality risk (linear trend: p = 0.02 for total

mortality and p = 0.001 for cerebrovascular montality). The authors found that, although betel quid chewing resulted
in a statistically significant increase in the risk of total and cerebrovascular deaths in the elderly population, the
associations were weak and should be interpreted with caution. Further studies are needed to confirm these
findings and to better understand the possible mechanisms of death.

aged; areca; cohort studies; mortality

Areca nut chewing is an indigenous habit common in
habitats of the tropical palm trees bearing the nut, notably
in Central, South, and Southeast Asia, and some South Pa-
cific islands (1). It is estimated that the habit is practiced by
200600 million persons around the globe, accounting for
10—20 percent of the world’s population (1, 2). With the
growing number of immigrants from those arcas, consump-
tion of areca nut is increasing in western Europe and North
America (2), where areca nut chewing, compared with to-
bacco use and alcohol intake, remains an underrecognized
public health issue.

Across countries, areca nut is prepared in different ways
from different forms of areca nut 1o betel quid—a mixture
of areca nut and flavoring ingredients with or without pro-
cessed tobacco leaves. For example, in India, Pakistan, Ban-

gladesh, and Sri Lanka, the fresh, dried, or cured areca nut is
commonly chewed with slaked lime, some flavorings, and
cut tobacco leaves or powder wrapped in betel leaf (1, 3).
However, in Taiwan, the unripe areca nut is often chewed
with slaked lime, sometimes together with betel inflores-
cence or betel leaf, but tobacco is not added (3.4). Although
areca nut or betel quid is used as a psychoactive substance
(5), its carcinogenic effect has been observed in both animal
and epidemiologic studies (6). In 2004, the International
Agency for Research on Cancer confirmed areca nut and
betel quid as human carcinogens with sufficient evidence
of increased risk of precancerous oral fibrosis and cancer
of the oral cavity, pharynx, and esophagus (3).

Except for cancer of the upper digestive tract, population-
based studies examining the long-term association of areca

Correspondence 1o Dr. Tzuo-Yun Lan, Division of Gerontology Research. National Health Research Institutes, Room 4110, 4F, No. 161,
Ming-Chuan East Road, Sec. 6, Taipei 114, Taiwan (e-mail: tylan@ nhn org.tw)
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nut chewing with other types of cancer or other diseases
have been relatively rare. Only a few cross-sectional surveys
have attempted to examine the association between areca
nut and psychological Symptoms (5) or diabetes (7). A ma-
Jor reason is lack of cohort studies to facilitate longitudinal
assessment of their causal relation and 1o eliminate the con-
founding effect of tobacco potentially existing in the study
because areca nut is often chewed with tobacco (8, 9). It
therefore remains unclear whether areca nut chewing has
effects similar 1o those for cigarette smoking on the devel-
opment of different diseases such as cardiovascular diseases
(10). As mentioned, in Taiwan, bete] quid is chewed without
tobacco, which provides an opportunity 1o better understand
the independent effect of betel quid on diseasés (8, 9). Using
nationwide health data, we previously identified the link
between betel quid chewing and obesity (11), a predisposing
factor for cardiovascular, metabolic, and other chronic dis-
eases. In the present cohon study, we extended our analyses
to prospectively examine the relations of betel quid chewing
with total and cause-specific morntality.

MATERIALS AND METHODS
Study cohort

The Survey of Health and Living Status of the Near El-
derly and Elderly in Taiwan, a prospective cohort study
jointly funded by the US National Institute on Aging and
the Taiwan government, was conducted by the Taiwan Pro-
vincial Institute of Family Planning (now incorporated into
the Bureau of Health Promotion, Departiment of Health,
Taiwan) and the Population Studies Center at the University
of Michigan. The study began in 1989 with a sample of
4,049 persons aged 60 years or older. The sample was re-
interviewed in 1993. In addition to elderly persons, the near-
elderly population has grown into a crucial constituent of
the rapidly aging society. Taking this factor into consider-
ation, with its 1996 interview, the study was extended 1o
include a sample of 2,462 persons aged 50-66 years. The
interview was conducted again in 1999 so thar all 6,511
study participants were interviewed at 3- 10 4-year imervu_ls,
Both samples were drawn, through a three-stage probability
sampling method (12, 13), from the entire elderly or near-
elderly population of Taiwan. Data used in this analysis
comprise four waves (1989, 1993, 1996 and 1999) of in-
person interviews for the 1989 elderly cohor and two waves
(1996 and 1999) for the 1996 near-elderly cohort.

Betel quid chewing and covariates

In the initial interview, study participants were asked to
report whether they chewed betel quid. Betel quid users
were asked to provide information on slarting age and av-
crage amount consumed daily. Former users were also asked
their age at quitting. Those having tried chewing only one or
two times in their lifetime were regarded as never chewers.
A half quid per day was used 10 represent the amount ol’qu_u_i
consumed per day for those who chewed less than one quid
per day on average. Chewing status was updated in subse-
quent interviews throughout the study period so we could

calculate cumulative time and amount of chewing. Similar
1o pack-years or cigarette-years of smoking commonly used
in smoking-related studies to evaluate long-term cumulative
exposure, quid-years of chewing were calculated by mulu-
plying the number of betel quids per day by the number of
years of chewing reported at the last interview.

Other information collected at baseline through a prede-
signed, pretested questionnaire included age, sex, living area
as an indicator of geographic variations in social and health
status, functional status, and selected history of chronic con-
ditions reported by the physicians. Similar items in follow-
up questionnaires were used to update information. Because
questions regarding difficulties in daily functioning activi-
lies were ol consistent across interviews, difficulty in bath-
ing was used as the indicator of functional status. In addition,
information regarding cigaretie smoking and alcohol intake
was also considered because use of these substances may
confound the relation between bete} quid chewing and dis-
cases or mortality (4, 14). X

To better control these confounders in the survival anal-
yses, we used, in addition 1o smoking and drinking status,
cumulative pack-years of smoking and average weekly eth-
anol consumption to quantify the use of cigarettes and al-
cohol. Cumulative pack-years of smoking were calculated
as average daily use of cigarettes across interviews multi-
plied by cumulative smokin g-years divided by 20. Level of
cigaretie smoking was further grouped into five categories:
never, low (<12 pack-years), middle (12-36 pack-years),
high (>36 pack-years), and ever smokers without detailed
smoking information.

Average weekly ethanol consumption was defined as the
average amount of ethanol consumed weekly across inter-
views. Because ethanol content is determined by both bey-
¢rage type (4.5 percent in beer, 12 percent in wine, 40
percent in liquor, and 8 percent in Chinese medicinal wine)
and unit per drink (600 ml in a large bottle, 300 ml in a smal)
bottle, 350 ml in a can, 120 ml in a large glass, and 20 m] in
a small glass), weekly ethanol amount for a consumed bev-
crage was calculated as follows: ethanol content for the
beverage X total amount for each type consumed X fre-
quency per week. The weekly ethanol amounts for different
consumed beverages were then added to produce weekly
ethanol consumption. Similarly, level of ethanol consump-
ton was categorized as never, low (<10 m)] of ethanol),
middle (10-85 ml of ethanol), high (>85 ml of ethanol),
and ever drinkers without detailed drinking information.

Outcome measures

Deaths that occurred between the mitial interviews in
1989 for the elderly cohort and 1996 for the near-elderly
cohort and December 31, 2003, were reported by families
of study participants at subsequent interviews and were
confirmed by the national death registry at the Department
of Health, Taiwan, from which detailed information about
the death, including the dates and major causes, was also
obtained. Causes of death were classified by using the cod-
Ing sysitem of the International Classification of Diseases,
Ninth Revision, Clinical Modification (15). In the analysis,
all causes of death were grouped into cancer, diabetes,

Am J Epidemiol 2007:1 65:677-683
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TABLE 1. Characteristics of the study cohort at baseline* according to betel quid chewing status, Taiwan, 1989 and 1996

Betel quid chewing status

Never chewer

Ever chewer (n = 901)

Characteristic (n = 5.602) Former chewer Current chewer Total pvaluet
(n=373) (n = 528)
No. % No % No %  No %
Sex: male - 2839 507 a3t 88.7 407 771 738 818 <0001
Age in years (mean (standard deviation)) 646 (7.7) 63.0 (8.1) 616 (7.0) 622 (7.5) <0.001

- Living area g - <0.001

North 1,702 30.4 63 16.9 57 10.8 120 133

Central 1,814 324 145 389 178 37 323 358

South and east a 2,08 372 165 442 293 555 458  50.8 |
‘Medncai history

Hypentension 1,358 251 82 220 104 19.7 186 20.7 0.004

Anemia 469 8.4 22 59 a3 63 55 6.1 0.02

Heart disease 598 179 38 10.2 60 114 98 109 <0.001

Liver disease 310 55 28 75 40 76 68 7.6 0.02

Arthritis 1,402 251 59 15.8 112 213 171 19.0 <0.001
Smoking status

Current or former smoker 2,192 392 328 879 423 80.3 751 834 <0.001
Alcohol intake

Current or former drinker 1,798 322 264 70.8 330 626 594 66.0 <0.001
Physical function

Has difficulty 264 47 17 46 12 23 29 32 0.04

* For the pooled cohort at baseline, we included data for 4,049 subjects aged 60 years or older collected in 1989 and for 2,462 subjects aged

50-66 years collected in 1996.

t p values represent differences between the never and the ever betel quid chewers.

cardiovascular conditions, liver cirrhosis, respiratory condi-
tions, and other causes. Some of these groups were further
classified into subgroups. Cancer was divided into oral
cavity and esophagus, stomach, liver, lung, and others. Car-
diovascular conditions were divided into coronary heart
discase, cerebrovascular disease, and others. Respiratory
conditions were categorized as pneumonia and chronic
obstructive pulmonary disease. These groups or subgroups
were the main causes of death commonly seen in Taiwan
in recent years (16).

Statistical analysis

In the descriptive analysis of baseline information and
chewing status, frequency distnibutions for categorical var-
iables or means plus standard deviations for continuous var-
iables were used. A chi-square 1est or independent 1 test, as
appropriate, was used 1o compare never chewers with ever
chewers. Survival data were modeled with Cox proportional
hazards regressions 10 estimate hazard ratios associated with
groups of deaths from different causes among groups of
chewers. The assumption of proportional hazards, the con-
stant hazard ratio or proportionality of hazards from one
case to another over ime, was tested graphically. The log
survival probabihues plot stratfied by chewing status
showed two separate lines, indicating no violation of the

Am J Epidermiol 2007,165:677-683

assumption. Results were consistent across the two cohorts
in the models; the data were therefore combined.

In addition to age- and sex-adjusted models, multivariate
models were also adopted to assess confounding in the asso-
ciation between betel quid and mortality with the adjustment
of covariates that had previously been tested with si gnificant
differences between never- and ever-chewer groups in the
descriptive analysis. Curves for overall survival were esti-
mated by the Kaplan-Meier method (17). Cumulative years
and quid-years of chewing, stratified into groups, were fur-
ther used 1o examine the dose-response relation. Because 247
ever chewers were either uncertain about or failed to pro-
vide the exact number of quids per day, a category listed as
“missing” was added in the analysis of quid-years of chew-
ing. A test for trend was also conducted by trealing cumula-
tive chewing-years and quid-years of chewing as a continuous
variable. p values for all tests were two tailed, and statistical
differences were considered at the <0.05 level. All analyses
were performed by using SPSS version 12 software (SPSS
Inc., Chicago, 1llinois).

RESULTS

For the 6,511 swdy panicipants enrolled, information on
betel quid chewing was provided for 6,503 ap baseline. At
baseline (1able 1), about 13.9 percent reported having a betel
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TABLE 2. Numbers of deaths and hazard ratios*

bycauseoldeaﬂ;andbetelquidcheﬁngsﬂus,f Taiwan, 1989 and 1996

Betel quid chewing status
a Never chewer Ever chewer
Cause of eath (ICD-9¢ code(s)) (n = 5.586) (n=917)
0 0
:;g HR{ ;"m: HRS  95%Clt  pvabe HRY  gswcy p value
Cancer (140-208) 418 100 71 110 085143 045 103 078,13 o085
Oral cavity and esophagus (140-150) 27 1.00 10 1.95 093, 4.11 0.08 1.60 0.73,354 0.24
Stomach (151) 51 100" 6 079 03418 059 o078 032,19 059
Liver (155) 79 1.00 10 0.69 0.35, 1.35 0.28 0.61 0.30, 1.27 0.19
Lung (162) 85 100 19 138 083229 021 115 o0gs 195 0.60
Other 176 1.00 p 26 1.09 0.72, 166 ; 068 1.10 071,172 0673
Diabetes (250) 161 100 23 118 075,184 047 114 071 18s 0.579
Cardiovascular conditions (390-459) 82 100 102 136 110,169 0004 14y 112,177  0.003
Coronary heart disease (410-414) 134 100 19 110 067178 071 122 073204 0.45
Cerebrovascular disease (430—439) 254 1.00 51 152 112,206 0008 166 1.19, 230 0.003
Other 184 100 32 135 092197 013 118 079 178 0.41
Liver cirthosis (571) 40  1.00 10 162 079.331 019 169 078 363 0.18
Respiratory conditions (460-519) 227 1.00 39 1.23 0.88, 1.74 023 1.22 0.85,1.75 0.28
Pneumonia (480-486, 507) 100 100 7120 077,217 034 142 082247 0.22
m&&m; 99 100 '8 123 074,204 043 111 0gs 188 0.71
All other causes 554 1.00 82 1.18 093, 1.49 017 1.08 084, 1.38 0.54
Total 1982 100 37 124 110,139 <0001 119 105,135 0007

* Hazard ratios are from a Cox proportional hazards model.
1 Chewing status was measured throughout the last interview,
# ICD-9, International Classification of

Diseases, Ninth Revision: HR, hazard ratio; CI, confidence interval.

Y Adjusted for sex, age at baseline, living area, and the following factors updated until the last interview: presence or absence of hypertension,
anemia, heart disease, liver disease, arthritis, and physical difficulty; and levels of cigarette smoking and alcohol intake.

quid chewing habit currently or in the past. Compared with
never chewers, ever chewers were more likel y to be men, be
younger, live in southern and eastern areas, and have liver
disease but were less likely to have hypertension, anemia,
heart disease, anthritis, and physical difficulty. Chewers also
tended to be cigarette smokers and alcohol users. A total of
2,309 deaths occurred during follow-up, including 489 from
cancer, 184 from diabetes, 684 from cardiovascular condi-
tions, 50 from liver cirrhosis, 266 from respiratory condi-
tions, and 636 from other causes. The average follow-up
period was 9.5 years (standard deviation, 4.2), with 109
years (standard deviation, 4.7) for the 1989 cohort and 7.2
years (standard deviation, 1.3) for the 1996 cohort.

Only a borderline significant association was detected
between chewing status and cancer of the oral cavily and
esophagus, with adjustment for age and sex. However, this
weak association disappeared after adding other covariates,
including living area, hypertension, anemia, hean discase,
liver disease, arthritis, physical difficulty, cigarette smoking,
and alcohol intake. Ever chewers were at a significantly
higher risk than never chewers of dying from cardiovas-
cular conditions, cerebrovascular disease, and all causes,
both when age and sex and when age and sex together with
other confounding factors were considered in the models

[pto »

(table 2). The significant risk of cardiovascular conditions
was fully attributable 10 cerebrovascular disease because the
risk of other subgroups of cardiovascular conditions was not
significant.

Figure | shows the Kaplan-Meier estimates of time of
death or the end of follow-up for the two cohorts. The prob-
abilities of survival for the 1989, 1996, and combined co-
horts were significantly lower for ever chewers than for
never chewers. The p values for the log-rank test were
0.003, 0.033, and less than 0.001, respectively. Similar re-
sults were also observed for death from cerebrovascular
disease; p values were 0.003, 0.049, and 0.005, respectively.

The hazard ratios of total death and death from cerebro-
vascular disease according to level of bete] quid consump-
tion in years are shown in table 3. After adjustment for
confounders, betel quid chewing-years was associated
with both total (p = 0.02 for trend) and cerebrovascular
(» = 0.001 for trend) mortality. A significani increase in
the risk was observed for chewers who had chewed for
2539 years and for 40 years or longer when never chewers
(chewing year = 0) were considered the reference group.
Similarly, quid-years of chewing was related 10 death from
all causes (p = 0.02 for trend) and cerebrovascular disease
(p = 0.001 for trend) after the same adjustment. There was

Am J Epidemiol 2007,165:677-683
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FIGURE 1. Kaplan-Meier estimates of survival for the 1989 cohort
(A) and 1996 cohort (B) of study subjects according 1o betel quid
chewing status, Taiwan.

a significantly increased nisk for chewers with 350 quid-
vears or more of chewing (1able 4).

DISCUSSION

In this population-based cohont study in Taiwan, we
found betel quid chewing 10 be associated with monality
from all causes and cerebrovascular disease, but not with

Am J Epidermol 2007;165:677-683

mortality from cancer and other causes among near-elderly
and elderly persons. Our results also showed dose-response
relations in which the increased risks were mainly for
chewers who chewed for 25 years or for 350 quid-years or
longer compared with those who never chewed. Overall, our
findings may provide new evidence linking elevated mortal-
ity risk with long-term betel quid chewing,

Betel-related cancer, mainly including that of the oral
cavity, pharynx, and esophagus, usually occurs in persons
aged 45-65 years. The S-year survival rate varies from
6 percent to 10 percent for esophagus cancer 1o 40— 50 per-
cent for oral cancer (18). In Taiwan, results from several
studies have indicated that betel quid chewers who had these
cancers were significantly younger than ponchewers (9). For
example, the mean age of oral cancer patients with a betel
quit chewing habit was 50 years, more than 10 years younger
than patients without the habit (19). Betel quid chewers also
reported a poorer prognosis, yielding a significantly lower
survival rate than for nonchewers (19). Moreover, the effect
of chewing on oral-related cancer was significantly strong in
persons aged 50 years or younger, suggesling a relatively
lower risk for those who were older (20). These character-
istics of early age at onset, low survival rate, and different
age susceptibility for betel quid chewers probably explain
why mortality from cancer, especially betel-related cancer,
was not associated with betel quid chewing in our study,
because we observed only near-elderly and elderly persons.

Betel quid chewers who might have escaped the risk of
betel-related cancer and reached older age, however, were
not free from other diseases. In our study, they were at
a relatively higher risk of death in later life from either all
causes or cerebrovascular diseases. Of course, it is curious
and crucial 10 understand why long-term chewing of betel
quid is linked with cerebrovascular diseases. including
stroke. Betel quid consumed without tobacco consists, in
addition 1o areca nut, of a complex range of accompani-
ments covering slaked lime, betel leaf, spices, sweelteners,
inflorescence, and/or catechu. Chewing these matenals re-
sults in exposure 10 areca nut alkaloids (mainly arecoline
and arecaidine), polyphenols, tannin, trace elements (e.g.,
copper), areca-nut-derived nitrosamines that have been
found in chewers’ saliva, and other chemicals.

Most of these chemicals’ relations with diseases have
yet to be identified. Some studies have attempted to unravel
the exact mechanisms involved in oral cancer (6) or obesity
(21). As noted previously, the association of areca nut chew.
ing with obesity and diabetes has been observed cross-
sectionally. It is possible that the contribution of areca nut
chewing 10 cardiovascular, mainly cerebrovascular, death
lies in the fact that some of the chemicals from alkaloids
may trigger increased appetite and glucose intolerance
(7, 11), which in turn lead 1o obesity, diabetes, and subse-
quent death from cardiovascular conditions. The detailed
mechanism by which the chemicals singly or jointly induce
the specific disease remains unclear and merits further
investigation.

On the other hand, the possible cause may have no direct
link to these chemicals of betel quid. In recent years, in-
creasing attention has been paid 10 investigating periodontal
disease and its association with cardiovascular conditions,

11,
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TABLE 3. Hazard ratios of total and cerebrovascular mortality by cumulative years of betel quid chewing,*

Taiwan, 1989 and 1996

Total mortality Cerebrovascular morality

No. of years

of chewing m HRt,4 95%Clf  pvalue ;";,‘: HR{  95%Cl  pvalue
Never chewer (n = 5586) 1,982 100 002§ 254  1.00 0.001§
1-9 (n = 207) 69 118 093,151 018 9 127 065251 048
10-24 (n = 204) 58 101 077,132 095 6 095 042,216 090

. 25-39 (n = 259) 80 128 102 162 004 14 205 117,359 0.01

>40 (n = 247) 120 125 103,151 002 22 210 133,332 0002

* Chewing-years for chewers were categorized based on a quartile distribution.

t HR, hazard ratio; Cl, confidence interval.

e

i
# Adjusted for sex, age at baseline, living area, and the following factors updated until the last interview: presence

or absence of hypertension, anemia, heant disease, liver disease, arthritis, and physical difficulty; and levels of

cigarefte smoking and alcohol intake.

§pvaluesareb«ﬁwartmrﬂacrossalmtegoﬁ&sofyeamaibelelquiddaewirg

especially cerebrovascular events (22, 23). For example, the
results of a meta-analysis of nine cohort studies indicate that
the relative risks of future cardiovascular events and stroke
for persons with periodontal disease were 1.44 and 2.85,
respectively (24). Periodontal disease has also been linked
with betel quid chewing. In Taiwan, a significantly higher
prevalence of periodontal problems was observed in betel
quid chewers than in nonchewers (25), suggesting that betel
quid chewers may be at a higher risk of chronic microbial
infection (e.g., subgingival infection) that can lead to sub-
sequent cerebrovascular events (26).

Our study finds its major strengths in its ability to control
lobacco use and other potential confounders, to perform
a substantial and complete mortality follow-up for as long
as 14 years, and 10 make available the responses 10 a re-
peated questionnaire that helped to assess the continuous
conditions of betel quid chewing and other covariates.

Some methodologic issues should be considered when
interpreting the results. First, although the number of study
participants was large, the low prevalence of belel quid

chewing in the older population, partly due to the survival
effect, may have resulted in an underestimate of the associ-
ation with montality. Second, some values for betel quid
amount in the analysis of quid-years and monality were
missing, which inevitably reduced the power to evaluate
the association. Third, measurement errors in self-reported
questions of betel quid chewing as well as other health in-
formation, such as chronic conditions included in the study,
might have biased the association between betel quid chew-
ing and monality. Similarly, our results could have been
influenced by inaccuracies in identifying the primary cause
of death. However, previous reviews found that death cer-
tificates and codes in the national death registry files were in
overall agreement (27).

Fourth, certain health-related factors that could also affect
chewing habits and other objective measures of physiolog-
ical conditions, such as blood pressure and biochemical in-
dicators, were not included in the study, which may also
have biased the estimation of mortality hazard. Finally,
our study was originally designed to understand factors

TABLE 4. Hazard ratios of total and cerebrovascular monrtality by quid-years of betel quid chewing,*

Taiwan, 1989 and 1996

Total montality Cerebrovascular montality
i e T -
decihs. HRLE 95% Clt pvae e HRY 95% CI p value

Never chewer (n = 5586) 1982  1.00 002§ 254 1.00  0.001§
<50 (n = 222) 62 111 085143 045 7 109 051,235 083
50-349 (n = 224) 68 1.18 092,152 019 7 1.17 054,252 069
>350 (n = 224) 82 1.31 104, 1.64 0.02 16 243 142,416 0.001
Ever chewer with no quid

information (n = 247) 115 1.17 097,142 01 21 1.79 1.13,284 0.01

* Chewing-years for chewers were categorized based on a tertile distribution.

1 HR, hazard ratio; ClI, confidence interval

# Adjusted for sex, age at baseline, living area, and the following factors updated until the last interview: presence
or absence of hypertension, anemia, hean disease, liver disease, arthritis, and physical difficulty; and levels of

cigarefte smoking and alcohol intake.

§ p values are for linear trend across all categones of quid-years of betel quid chewing except the category of

“Ever chewer with no quid information.”
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associated with general health and living arrangements, not
to determine mortality risks. Our data therefore could not
fully control for all potential factors affecting mortality, in-
cluding diet. As a result, we cannot rule out the possibility of
residual confounding by factors that were not evaluated or
were not adequately measured or controlled.

In conclusion, these prospective data represent the first
report, to our knowledge, from a population-based study of
the impact of exposure 1o betel quid consumption on mor-
tality from different causes. Betel quid chewing is associated
with total and cerebrovascular mortality among middle-to-
old-aged ever chewers. These data also suggest that the ef-
fects of betel quid chewing on monality from all causes and
cerebrovascular disease may be cumulative. Nonetheless, we
need to be cautious when interpreting these results because
the significant, but weak associauions still leave room for
some skepticism, including possible bias from random error
or misclassification. Obviously, more investigations, prefer-
ably with a larger sample size and longer follow-up time, are
needed to further clarify our findings.
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ABSTRACT
Background: Betel nut chewing isrelated to several kinds of cancer,
metabolic syndrbme, and type 2 diabetes. Whether it 1s associated

Objective: We aimed to investigate the association between betel
nut chewing and CVD and all-cause mortality.

Design: A baseline cohort of 56 116 male participants =20 y old
were recruited from 4 nationwide health screening centers in Taiwan
hazards regression analyses
were used to estimate the relative risks (RRs) of CVD and all-cause
mortality for betel nut chewers during an 8-y follow-up period.
Results: There were 1549 deaths during the follow-up period, 309
of which were due to CVD. Afier adjustment for age, body mass
index, diabetes, hypertension, lipids, smoking, alcohol consump-
tion, physical activity, income, and education level, the RRs (95%
CI) of CVD and all-cause mortality among the former betel nut
chewers were 1.56 (1.02, 2.38) and 1.40 (1.17, 1.68), respectively,
and those among current chewers were 2.02 (1.31, 3.13) and 1.40
(1.16, 1.70), respectively, compared with persons who had never
chewed betel quid. Current and former betel nut chewershad a higher
nsk of CVD monality (RR: 2.10; P < 0.05) than did current and
former smokers. Greater frequency of betel nut chewing was asso-
ciated with greater CVD and all-cause mortality.

Conclusions: Betel nut chewing was independently associated with
a greater risk of CVD and all-cause mortality in Taiwanese men.
Regular screening for betel nut chewing history may help prevent
excess deaths in the future. An anti-betel nut chewing program is
urgently warranted for current chewers. Am J Clin Nutr 2008:
87:1204-11.

INTRODUCTION

Betel nut (Areca catechu) is the fourth most widely used
addictive substance in the world. Betel nut chewers now make up
=10% of the world’s population (1,2). There are many different
ways 10 prepare betel nut. For example, in South Asia, people
chew the fresh, dried, or cured betel nuts with slaked lime, betel
leaf (Piper betle vine), and tobacco leaves (2, 3). In Taiwan,
however, people chew betel nuts in combination with P, betle
(inflorescence or leaf) and lime but without tobacco leaves (3, 4),
Four main arecal alkaloids (ie, arecoline, arecaidine, guvacine,
and guvacoline) are absorbed during betel nut chewing (1).
The arecal alkaloids have been shown to be inhibitors of
y-aminobutyric acid receptor and also to have many physiologic
and metabolic effects on the brain, cardiovascular system, lung,
gut, and pancreas (1).
1204
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Betel nut chewing is associated with increased risk of
cardiovascular disease and all-cause mortality in Taiwanese men'2 -

Lin, Chih-Yang Huang, and Kuo-Chin Huang

Betel nut chewing is linked not only to the development of oral
and esophageal caner, hepatocellular carcindma, and liver cir-
rhosis (1, 5-10) but also toobesity, type 2 diabetes, hypertension,
hyperlipidemia, metabolic syndrome, and chronic kidney dis-
ease (11-16). However, it is unclear whether bete] nut chewing
is associated with cardiovascular disease (CVD), whichis one of
the leading causes of death worldwide (17). In Taiwan, the prev-
alence of betel nut chewing is as highas 16.9% (31% in men and
2.4% in women, respectively) (15). Until now, however, there
has been no study of the long-term effect of bete] nut chewing on
CVD and all-cause mortality. Therefore,
association between betel nut chewing and CVD ang all-cause
mortality in a large Taiwanese cohort.

SUBJECTS AND METHODS

Subjects and measurements

The data were collected from 4 private nationwide MJ Health
Screening Centers in Taiwan in 1998 and 1999, The registered
health practitioners in these centers provide a multidisciplinary
leam approach to the health assessment of their members. Most
of the members undergo a health examination every 3-4 y, and
=30% of them will receive the same health check-up every year,
A total of 58 771 male adults =20 yold,outof 124 513 subjects,
were recruited into the study; female betel nuy chewers were
excluded because the prevalence of betel nut chewing in women
was very low (0.46%). Among the 58 771 male adults, 2655 did
not complete the items pertaining to betel nut chewing habits on
the questionnaire. Therefore, the baseline cohort analyzed in the
study comprised 56 116 participants. The population structure in
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our study was similar to the national data for adult males pub-
lished by the Taiwanese government (18). Deaths were ascer-
tained by computer linkage to the national deathregistry by using
identification numbers. All deaths that occurred between study
entry and December 2005 were included. Deaths with Interna-
tional Classification of Disease, Ninth Revision (ICD-9) codes
390459 were classified as CVD deaths (19).
Anthropometric characteristics, blood pressure, and plasma
fasting glucose and lipid concentrations were measured and were
described in an earlier repont (20). In brief, trained staff measured
the height (to the nearest ().] cm) and weight (1o the nearest 0_]
kg) of each participant by using an autoanthropometer (KN-
SO000A; Nakamura, Tokyo, Japan). Waist circumference was
measured (to the nearest 0.1 cm) at the midway point between the
inferior margin of the last rib and iliac crest in a horizontal plane
by using a nonstretchable tape. B?dy mass index (BMI; inkg/m?
was calculated. The blood pressure (BP) was measured in the
right arm of a seated participant by using an appropriately sized

TABLE 1
Baseline charactenistics by status of betel nut chewing

cuff and a standard mercury sphygmomanometer after partici
pants had =5 min of rest. Blood was drawn with minimal traum:
from an antecubital vein in the morni ng aftera12-h overnight fas
(20). Diabetes was defined as a fasting glucose concentratior
= 7.0 mmol/L and a history of diabetes or of taking oral hypo
glycemic agents or insulin (or both). Hypertension was definec
as systolic BP = 140 mm Hg or diastolic BP = 9( mm Hg (o:
both) and a history of hypertension or of taking antihypertensive
drugs (or both).

All patients provided written informed consent. Approval for
patient recruitment and data analyses was obtained from the M)
Research Foundation Review Committee in Taiwan,

Questionnaire

Betel nut chewing, cigarette smoking, alcohol consumptign,
and physical activity histories were recorded for each subject
from a questionnaire. Current, former, and never users were
defined as those who reported the current use, any prior use, and

Betel nut chewing

Never Former Current
(n = 44 565) (n = 5568) (n = 5983) P

Age (y)? 434 + 143" 404 + 125 401116 <0.00]
Height (em)? 1686 + 6.3 1686 + 6.2 1685 + 6.1 0922
Body weight (kg)’ 673 + 103 686+ 113 68.8 + 11.1 <0.001
BMI (kg/m°)* 237+32 241 %36 242+35 <0.001]
WC (cm)” 816+97 825+ 10.1 828+97 <0.001
Systolic BP (mm Hg)? 1233+ 177 1222+ 174 1219 + 17.7 <0.001
Diastolic BP (mm Hg)? 155+ 113 756+ 114 758+ 118 0312
Fasting glucose (mg/dL)* 1002 + 227 1015 + 289 100.0 + 24.7 <0.00]
TCHOL (mg/dL)’ 203.1 + 37.8 2034 + 402 2005 + 40.0 <0.001
Triacylglycerol (mg/dL)’ 136.6 + 105.1 1609 + 158.9 1808 + 187.8 <0.00]
HDL-C (mg/dL)* 435+ 14.] 415 + 150 413+ 165 <0.001
Diabetes [n (%)]* 2225 (5.0) 330(5.9) 306 (5.1) 0.012
Hypentension [n (%)]” 9876 (22.2) 1090 (19.6) 1191 (19.9) <0.00]
Alcohol drinking [n (%)]* <0.001

Never 30513(71.3) 2111(39.7) 1833 (32.4)

Former 2054 (4.8) 685(12.9) 231(4.1)

Current 10238 (23.9) 2522 (47.4) 3587 (63.5)
Smoking [n (%)]* <0.001

Never 24 682 (56.7) 567(10.5) 573 (10.0)

Former 5204 (12.0) 1064 (19.7) 376 (6.6)

Current 13626 (31.3) 3770 (69.8) 4783 (83.4)
Physical activity [n (%)]* <0.001

None or mild 18010 (41.8) 2857 (54 8) 3263 (59.6)

Moderate 17 235 (40.0) 1632 (31.3) 1601 (29.3)

Vigorous 7805 (18.1) 721 (13.8) 609 (11.1)
Income [n (%)]* <0.001

Ui 12150 (28.3) 1900 (35.8) 1861 (33.0)

Middle 25 884 (60.3) 3051 (57.6) 3379(59.9)

High 4857 (11.4) 350 (6.6) 402 (7.1)
Education [n (%)]* <0.001

-6 6198 (14.1) 1082 (19.8) 1242 (21.3)

Middle 12874 (29.3) 2953 (54.2) 3412 (58.5)

High 24 826 (56.6) 1416 (26.0) 1176 (20.2)

' WC, waist circumference: BP. blood pressure; TCHOL . 1otal cholesterol, HDL-C, HDL cholesterol

“ ANOVA was used for companng mean values of continuous vanables be

'% + SD (all such values)
* Pearson chi-square test was used for categoncal data

tween groups
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TABLE 2
Baseline characteristics by survival status ang causes of death’ = _—
Survivors CVD deaths All-cause dear
(n = 54 567) (n = 309) (n = 1549)
S -———-—__._______.———-__________________._._______ )

Age (y) 422+ 136" 645+ 1237 62.0 + 13.4%=
Height (cm)® 168.7 + 6.2 164.7 + 6.1* 165.1 + 6.1
Body weight (kg)? 677 + 104 654+ 1074 64.1 + 10.9¢
BMI (kg/m?)* 238433 241+34 235+ 34¢
WC (cm)’ 8l.7+97 865 + 98 B42+ 107
Systolic BP (mm Hg)? 1227+ 173 1423 + 24 6* 1356 + 23 8*
Diastolic BP (mm Hg)? 755+ 113 Bl6 + 6’ 785+ 130°
Fasting glucose (mg/dL)* - 99+ 226 1173 + a39° 113.8 + 455+
TCHOL (mg/dL.) 2028 + 38 ) 2152 + 43 4¢ 2046 + 45|
Tnacylglycerol (mg/dL ) 1435 + 1229 164.9 + 149 g* 152.0 + 144 57
HDL-C (mg/dLy’ 430+ 144 425+ 169 434+ 168
Betel nut chewing [n (%)]” !

Never 43 345 (79.4) 246 (79.6) 1220 (78.8)

Former 5402 (9.9) 31 (10.0) 166 (10.7)

Current 5820(10.7) 32(10.4) 163 (10.5)
Smoking [n (%))’

Never 25275 (47.6) 112(37.7)* 547 (36.4)"

Rormes 6356 (12.0) 64(21.5) 288(192) ™

Current 21512 (40.5) 121 (40.7) 667 (44.4)

el S

"' WC, waist circumference: BP, blood pressure; TCHOL, 101a) cholesterol: HDL-C, HDL cholesterol; Cv D, cardiovascular disease. Statistical analysis

Was performed to compare variables between survivors and CVD deaths and
* Student’s 1 test was usec 10 compare continuous varniables.
X % SD (all such values).
‘P < 0.001.
P< 0.01. —
°P <005

low (elementary school ang below), middle (unior and senjor
high school), and high (college or university and above).

Statistical analysis

Montality Model 1/
Never CvD 1.00 (reference) 1.00 (reference) 1.00 (reference)
Former CVD 1.79(1.23, 2.62)* 1.62 (1.06, 2.47)° 1.56 (1.02, 2 38
Currem CvVD 2.02(1.39, 2.95)° 2.01(1.30, 3.10* 2.02(1.31. 313y
Never All-cause 1.00 (reference) 1.00 ¢ reference) 100 (reference)
Former All-cause 178 (1.51,2.10) 1.22¢1.30, 175y 140 (1.17, 1 68)"
Current All-cause 1.85(1.57,2.19)® 1.21(1.28, 1.78)¢ 140 (1.16, 1.70)*

status, income, and education level
‘P <001
P <00s.
“P < 000].

« smoking, physical actuvity

between survivors and all-cause deaths. —_
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BETEL NUT CHEWING AND MORTALITY

test for unpaired data was used to compare mean values between
2 groups. Proportions and categorical variables were tested by
the chi-square test and by the 2-tailed Fisher’s exact method
when appropriate. Cox proportional hazards regression analyses
adjusted for possible confounders were used to estimate the rel-
ative risks (RRs) for CVD and all-cause mortality. Survival
curves adjusted for other covariates were drawn for current and
never betel nut chewers, never smokers, and never betel nut
chewers, respectively (21, 22). These statistical analyses were
performed by using SPSS statistical software (version 13.0;
SPSS Inc, Chicago, IL). =

RESULTS

There were 1549 deaths over 8 y of follow-up; (‘vf these deaths,
309 were due to CVD. At the baseline survey, there were 44 565
(79.4%) never chewers, 3568 (9.9%) former chewers, and 5983
(10.7%) current betel nut chewers. The current betel nut chewers
were younger and had higher BMI, waist circumference, and
triacylglycerol than did never chewers, as is shown in Table 1.
There was a higher proportion of smoking and alcohol consump-
tion among current and former betel nut chewers than among
never chewers. As shown in Table 2, participants who died of
CVD were older and had greater waist circumference, higher
systolic and diastolic BP, and fasting glucose, total cholesterol,
and triacylglycerol concentrations than did survivors. Partici-
pants who died of any cause also were older and had greater waist
circumference, higher systolic and diastolic BP, and higher fast-
ing glucose and tnacylglycerol concentrations than did survi-
vors.

Using Cox proportional hazards regression analyses with ad-
justment for potential confounders, the RRs for CVD and all-
cause mortality were higher among current and former betel nut
chewers than among never chewers (Table 3). Among the 3
models, there was no interaction (P > 0.05) between betel nut
chewing and smoking status for predicting the risk of CVD and
all-cause mortality. The adjusted RRs for CVD and all-cause
mortality were 1.56 (95% CI: 1.02,2.38) and 1.40(1.17, 1.68) in
formerusers and 2.02 (1.31,3.13)and 1.40(1.16, 1.70) incurrent
users, respectively (model 3 in Table 3).

Among the current and never chewers, increased frequency of
betel nutchewing was associated with greater CVD and all-cause
mortality. The adjusted RRs for CVD and all-cause mortality
were higher among those who currently chewed betel nut =7
times/wk than among those who currently chewed betel nut <7
tumes/wk and the never chewers (Figure 1). The adjusted RRs for
CVD and all-cause monrtality among the current chewers who
chewed =7 umes/wk were 2.37 (1.07, 5.23) and 2.18 (1.53,
3.10), respectively, compared with those who chewed <7 times/
wk. Similarly, among the never smokers, the adjusted RRs for
CVD and all-cause mortality were also higher among those who
currently chewed betel nut =7 times/wk than among those who
currently chewed betel nut <7 times/wk and never chewers (Fig-
ure 2). Among the never chewers, the adjusted RRs for CVD and
all-cause mortality in the current smokers were higher than that
among the never smokers (Figure 3).

The adjusted RRs for CVD and all-cause monality among
various combinations of smoking and betel nut chewing status
are shown in Table 4. Current and former betel nut chewers had
higher risks of CVD (RR: 2.10; # = 0.05) and all-cause (RR:

1.19; P = 0.354) montality than did current and former smokers

14T
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FIGURE 1. Survival curves for current and never chewers (n = 50 548)
after adjustment for other covariates. Cox proportional hazards regression
analyses were adjusted for age, BMI, diabetes, hyperniension, total choles-
terol, HDL cholesterol, tnacylglycerol. alcohol consumption, smoking,
physical activity status, income, and education level. A- The adjusted relative
nsk (RR) (and 95% Cls) for CVD monality among subjects who currently
chewed betel nut =7 umes/wk and <7 times/wk was 2.77 (1.58, 4.88) and
1.55 (086, 2.80), respectively, compared with those who never chewed. B:
The adjusied RR for all-cause monality among subjects who currently
chewed betel nut =7 times/wk and <7 times/wk was 2.02 (1.57, 2.60) and
1.09 (0.84, 1.42), respectively, compared with those who never chewed

DISCUSSION

In this population-based prospective study, we showed that
betel nut chewing was associated with greater CVD and all-cause
mortality in Taiwanese men. Similarly, Lan et a] (4) showed that
areca nut chewing is associated with greater CVD and all-cause
mortality in the Taiwanese elderly. In addition, we also found
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FIGURE 2. Survival curves for never smokers (n = 25 822) after adjustment for other covanates. Cox proportional hazards regression analyses were
adjusted for age, BMI, diabetes, hypenension, total cholesterol, HDL cholesterol, tnacylglycerol, alcohol consumption, physical activity status, income, and
education level. A: The adjusted relative risk (RR) (and 95% Cls) for CVD mortality among subjects who currently chewed betel nut =7 umes/wk and <7
times/wk was 4.49 (1.04, 19 Syand 1 .98 (047, 8 36), respectively, compared with those who never chewed. B: The adjusted RR for all-cause mornality among
subjects who currently chewed betel nut =7 times/wk and <7umes/wk was 3.34(1 63, 6.84) and 1.05(0.46,2.38), respectively, compared with those who never
chewed
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FIGURE 3. Survival curves for never chewers of betel nut (n = 44 565)
after adjustment for other covariates. Cox proportional hazards regression
analyses were adjusted for age, BMI, diabetes, hyperiension, total choles-
terol, HDL cholesterol, triacylglycerol, alcohol consumption, physical ac-
tivity status, income, and education level. A: The adjusted relative nsk (RR)
(and 95% Cls) for CVD mortality among subjects who were current and
former smokers was 1.39 (1.01, 1.91) and 1.17 (0.82, 1.68), respectively.
compared with those who never smoked. B: The adjusted RR for all-cause
mortality among subjects who were current and former smokers was 1.35
(1.17, 1.56) and 1.18 (1.00, 1.39), respectively, compared with those who
never smoked.

that the RRs for CVD and all-cause monality increased with the
frequency of betel nut chewing. Furthermore, betel nut chewing
was associated with ahigher risk of CVD and all-cause mortality
than was smoking. Betel nut chewing, therefore, has become a
big challenge to public health in Taiwan as well as in other areas
with high prevalence of betel nut chewing.

Although most of the world's betel nut chewers are in Asia (2).
the growing number of immigrants from Asia to Europe and

1209

North America means that betel nut chewing is becoming a
global problem. The number of betel nut chewers has been esti-
mated at up to 600 million worldwide (3). Previous studies have
clearly shown arecal alkaloids to be carcinogens, which increase
the risk of various cancers of the oral cavity, esophagus, and liver
(3, 8,9, 23,24). In addition, betel nut chewing has been found to
be associated with obesity, metabolic syndrome, diabetes, and
chronic kidney disease (13, 14, 16, 25). Although these diseases
are closely related to the development of CVD, the relation be-
tween betel nut chewing and CVD remains unclear.

In the present study, we found that current and former betel
nut chewers had greater CVD mortality than did never chew-
ers. Furthermore, betel nut chewing and smoking were inde-
pendently associated with CVD mortality. We also found that
current and former Hetel nut chewers had a higherrisk of CVD
mortality (RR: 2.10; P < 0.05) than did current and former
smokers. Moreover, the RRs for CVD and all-cause mortality
increased with the frequency of betel nut chewing. Therefore,
betel nut chewing should be treated as a major risk factor
for CVD. Developing a cessation program should be consid-
ered as an intervention strategy for CVD among betel nut
chewers.

Several possible mechanisms may explain the relation be-
tween betel nut chewing and greater CVD mortality. First,
betel nut chewing appears to activate the sympathetic nervous
system, thereby inducing the secretion of adrenal cathe-
cholamines (1, 26). Second, arecal alkaloids act as inhibitors
of y-aminobutyric acid receptor. The blockade of the inhibi-
tory effects of y-aminobutyric acid on glucagon and soma-
totrophin may result in the secretion of glucagon and subse-
quently in the development of diabetes. Greater appetite and
glucose intolerance due to y-aminobutyric acid inhibition and
diabetogenic arecal nitrosamines may also play an important
role in the development of diabetes (1, 11, 13, 14, 25,27, 28).
Third, betel nut chewing enhances oxidative stress, which
increases the nisk of CVD (29, 30). Fourth, betel nut chewing
may induce periodontal disease, which is a chronic inflam-
matory disease with T cell activation and production of in-
flammatory mediators (31). Among these factors, interleukin-6
and tumor necrosis factor-« are proinflammatory cytokines re-
lated to the development of CVD (32-34). Itis interesting that, in
a meta-analysis of 9 cohort studies, Janket et al (35) showed that
persons with periodontal disease have a greater incidence of
CVD than do those without periodontal disease. Therefore, the
complex pathogenesis of CVD related to betel nut chewing de-
serves further study.

Although we have shown that betel nut chewing is associated
with a greater risk of CVD and all-cause monality, the present
study has some limitations. First, the questionnaires were lacking
n details about betel use, such as the numbers of quids used per
day, the duration of the habit, and the preparation used. There-
fore, the exact duration and cumulative exposure of betel nut
could not be quantified in the present study. Similar limitations
were noted for smoking status. Second. our study population was
drawn from generally healthy volunteers who attended health
screening centers rather than from nationally representative sub-
jects. External validation is necessary in future studies. Third, the
fact that only baseline data for these participants were available
may have led to possible misclassifications of betel nut chewing
status during follow-up
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Relative risks (and 95% Cls) among the various combinations of smoking and betel nut chewing status for cardiovascular discase (CVD) and all-cause —

-
Never smoking and never betel nut chewing (n = 24 682)
Former smoking and never betel nut chewing (n = 5204)
Current smoking and never betel nut chewing (n = 13 626)
Current or former betel nut chewing and never smoking (n = 1140)

Current or former betel nut chewing and current or former smoking (n = 9993)

L17 (081, 1.67)
1.27 (0.92, 1.74)
2.91(1.43,593)°
2.03(1.38, 3.00)°

CvD All-cause
——— . Ve
1.00 (Reference)

100 (Reference) ==
1.17 (0.99, 1 38)
1.30(1.13, 1.49y°
L61 (1.11, 2.34)*

" Model adjusted for age, BMI, diabetes, hypertension, total cholesterol, HDL cholesterol, triac

income, and education level. There was no interaction between betel nut chewing and smoking status for predicting the

(P = 0.087) mortality.
2P < 0001.
P <001

‘P <005 p
i

In conclusion, we have shown betel nut chewing to be inde-
pendently associated with greater CVD and all-cause mortality
after control for possible confounders in Taiwanese men. The
RRs for CVD and all-cause mortality increased with the fre-
quency of betel nut chewing. Furthermore, betel nut chewing had
agreater risk of CVD mortality than did smoking. At the national
level, it is crucial to develop a special program to help betel nut
chewers quit their habit. For physicians and other health workers,
it is important to screen people for betel nut chewing in their
clinical practices. Furthermore, the detailed relation between
betel nut chewing and CVD requires further investigation.
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Relationship between bete| quid additives and established periodontitis
among Bangladeshi subjects.

Akhter R, Hassan NM, Aida J, Takinami S, Morita M.

| I
Department of Preventive Dentistry, Okayama University Dental School. Okayama, Japan.

Abstract

AIM: To determine the relationship between bete| quid chewing additives and established periodontitis in

Bangladeshi subjects.

age-matched case subjects and control subjects were selected. A Case was defined as a person who had at least two
sites with a clinical attachment level (CAL)> or =6 mm and at least one site with probing depth (PD)> or =5 mm_
Subjects who did not fulfill these criteria were considered as controls. Information on sociodemographic variables,
psychological stress, dental health behaviour, smoking and betel quid chewing habits was obtained.

RESULTS: Multiple logistic regression analysis showed that current betel quid chewers had greater probabilities of
having established periodontal disease than did non-chewers (odds ratio=3.97, p<0.05). Mean PD, mean CAL, mean
percentage of bleeding on probing and number of missing teeth were significantly higher in chewers of betel quid with
tobacco and masala than in chewers of betel quid without such additives adjusting for age, sex, smoking habit, body

mass index, dental visit pattern, stress and plaque index. Higher frequency and longer duration of betel quid chewing

showed a significant relation 1o an increase in periodontal parameters.

CONCLUSION: The results indicate that bete! quid additives might significantly enhance periodontitis in the

population studied.

PMID: 18021263 [PubMed - indexed for MEDLINE]
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Dental Caries and Periodontitis Associated with Betel
Quid Chewing: Analysis of Two Data Sets
Supaporn Chatrchaiwiwatana DDS, MPH, DrPH*

* Faculty of Dentistry, Khon Kaen University, Khon Kaen

T
Background: Not much research evidence concerning the relationship berwfeen betel quid chewing and oral
health has been established although betel quid chewing is a common practice among people in many Asian
countries including rural areas of Thailand.
Objective: The present study employed two existing data sets to evaluate the association between betel quid
chewing and oral diseases.
Material and Method: The study populations for phase | comprised a total of 796 females. aged 30-89 years,
residing in five districts of Khon Kaen province, Thailand during 1990-91. In phase II. there were 2,253
females, aged 31-86 years, residing in Chonnabot district. Khon Kaen province, Thailand during 1992-94,
respectively. The data were obtained through oral examination and interview. The analyses employed
descriptive, bivariate, and multivariable logistic regression.
Results: Findings from final multivariable logistic regression models revealed the inverse relationship
between betel quid chewing and dental caries adjusting for other variables. In addition, results from the

final multivariable logistic regression models predicting periodontitis showed that betel quid chewing was
directly associated with periodontitis in the presence of several confounding factors. The consistent findings
from both data sets suggest that although betel quid chewing may reduce dental caries, it was directly related
to periodontitis and enhanced the possibility of increasing tooth loss.

Conclusion: Therefore, preventive programs aiming at discouraging Thai people from chewing betel quid
should be established to preserve favorable oral health

Keywords: Betel quid chewing, Dental caries, Periodontitis, Tooth loss. Thailand

J Med Assoc Thai 2006; 89 (7): 1004-11

Full text. e-Journal: hitp://www.medassocthai. org/journal

Betel quid chewing has been practiced among
people in many Asian countries including rural arcas
of Thailand for quite a long time and research evidence
on the effects of betel quid chewing towards oral can-
cer and oral soft tissue lesions is ample!"'”. However,
only a limited number of studies have investigated
the relationship between betel quid chewing and oral
diseases namely dental caries and periodontitis, par-
ticularly among Thai people!'"'". In order to maintain
effectively favorable oral health, the evidence of oral
discases associated with betel quid chewing among
Thai people should be investigated. Therefore, the ob-

Correspondence 1o : Chatrchaiwiwatana S, Faculty of Dentistry,
Khon Kaen University, Khon Kaen 40002, Thatland. Phone
043-202-403. Fax: 043-202-862. E-mail: csupa@kku.ac.th,
(5npapum_-‘[.l'ﬂ!@yuhm; com
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jective of the present study was set 10 evaluate the
association between betel quid chewing and oral
diseases including dental caries and periodontitis
among rural Thai females using two existing data sets.

Material and Method
I. Power and sample size determination

For both data sets, the required sample size
for studying the relationship between dental caries and
betel quid chewing as well as between periodontitis
and betel quid chewing was calculated based on the
test for difference between proportions. The 10-20% of
the required sample size was added 10 account for the
nature of study as multivariable type. The sample size
was estimated based on the following information: 1)
Proportion of betel quid users having dental caries (or

J Med Assoc Thai Vol. 89 Ne. 7 20006



periodontitis), 2) Proportion of non-betel quid users
having dental carjes (or periodontitis), 3) Alphalevel =
0.05; two-tailed test; Z, appan — 1.96, 4). Power of the
study = 0.80; Z,..=084

Fordataset ] (phase I study), the calculations
yielded a required sample size for studying the asso-
ciation between betel quid chewing and dental caries
of 372 subjects, and between betel quid chewing and
periodontitis of 410 subjects. Therefore the sample size
of 796 females was adequate for controlling simulta-
neous effects of more than five major confounding
factors in the final multivariable model(1729)

Likewise, for phase I1, the calculations yielded

ing effects of more than 10 major confounding factors
inthe final multivariable model‘1°29

1. Study population
The data used in the present study were taken
from the Mobile Screening Clinic for Leading Cancers

districts of Khon Kaen province, Thailand during 1990-
91. Phase Il included 2,253 females, aged 31-86 years,
residing in Chonnabot district of Khon Kaen province.
Thailand during 19921994 A the studv populations
participated in the screening program and had com.-
pleted both the oral examination and the interview. The
present study was approved by Khon Kaen Univer-
sity Ethics Committee for Human Research,

111 Oral examination

All the oral examinations were conducted a
the village centers, using mainly a mobile dental chair,
asterilized mouth mirror, a sterilized no. 3 explorer and
asterilized WHO periodontal probe. The examinations
were carried out under natural light. Trained licensed
dentists from the Departmem of Community Dentistry,
Faculty of Dentistry, Khon Kaen U niversity conducted
the examinations. Before conducting oral examinat ons
in the study villages, all the examiners participated in
an extensive calibration session. where the activities
involved reviewing the examination criteria, applying
the criteria in ten people, and discussing any dis-
crepancies regarding the examination criteria to reach
consistent clinical judgments. According 1o the time

J Med Assoc Thai Vol. 89 No. 7 2006

constraints, only the sim ple and easy-to-perform
€xamination indexes and criteria were selected for use
in the oral examinations.

1V, Interview

" Trained nurses from the Cancer Unit, Faculty
of Medicine conducted the interview. The information
on sociodemographic and lifestyle characteristics was
gathered. Sociodemographic factors included age,
education level, monthly income (baht), occupational
status and district of residence. Information regarding
lifestyle characteristics covered betel quid chewing,
tobacco smoking, alcohol consumption, and tooth
brushing (only in phase 1),

V. Data management and data analysis

The data were first recorded on-site by
well-trained dental assistant, then were entered into
the computing database at the Cancer Unit, Faculty of
Medicine, Khon Kaen University, and were verified at

confidence limit of odds ratio. A p-value of less than
0.05 was considered significant difference.

Results

Results from the descriptive analyses in
phase I showed thay 52.1%of pPeople experienced one
or more teeth with decayed or filled condition, while
38.7% had either shallow or deep periodontal pockets.

decayed or filled teeth and 39.9% had either shallow or
deep periodontal pockets. The proportion of betel quid
users accounted for 25.5%, This was much lower than
in phase | (data not tabulated),

Findings obtained from bivariate analyses
from both phases gave similar results; dental carjes
(defined as decayed plus filled teeth), were associated

with betel quid chewing, missing teeth and periodon-
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Table 1. Results from bivariate analyses between dental caries (decaved plus filled teeth) and selected vanables for phase

I and phase 11 data sets*

Varniable

p-value

Phase I (N = 766) = Phasc Il (N = 2253)

Apge (mean + SD in years)
Monthly income (mean + SD in baht)
Marital status (married vs single)

Education (20nd / primary school / beyond primary school)

Betel quid chewing (no vs yes)
Tobacco smoking (no vs yes)
Alcohol use (no vs yes)
Tooth brushing (no vs yes)
Missing teeth (no vs yes)
Perodontitis (no vs yes)

Debris deposits (mean + SD in sextants)
Mild (< 1/3 of enamel)
Moderate (1/3-2/3 of enamel)
Heavy (> 2/3 of enamel)

Penodontal status (mean + SD in sextants)
Gingival bleeding
Dental calculus
Shallow periodontal pocket
Deep periodontal pocket

0.0009* 01087
0.8741 09831
0.092 0579
0.440 / 0.555
0.001¢ 0001
0917 0958
0.628 0116
0.001¢ na’
0.001¢ 0.001°
0.001¢ 0 001¢
0.0145" 02046
0.2530 05678
0.8796 09390
0.4522 05244
0.0883 0.0253°
0.9476 0.0006°
0.4880 08861

* Total sample may not add up to 100 per cent due to incomplete data for some variables

* Test of difference between means (r-test), p< 0.05

¢ Test of difference between proportion (Chi-square test), p < 0.05

* na: not available

calculus, and shallow periodontal pockets were con-
nected to dental carics only in phase II (Table 1).

Bivariate relationship between periodontitis
and selected variables showed a significant relation-
ship of periodontitis with age, betel quid chewing, and
missing teeth for both phases. However, sociodemo-
graphic variables including marital status and educa-
tion were related to periodontitis only in phase 1. Like-
wise, tooth brushing, mild, moderate, and heavy debris
deposits (debris deposit less than 1/3, 1/3-2/3, and
greater than 2/3 of enamel crown, respectively) were
significant in phase I only while income and dental
caries were associated with periodontitis in phase 11
only (Table 2).

Variables demonstrating statistical signifi-
cance with dental caries and periodontitis in bivariate
analyses were entered into multivariable logistic re-
gression models predicting dental caries and periodon-
titis for both phases and the findings were consistent
for both data sets. From Table 3, after adjusting for
potential confounding factors in the final multivari-
able logistic regression models, betel quid chewing

1<

and missing teeth consistently retained predicting
dental caries in both data sets. Mild debris deposit
was marginally significant in phase | only and peri-
odontal pocket retained in the final multivariable
logistic regression model as a predictor of dental caries
solely in phase 11. From both data sets, betel quid
chewing was inversely related to dental caries while all
other factors were associated directly with dental
caries, with the odds ratios and 95% confidence limits
shown in Table 3.

Table 4 displays variables predicting peri-
odontitis for both phases. Betel quid chewing, age,
debris deposits, and missing teeth were associated
directly with periodontitis, with the odds ratios and 95%
confidence limits shown in the table, Decayed teeth
remained in the final multivariable logistic regression
model predicting periodontitis only in phase 11. For
analyses of the final multivariable logistic regression
models predicting dental caries and periodontitis in
phase I, tooth brushing was not significant Missing
data in the final multivariable logistic regression
models were kept under 10% in general.

J Med Assoc Thai Vol. 89 No. 7 2006
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Table 2. Results mmwmmmmmmmsmmlmmnaum

p-value
Vanable
Phase | Phase 11
Age (mean + SD in years) 0.0001* 0.0001*
Monthly income (mean + SD in baht) 0.4842 0.0150*
Marital status (married vs single) 0.001¢ 0.526
Education (none / pnmary school / beyond primary school) 0.001¢ 0.578
Betel quid chewing (no vs yes) ! 0.001 0.001¢
Tobacco smoking (no vs yes) 0787 0.128
Alcohol use (no vs yes) 0731 0.326
Tooth brushing (no vs yes) 0.001¢ na
Missing teeth (no vs yes) 0.00)¢ 0.001¢
Dental caries (no vs yes) 0613 0.001¢
Debnis deposits (mean + SD in sextants)
Mild (< 1/3 of enamel) 0.0002* 0.2046
Moderate (1/3-2/3 of enamel) 0.0011* 0.5678
Heavy (> 2/3 of enamel) 0.0001" 0.9390
Decayed, Missing, and Filled Teeth (mean + 5D of teeth affected)
Decayed teeth 02420 0.5244
Missing teeth 0.0001* 0.0253%
Filled teeth 0.6709 0.0006"

* Total sample may not add u
* Test of difference between means (r-test), p<0.05
< Test of difference between proportion (Chi-square test), p < 0.05

Table 3. Conditional odds ratio and 95%C]l of vanables
models for phase | and phase 11 data sets*

p to 100 per cent due 10 incomplete data for some vanables

predicting dental caries in the final multivariable logistic regression

Phase | study®
95% Confidence limit
Vanable
Odds rato Lower Upper
Betel quid chewing 0339 0240 0479
Mild debnis deposit 1.005 1.000 LO10
Missing teeth 2754 2.001 3.790
Phase | study®
95% Confidence limit
Vanable
Odds ratio Lower Upper
Betel quid chewing 0.488 0.395 0.603
Periodontal pocket 1.236 1.020 1498
Missing teeth 3.053 2535 3677
* Total sample for phase | = 796 subjects, phase 11 = 2,253 subjects
* Missing data for phase | = 54 subjects (6 8 per cent)
© Missing data for phase 11 = 60 subjects (2 7 per cent)
J Med Assoc Thai Vol. 89 No. 7 2006 1007
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Table 4. Conditional odds ratio and 95%CI of variables predicting periodontitis in the final multivariable logistic regression

models for phase | and phase 11 data sets*

Phase | study®
- = 95% Confidence limit =
Variable
Odds ratio Lower Upper
Betel quid chewing 12.104 1.119 |3?.940
Age / 1.064 1.034 095
Mild debns deposit 1.016 1.007 1.025
Moderate debns deposit 1.026 1.018 1.034
Heavy debns deposit 1.026 1.018 1.034
Missing teeth 1.141 1.080 1206
Interaction (betel quid chewing and age) 0.951 0.909 0.995
Phase 11 study*
95% Confidence limit

Vaniable Odds ratio Lower Upper
Betel quid chewing 13.361 3.538 50.454
Age 1.055 1.041 1.069
Heavy debns deposit 1.019 1.016 1.023
Decayed teeth 1.047 1.012 1.082
Missing teeth 1.034 1.013 1.056
Interaction (betel quid chewing and age) 0.953 0931 0.976

* Total sample for phase | = 796 subjects, phase I = 2,253 subjects

* Missing data for phase | = 57 subjects (7.2 per cent)
¢ Missing data for phase Il = 83 subjects (3.7 per cent)

The relative odds ratios having baseline odds
ratio as I, calculating from the interaction between
betel quid chewing and age for both data sets are given
in Table 5. It is evident that the risk of periodontitis
increased among women who chewed betel quid com-
pared to those who did not at all levels (mean + SD,
mean, mean - SD of age).

Discussion

Conclusions from the present study were
reached that betel quid chewing was inversely related
to dental caries and it was directly related to periodon-
titis, leading to increased periodontitis and tooth loss.
This result is in agreement with several studies"*'®,
The reasons that betel quid chewing diminishes dental
caries are given as: 1). mechanical cleansing duc to
abrasive properties of betel quid chewing, 2). increased
salivary buffer capacity, 3). high pH of lime in betel
quid chewing neutralizes acid formation, 4). jon effect
of calcium inhibits enamel dissolution. 5). betel film

1008
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covers the enamel preventing acid attack, 6). high fluo-
ride content of betel quid and 7). anti-cariogenic effect
of etheric oils present in betel quid*". On the other
hand, the ingredients of betel quid including betel leaf,
areca nut, slaked lime, and tobacco exhibit harmful
effects to periodontal tissue. The possible reason that
betel quid chewing damage periodontal tissue can be
described as the cholinergic effect of betel quid together
with calcium salt in the saliva produced hypersaliva-
tion-caused calculus deposition. The increased heavy
deposition of calculus then can induce destruction of
gingival tissue and periodontal membrane among ha-
bitual betel quid chewers®??, Additionally, the effects
of arecoline (a main alkaloid found in areca nut) inhibit
cell atachment, cell spreading and cell migration, and
decrease cell growth and collagen synthesis@™24),
The finding that betel quid users experienced a higher
severity of periodontitis than the non-user counter-
parts suggests that quitting chewing betel quid is
beneficial for maintaining good oral health,

J Med Assoc Thai Vol. 89 No. 7 2006
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Table 5. Relative odds ratio calculating from the interaction between betel quid chewing and age in the final multivariable
logistic regression models predicting periodontitis for both data sets

Phase | study*

Vanable

-

Relative gdds ratio

Non-betel quid users Betel quid users

Atmean + standard deviation of age®
Atmean of age®
At mean - standard deviation of age®

1.06 ‘ 1225
d 17.59 2124
100 12.10

Phase 11 study*

Variable

Relative odds ratio

Non-betel quid users Betel quid users

Atmean + standard deviation of age*
Atmean of age*

At mean - standard deviation of ape

1.05 1343
14.13 17.29
1.00 13.36

* The calculations are based on the beta estimates n final multivariable logistic regression model predicting periodontitis for

each data set
" Mean age = 46. 1, standard deviation = 11 5 years
¢ Mean age = 49.6, standard deviation = 10 4 years

Although the conclusions of the present study
were reached based on a large sample size available in
both data sets, some limitations exist. One limitation of
the present study includes the cross-sectional study
design, which by itself provides no assessment of a
true epidemiological cause-effect relationship. How-
ever, the causal relationships between betel quid chew-
ing and the outcomes of interest were assumed based
on previous experimental, randomized controlled trials,
or observational cohort studies. Moreover, the strength
of association between betel quid chewing and peri-

odontitis should have been stronger. That the magni-
tude of association was underestimated was due to the
effect of healthy volunteer bias occurring from the fact
that people who experienced a higher severity of peri-
odontitis tended not to participate in the present study.

Conclusion

The present study has made best use of exist-
ing data in establishing epidemiologic evidence relat-
ing oral diseases 1o betel quid chew ing among rural
Thai females. The findings would provide guidance
for planning of preventive public health programs 10
reduce the habit of chewing betel quid so that healthy
periodontal tissuc can be maintained.
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The natural history of periodontal disease in humans: risk factors for tooth loss
in caries-free subjects receiving no oral health care.

Neely AL, Holford TR, Lée H, Anerud A, Boysen H.

Department of Periodontology and Dental Hygiene, School of Dentistry, University of Detroit, Mercy, Detroit, Ml 48219-0900,
USA neelya@udmercy.edu

Abstract
AIM: No long-term studies have reported on risk factors for tooth loss in subjects without home or professional dental

care. The purpose of this report is to identify potential risk factors for tooth loss among male Sri Lankan tea labourers
who participated in a 20-year investigation of the natural history of periodontal disease.

MATERIAL AND METHODS: Data for this report were obtained from the 455 subjects who participated in multiple
examinations over the 20-year period from 1970 to 1990. Analyses included data from interim examinations in 1971,
1973, 1977, 1982 and 1985 Oral health assessments included the following: (1) attachment levels in millimetres on
all mesial and mesio-buccal surfaces, excluding third molars; (2) plaque index; (3) gingival index, (4) calculus index;
(5) caries index; and (6) missing teeth. Other variables included age, history of smoking and betel nut use. Statistical
analyses included descriptive statistics and multivariate repeated-measures modelling with generalized estimating

-
-

equations.
RESULTS: Tooth loss was significantly dependent upon interactions between the mean attachment loss and betel

nut use (Z2=3.40; p=0.0007) and history of missing teeth (Z=-3.70; p=0.0002). The effect of attachment loss on tooth
loss was increased in the presence of betel nut and diminished when teeth were already missing at baseline.
CONCLUSION: History of missing teeth, betel nut use and increasing attachment loss were significant predictors of
tooth loss over time. Betel nut use increased the effect of attachment loss on loss of teeth, while history of missing
teeth diminished the effect of attachment loss on tooth loss.
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Association between smoking, betel chewing and gingival bleeding in rural Sri
Lanka.

Amarasena N, Ekanayaka AN, Herath L, Miyazaki H.

Division of Preventive Dentistry, Department of Oral Health Science, Graduate School of Medical and Dental Sciences,

Niigata University, Japan. najith@dent niigata-u.ac jp

Abstract

OBJECTIVE: To ascertain the association between tobacco use and gingival bleeding in a rural community in Sni
Lanka. i

MATERIAL AND METHODS: A cross-sec{ional field-based study was carried out in 2178 rural males aged 20-60
years, employing a multistage cluster sampling technigue. The levels of plaque and gingivitis were recorded on four
sites of all teeth present excluding third molars, using the plaque index (PLI) and gingival index (GI). Information
pertaining to sociodemographic variables, oral hygiene practices and tobacco consumption habits was obtained from
all subjects.

RESULTS: One-way anova combined with the Bonferroni test disclosed that betel chewers had a significantly higher
mean number of sites with gingival bleeding (22.6+/-21.8) than smokers (10.8+/-11.2) and nontobacco users (8.7+/-
6.8) (p<0.0001). A higher proportion of betel chewers (55.1%) showed > or =1 2 bleeding sites compared to smokers
(27.6%). Logistic regression analysis revealed that the association between betel chewing and gingival bleeding was
positive (OR=2.41; p<0.0001) whereas that of smoking and gingival bleeding was negative (OR=0.75; p<0.05). Oral
hygiene had the strongest relationship with gingival bleeding (OR=18.11).

CONCLUSION: While confirming the masking effect of smoking on gingival bleeding, these findings indicate that

betel chewing might significantly enhance gingival bleeding in the population studied.
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Tobacco use and oral hygiene as risk indicators for periodontitis.

Amarasena N, Ekanayaka AN, Herath L, Miyazaki H.
Divisi-on of Preventive Dentistry, Department of Oral Health Science, Graduate School of Medical and Dental
Sciences, Niigata University, Niigata, Japan. najith@dent.niigaia-u.ac.jp m
i ‘ / i
Comment in: -
Community Dent Oral Epidemiol. 2003 Apr;31(2):158; author reply 159-60. -
Abstract
OBJECTIVE: To detect the periodontal status of male smokers and betel chewers in a rural community in Sy Lanka
and compare it with that of male non-tobacco users of the same community -
METHODS: A cross-sectional community based study was carried out in a sample of 2277 rural adult males aged 20-
60 years, adopting multistage cluster sampling technique. The present analysis was confined to 21 78 subjects who -
were mutually exclusive smokers, betel Chewers or non-tobacco users The periodontal status was assessed by
clinical measurement of levels of bacterial plaque (PLI), gingival inflammation (Gl) and loss of epithelial attachment o |
(LA). All measurements were carried out on four sites of all teeth present except third molars and the mean values for
periodontal parameters were calculated. 7|
RESULTS: Bivarate analysis revealed that the overall periodontitis levels were significantly higher in betel chewers
and smokers than in non-tobacco users. Multiple linear régression analysis showed that there were no significant N
effects of smoking and bete| chewing per se on LA Independent of age, socioeconomic status (SES) and whether or
not controlled for PLI. The effect of the quantified tobacco use on LA was statistically significant regardless of age N
PLI or SES. However, the effect of the quantified tobacco use was considered limited when Compared to that of ora|
hygiene.
CONCLUSIONS: The findings highlighted the importance of oral hygiene in the aetiology of periodontitis while
confirming the statistical significance of the quantified tobacco use on LA Oral hygiene and the quantified tobacco
use may be considered as risk indicators for periodontitis.
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Abstract: Objective: To assess whether people who ever use any form of chewing substance in Asia are at in-
creased risk of cardiovascular disease (CVD). Methods: PubMed and IS| Web of Science were searched for relevant
studies, with no limitation on language or study year. Studies were included if they provided quantitative estimate of
the association between ever use of chewing substance and the occurrence of CVD. Two authors independently
implemented inclusion criteria, abstracted study characteristics, and performed meta-analysis. Summary relative
risks were estimated on the basis of a random effect model. We used Q statistic and Egger's test to examine het-
erogeneity across studies and potential publication bias, respectively. Results: Eight eligible studies were included

The relative risk of CVD for ever using chewing substances with or without tobacco was 1.26 (95% confidence in-
terval (CI) 1.12-1.40), which was unchanged when restricted to cohort studies [1.25 (1.08-1.42)] or cohort studies in
Taiwan [1.31 (1.12-1.51)]. The summary relative risk for ischemic heart disease was 1.27 (1.02-1.52), and was
lowered to 1.26 (0.85-1.67) after exclusion of a cross-sectional study. The overall relative risk for cerebrovascular
disease was 1.32 (1.08-1.56). On the basis of the Taiwan data, the summary relative risk of CVD for betel (Areca
catechu) chewing was 1.30 (1.17-1.44). Data on dose-response were limited to betel chewing in Taiwan, suggesting
a relationship between risk of CVD and cumulative exposure. Two large cohorts in Taiwan reported a greater risk of
CVD with betel chewing than with smoking. Conclusions: An association was detected between betel chewing with or
without tobacco and the risk of CVD. Betel chewing may impose a greater CVD risk than smoking. More effort is
needed in developing betel chewing cessation programmes. The relationship between betel chewing and subgroups
of CVD requires further investigation.

Key words: Cardiovascular disease, Areca catechu, Betel quid, Chewing tobacco, Relative risk, Meta-analysis
doi:10.1631/jzus.B1000132 Document code: A CLC number: R54

1 Introduction of betel quid varies from region to region, with the
major difference being whether tobacco is added. To

Various forms of smokeless tobacco, including  avoid a possible misnomer by classifying betel quid

chewing tobacco and paan, namely, Areca catechu/
betel quid with tobacco, have been used in Asia for
centuries. Betel quid is made up of fresh betel leaves,
areca nut, and slaked lime, and can be served with or
without tobacco (Gupta and Ray, 2004). Preparation

* Corresponding author

* Project (No 2004C30067) supported by the Zhepang Provincial
Science and Technology Plan Project, China
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with some types of smokeless tobacco, while some-
times tobacco is actually absent, we herein employed
the term “chewing substance™ to refer to any type of
chewing tobacco or betel quid with or without to-
bacco. Betel quid with tobacco is said to be one of the
most commonly used forms of smokeless tobacco in
South Asia (Gupta and Ray, 2003), whereas areca nut
(usually incorporated in betel quid) ranks the fourth
most common addictive substance in the world after

3

L



682 Zhang et al. /4 Zhejiang Univ-Sci B (Biomed & Biotechnol) 2010 11(9) 681-689

caffeine, tobacco, and alcohol (Gupta and Ray, 2004).
The complex nexus between chewing tobacco
and betel quid is not easy 10 dissect. This, along with
high prevalence of chewing tobacco and betel quid in
South and Southeast Asia, exhibits a geographically
unique scene of tobacco use, or more accurately,
substance use other than the pandemic cigarette
smoking (Rani er al., 2003; Wen et al., 2005; Teo er
al., 2006). Compared to cigarette smoking, which is a
well established risk factor for cardiovascular disease
(CVD), chewing tobacco and betel quid, though
prevailing in many parts of Asia, are relatively less
explored for their potential adverse effect on cardio-
vascular system. To date, few epidemiological studies
have been conducted in Asia(Guptaeral., 2005; Wen
et al., 2005; Teo et al., 2006; Guh et al., 2007; Lan er
al., 2007; Lin er al., 2008; Rahman and Zaman, 2008;
Yen et al., 2008), investigating the relative risk of
CVD related to chewing tobacco and betel quid, and
the findings are not all comparable.

A recent meta-analysis indicated that smokeless
tobacco users in Sweden and USA were at increased
risk of CVD compared with nonusers (Boffetta and
Straif, 2009). However, studies conducted in Asia
were not included in view of heterogeneity between
the contents of smokeless tobacco in Asia and those in
Sweden and USA. Thus, the conclusion may not be
readily applicable in the Asian context. Determining
the roles of chewing tobacco and betel quid in CVD s
important, given their high prevalence of usage and
current high incidence and mortality of CVD in Asia.
All these concerns prompied us to carry out a meta-
analysis to summarize ex isting evidence, on the link
between use of chewing substances and risk of CVD,

2 Methods
2.1 Searching strategy and selection criteria

The MOOSE guidelines for meta-analysis of
observational studies in epidemiology were followed
(Stroup ez al., 2000). We scarched PubMed (up 1o
July 2010), using the terms: (“cardiovascular dis-
eases” [mesh] OR (“cardiovascular” [All Fields)
AND “discases™ [All Fields]) OR “cardiovascular
diseases™ [All Fields] OR “cerebrovascular disorders”
[mesh] OR (“cerebrovascular” [All Fields] AND
“disorders™ [All Fields]) OR “cerebrovascular disor-

44<,

ders™ [All Fields] OR “stroke” [mesh] OR “stroke”
[All Fields) OR mortality OR death*) AND (“betel
quid” OR “betel-quid” OR “bete] nut” OR “betel
nuts™ OR “areca nut” OR “areca nuts” OR “paan” OR
“pan” OR snuff OR snus OR “gul” OR “gutka® OR
“khaini” OR “loose leaf” OR “maras” OR “mawa”
OR “mishri” OR “naswar” OR “Areca catechu™ OR
“tooth powder” OR “shammah”™ OR “tobacco chew-
ing gum” OR “zarda” OR “tobacco, smokefess”
[mesh] OR “smokeless tobacco” OR *“chewing to-
bacco” OR “non-smoking tobacco™) AND (“cohornt
studies™ [mesh] OR “cross-sectional studies™ [mesh]
OR *“case control studies™ [mesh] OR (“cohort” [T1
AND stud* [T1]) OR (case* [T1] AND control* [T1])
OR prospective OR retrospective OR cross-sectional
OR “cross sectional™), which yielded 1006 potentially
relevant references. We adapted the searching strat-
egy for a second search in 1SI Web of Science (up-
dated July 19, 2010), and found another 739 refer-
ences. We identified all observational studies in-
cluding cohorts, case-control studies, and cross-
sectional studies, provided that they explored the
association between ever using chewing substances
and the occurrence (incidence or mortal ity) of CVD,
and reported the strength of the associations with a
quantitative risk estimate. There was no limitation on
language, study year, or publication status.

Afier excluding duplicates, two authors inde-
pendently reviewed all citations with titles and ab-
stracts that appeared to fit the criteria for inclusion.
We checked references of included studies and re-
views to further identify other potentially eligible
studies. The numbers of citations excluded and reason
for exclusion were tracked.

2.2 Outcome measurement

We conducted the meta-analysis based on se-
lected outcome measurements including cardiovas-
cular disease (CVD), ischemic heart disease (IHD),
and cerebrovascular disease (CBVD). The following
sub section will describe in detail how these outcome
measurements were identified.

2.3 Data extraction

Two authors independently extracted risk esti-
mates and characteristics of each individual study.
We followed the international classification code
(ICD-9 and ICD-10) when grouping the extracted

&
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outcome measurements. Accordingly, we regarded
CVD as either 390-459 in ICD-9 or 100-199 in
ICD-10, IHD as either 410414 in ICD-9 or 120-125
in ICD-10, and CBVD as either 430438 in ICD-9 or
160-169 in ICD-10. When outcomes were not coded
with an ICD ﬁumber, we made assumptions according
to the definition of diseases reported and how ascer-
tainment was made. The extracted data were com-
pared and any inconsistencies resolved. Wherever
possible, data were extracted for fatal and non-fatai
cardiovascular events.

If stratified results were presented from one
study (for example, separate results for current and
former use, for men and women), we combined them
by carrying out a meta-analysis based on fixed effect
model when O statistic was not significant (P>0.1);
otherwise we used a random effect model.

2.4 Data synthesis and statistical analysis

A meta-analysis was made of the selected pri-
mary endpoint outcomes based on a random effect
model (DerSimonian and Laird, 1986). We exam-
ined heterogeneity across studies with the Q statistic
(P<0.1 considered significant). Egger’s test was
used to detect possible publication bias. All of
analyses were conducted with the statistical package
STATA (Version 11.0; Stata Corp, College Station,
TX, USA).

We classified studies on the basis of the chosen
outcomes (CVD, IHD, CBVD). In addition, we also
classified studies by geographical region of study and
study design (cohon, case-control) in the subgroup
analysis. We accounted for concurrent smoking as a
confounding factor, if a risk estimate was neither
restricted to non-smokers nor obtained after adjust-
ment for smoking; we considered it for sensitivity
analysis by repeating the meta-analysis after exclu-
sion of the study. Similarly, we repeated the meta-
analysis after removing cross-sectional studies, and
studies in which we had made any assumption about
the classification of diseases. To minimize the con-
founding duc to presence or absence of tobacco in
chewing substances, which may be characteristic of
different regions, we repeated the meta-analysis after
stratification by geographical region. The possible
influence of study design was assessed by repeating
the main analysis with cohort study data only. To
disentangle the effect of geographical region from

that of study design, we carried out a further meta-
analysis restricted to cohort studies from Taiwan.

3 Results -

Fig. 1 shows details of study identification, in-
clusion, and exclusion. A totai of 1599 publications
were initially screened. Eight studies met the criteria
fol inclusion in the present study.

Pubhicatons from search of PubMed and 151 Web of Science
(n=1745)

Citations remaned after duplicates removed (n=1599)

Exclusion of irelevant studies (n=1562)

Detailed mformation evaluated (n=37)

Citations exciuded (n=30)

® Systematc or namabve reviews (n=7);

eC Netters (n=3),

® Studies from Europe, Afica, and USA (n=16),
& Studies not reporing risk eshmates (n=4)

Additional study dentified in
references (n=1)

1
Pubhication included in meta-analyss (n=8) |

Fig. 1 Flow diagram of the study selection process

3.1 Characteristics of included studies

Table 1 shows the characteristics of the included
studies. All of the epidemiological studies were un-
dertaken in South and East Asia in recent years. Five
cohort studies were from India and Taiwan (China)
(Gupta er al_, 2005; Wen er al., 2005; Lan e al., 2007;
Lin et al., 2008; Yen er al., 2008), two used
case-control design, one of which is a multi-center
study (Teo et al., 2006; Rahman and Zaman, 2008),
and another one used cross-sectional design (Guh er
al., 2007). Of the eight studies included, four studies
reported increased risk for use of chewing substance
(Teo er al., 2006; Lin et al., 2008;: Rahman and
Zaman, 2008; Yen er al., 2008), two showed incon-
sistent results between women and men (Gupta ez al.,

b,

e



Table 1 Characteristics of included epidemiological

studies on chewing substances and risk of CVp

Study

2006

Weneral,
2005

Gupta e/
al . 2005

Rahman

and Zaman,

2008
Yenetal,
2008

Laneral,
2007

Linetal,
2008

Guh et al,
2007

Geographical region,

NR, 1932

gender, recruitment, Study
follow-up, No of design
parlicipants
Teo et al Mainly South Asa, Case-
both sexes, control
1999-2003, NR,
27098
Taiwan (China), men,  Cohort
1982-1992,
1982-2000, 19719
India, both sexes, Cohort
199219094,
1992-1999, 97244
Bangladesh, both Case-
sexes, 2006-2007, control
NR. 207
Taiwan (China), men, Cohort
1999-2004, duration
(2.81£1.50) years,
21906
Taiwan (China), both Cohort
sexes, 1989-2003;
1996-2003, 6511
Taiwan (China), men, Cohort
1998-1999,
998-2005, 56116
Taiwan (China), both  Cross-
sexes, 1993-199¢, sectional

Exposure

Chewing tobacco

Betel quid

Betel quid, areca
nut, mishr

Betel quid, dried
tobacco leaf

Betel quid

Betel quid

Betel quid

Betel quid

i No. of
Definition and
Outcome ascertainmen cases or © S{;RC n Adjustment factors
deaths
Acute myocardial Characteristic NA 223714 1-3,52)~ Age, gender, diabetes,
infarction manifestation and abdominal obesity,
ECG (specific hypertension, exercise, diet
criteria available)
CvD [390-459), ICD-9, death 275/ 1.1(0.8-1.6), Age, alcohol, education
IHD [410-414], Tegistry system 39/ 1.0 (0.5-2.4),
stroke [430-438) 86 1.3(0.8-22)
CvD [100-199), ICD-10, death 1876/ 1.06 (0.84—] 33), Age, education
IHD 110,111, 113, 12 1124, registry system 1372/ 1,05 (0.76-1 47)",
125, 146, 150], 386 1.23(0.97-1 55"
CBVD [161-164, 166, 167]

Coronary heart discase Clinical findings NA 28(1.1-1.3) Gender, age, hypertension
(acute myocardial and ECG
infarction and angina
pectoris) - \

CVD [402, 410414, ICD-9, incidence 3163 124 11-1.39) Age, education, occupation,
425-428, 430-438, identified in hos- smoking, alcohol, intake of
440—448) pital, mortality by fish, milk, coffee, physical

FEgIstry system activity, family history
CvD [390-459), ICD-9, death 684/ 1.41(), 12-1,77), Gender, age, living area,
IHD [410-414), registry system 153/ 122 (0.73-2.04), hypertension, anemia, heart
CBVD [430-438) 305 166(1, 19-2.30) disease, liver discase,
arthritis, physical difficulty,
smoking, alcohol
CVD [390-459) ICD-9, death 309 177013 1-2.40)" Age, BMI, diabetes, hyperten-
registry system sion, cholesterol, triglyceride,
alcohol, smoking, physical
activity, income, education
Heart disease Questionnaires on NA |34 12-1.62) Age, abdominal obesity,
self-report cholesterol, hypertension,

diabetes, smoking, fruit
intake

(CBVD), ete (listed 1n order in the fifth column) Cases or
" Results of meta-analysis RR relative nisk. C1 confidence
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2005; Guh er al., 2007), one found inconsistency
between subtypes of CVD (Lan ez al., 2007), and still
another one reported negative results (Wen et al.,
2005). Four studies (Gupta er al., 2005; Teo et al.,
2006; Lin et al., 2008; Rahman and Zaman, 2008)
reported risk estimates of substance chewers re-
stricted to never tobacco smokers, whereas the others
all included cigarette smokers in both categories
(Wen ef al., 2005; Lan et al., 2007; Guh et al., 2007,
Yen er al., 2008), and could not report the relative risk
of chewing betel quid alone. In the latter, however,
risk estimates were all adjusted for cigarette smoking,
except in one study (Wen er al., 2005).

Three studies (Wen et al., 2005; Lan et al., 2007;
Lin et al., 2008) mentioned that betel quid in Taiwan
was generally chewed without tobacco. The betel
quid was commonly used with added tobacco else-
where in South Asia (Gupta and Ray, 2004), though it
was not the case in the Mumbai cohort, where betel

quid was chewed without tobacco (Gupta et al., 2005).

Meta-analyses of stratified results were performed for
three studies to obtain a summary relative risk (Gupta
et al., 2005; Guh er al., 2007; Lin er al., 2008).

3.2 Chewing substances and risk of CVD

On the basis of six risk estimates, the overall
relative nisk of CVD (ICD-9: 390-459; 1CD-10:
100-199) for ever using chewing substances was 1.26
(95% confidence interval (CI) 1.12-1.40), with no
evidence of heterogeneity among studies (Table 2,
Fig. 2; test for publication bias £=0.68). Restricting
the meta-analysis to cohort studies yielded a summary
relative risk of 1.25 (1.08-1.42) based on five risk
estimates. The summary relative risk of CVD for
betel chewing was 1.30 (1.17-1.44) based on five
studies from Taiwan. Data from cohort studies in
Taiwan gave a summary relative risk of 131
(1.12-1.51) based on four risk estimates. An in-
creased risk of death from CVD was present, 1.28
(1.00-1.56) based on four risk estimates. After re-
moving one study that did not report a risk estimate
after adjustment for smoking (Wen er al., 2005), the
positive direction of relative risks all persisted, except
for the fatal form of CVD (data not shown).

Dose-response analysis for CVD was reported in
three studies in Taiwan (Lan er al., 2007; Lin ef al.,
2008:; Yen er al., 2008), and significant trends in risk
by cumulative exposure were detected in two studies

:?ré b

Table 2 Results of meta-analysis on risk of CVD and
chewing substances with or without tobacco

Outcome and  No. of nisk \ RR
subgroups estimates (95% CI)
CVvD
Overall . 6 0.17 126 (1.12-1.40)
Cohort 5 0.13 1.25 (1.08-1.42)
Taiwan 5 029 1.30 (1.17-1.44)
Cohort Taiwan 4 0.19 1.31(1.12-1.51)
Fatal | 4 0.07 128 (1.00-1.56)
IHD
Owerall 6 0.29 1.27 (1.02-1.52)
Cohort 3 0.89 1.08 (0.78-1.38)
South Asia 3 0.07 1.64 (0.60-2.68)
Tarwan 3 0.77 1.31(1.08-153)
Cohort Taiwan 2 0.71 1.15(0.61-1.70)
Fatal 3 0.89 1.08 (0.78-1.38)
CBVD
Overall 3 0.40 1.32(1.08-1.56)
Taiwan 2 043 1.52 (1.09-196)

" P for heterogeneity. CVD: cardiovascular disease; IHD' ischemic
heart disease, CBVD: cerebrovascular disease, RR relative nisk;
CI: confidence interval

Relative risk  Weight
Study ID (95% Cl) (%)
Gupta et al. (2005) o - 1.06 (0.B4, 1.33) 1945
Yen etal (2008) - 1.24(111,139) 3277
Lin et al. (2008) ——— 1.77(1.21,240) 575
Lan et al. (2007) - 141{(112.1.77) 13.34
Wen el al (2005) —f— 1.10{080,160) 970
Guh et al (2007) —-— 1.34(1.12,162) 1898
Overall ('=35.9%, P=0.168) ¢) 1.26(1.12, 1.40) 100.00
NOTE: Weignts are from random
effects analysis
1 |

0 0510152025

Fig. 2 Forest plot of risk estimates for CYD among users
of chewing substances

(Lan er al., 2007; Yen et al., 2008). In the third study
(Lin et al., 2008), though the analysis for trend was
not reported, the relative risk of fatal CVD was the
highest in the groups of subjects using betel quid most
often. In addition, two of these large cohorts (Lin ef
al., 2008; Yen et al., 2008) reported a greater risk of
CVD caused by betel chewing than smoking. In Yen
et al. (2008)’s study, the relative risks (95% CI) of
CVD for betel chewing and smoking were 1.24
(1.11-1.39) and 0.96 (0.89-1.04), respectively. Lin er
al. (2008) calculated that betel nut chewers had a
higher nisk of CVD monality (relative risk 2.10;
P<0.05) than did smokers.

Vs



3.3 Chewing substances and risk of IHD

An increased risk of IHD (ICD-9, 410-414;
ICD-10: 120-125) was observed, with a summary
relative risk of 1.27 (1.02-1.52)on the basis of six
risk estimates (Table 2; test for publication bias
P=0.60). However, the relative risk effect became
insignificant after the removal of the cross-sectional
study of Guh er al. (2007), resulting in a summary risk
estimate of 1.26 (0.85-1.67). The inconsistency be-
tween main analysis and subsequent sensitivity
analysis indicated that a significant effect reached by
main analysis may be heavily influenced by one sin-
gle study. Thus, the result should be interpreted with
caution. Restricting the meta-analysis to cohon
studies (three risk estimates) or studies in South Asia
(three risk estimates) did not show a marked in-
creased risk, though the trend was toward positive
(Table 2). Studies carried out in Taiwan revealed an
increased risk of 1.31 (1.08-1.53), but again the ef-
fect appeared non-significant after exclusion of the
same cross-sectional study where “heart disease” was
recalled by patients rather than being diagnosed in
hospital or classified with specific criteria (Guheral.,
2007).

Of note, there were two case-control studies that
investigated the incidences of “coronary heart dis-
case” and “acute myocardial infarction” (one of them
being a multi-center study), and both showed marked
increase of risk in tobacco chewers in South Asia
(Teo et al., 2006; Rahman and Zaman, 2008).

3.4 Chewing substances and risk of CBVD

Only three estimates (Gupta er al., 2005: Wen
et al., 2005; Lan er al., 2007) were available for
CBVD (ICD-9: 430-438: ICD-10: 160-169; all in
fatal form), resulting in an overall relative risk of
1.32 (1.08-1.56) (Table 2; test for publication bias
P=0.76). No heterogeneity was observed. Given the
limited number of studies, we did not perform fur-
ther subgroup analysis.

4 Discussion

Our meta-analysis showed an increased risk of
CVD among users of chewing substances with or

Zhang et al. /J Zhepang Univ-Sar B (Riomed & Biotechnol) 2010 11(9).681-689

without tobacco compared with non-users. Study data
from Taiwan indicated significantly increased CVD
risk in relation 10 betel chewing. When meta-analyses
were confined to cohort studies or cohort studies in
Taiwan, the positive effects remained significant.
This was further confirmed by subsequent sensitivity
analysis by removing the studies that either did not
report an adequately adjusted risk estimate (Wen er
al., 2005) or defined the dutcome measurement less
clearly (Guh er al., 2007). The magnitudes of the
excess risks for CVD and CBVD were both small, but
the results were produced on the basis of several
studies with large numbers of participants. The con-
sistency of results among studies, and their robustness
for study design and quality also added to their
credibility. The meta-analysis for IHD, however,
showed inconsistency, when a sensitivity analysis
was undertaken. Further grouping the meta-analysis
by study design or geographical region did not show
the evidence of excess risk for IHD.

Several explanations may be given for the dis-
crepancy in results between CVD in total and sub-
types of CVD, such as IHD. First of all, numbers of
IHD cases included may be relatively small. For
example, four out of six studies had included no more
than 200 IHD cases or deaths in each (Wen er al.,
2005; Lan et al., 2007: Guh er al., 2007; Rahman and
Zaman, 2008). Small study population may be
underpowered to detect a possible association.
However, this was not the case in the Mumbaj cohort
study (Gupta et al., 2005), which documented a total
of 1372 IHD deaths (631 men and 741 women),
though an increased risk was found only in women.
Gupta et al. (2005) reasoned that cause-specific death
rates could be underestimated, since nearly a quarter
of total deaths could not be matched. Of note, identi-
fication of IHD deaths in this cohon showed a wider
range than those in the other studies (Table 1), which
might be a source of inconsistent results among
studies. Furthermore, it was also noted that misclas-
sification for the cause of death may well be possible
even within a high quality death registering system
(Gupta er al., 2005). 1t is unclear, however, how
misclassification of fatal IHD could generate a false
negative result in cohort studies, since misclassifica-
tion would most likely be non-discriminatory for the
€xposure status (Rothman and Greenland, 1698). In
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any case, misclassification could have little influence
on the identification of CVD in total. Since diseases
of other systems were much less likely to be classified
as circulatory diseases, while various diseases within
the group of recognized CVD may-be mistaken for
each other.
Moreover, the meta-analysis for the risk of CVD
in total was largely based on four cohort studies in
Taiwan (Wen ef al., 2005; Lan er al/2007; Lin et al.,
2008; Yen et al., 2008) where betel quid was chewed
without tobacco (Wen er al., 2005). Meta-analysis
based on Taiwan data showed increased risk of CVD
for betel chewing, relative risk 1.30 (1.17-1.44)
based on five risk estimates. When it was confined to
cohort studies in Taiwan, the positive direction per-
sisted, and was not swerved by exclusion of the very
study in which risk estimate was not adjusted for
cigarette smoking (Wen er al., 2005). In addition, two
large cohorts in Taiwan (Lin er al., 2008; Yen et al.,
2008) reported a greater risk of CVD from betel
chewing than from smoking. The consistency be-
tween main analysis and sensitivity analysis, together
with dose-response effect in several of these studies,
attested to the evidence that betel chews free of to-
bacco can be harmful to cardiovascular system,
though further classified subtypes of CVD were less
studied for betel chewing. On the other hand, however,
concerning chewing substances with tobacco, only
one cohort study (Gupta et al., 2005) was available
for the risk estimate of CVD in total, where increased
relative risk was found only in women. In contrast,
the two case-control studies including both sexes
(Teo er al., 2006; Rahman and Zaman, 2008) have
explored exclusively the relationship between coro-
nary heart disease and use of chewing tobacco, which
supported a positive link. Given these concerns, more
investigations are needed to explore the risks for
specific subgroups of CVD in relation to the use of
betel chews with or without tobacco, but this would
have to rely on specific and accurate classification of
specific CVD forms and of specific CVD events.
The underlying mechanisms for the link between
chewing substance and CVD may be multiple. Nico-
tine and arecoline, the predominant alkaloids that
were found, respectively, in tobacco and betel quid
(Areca catechu), are recognized for their short-term
effects in causing increased heart rate and blood

e

pressure (Benowitz and Gourlay, 1997; Boucher and
Mannan, 2002). Recent siudies both in India and
Taiwan have found that tobacco chewers and betel
chewers were more prone 16 have dyslipidemia and
hypertension (Khurana er al., 2000; Chung er al.,
2006; Gupta er al., 2007;"Tseng, 2008), which are
traditional risk factors of CVD. It may well raise the
suspicion that some chemicals from these chewing
substances may trigger specific biochemical reactions
related to dyslipidemia anfi hypertension, which in
turn lead to cardiovascular events. In addition,
chewing itself may lead to susceptibility to perio-
dontal diseases, which are potentially associated with
cardiovascular malfunction (Ling ef al., 2001; Janket
et al., 2003). The detailed mechanism by which these
processes are involved in the development of CVD
remains unclear and merits further investigation.

Our findings extend the conclusion reached by a
previous meta-analysis which indicated an associa-
tion between smokeless tobacco and risk of CVD
based on studies carried out in the United States and
Sweden (Boffetta and Straif, 2009). To explore the
associations of tobacco/betel chewing and CVD risks
in Asia, we carried out a meta-analysis based on ex-
plicit criteria for inclusion of studies, extraction, and
pooling of results. By summarizing the existing evi-
dence quantitatively, we obtained a more precise risk
estimate with a narrowed confidence interval, and
thus increased the power to detect a link between use
of betel quid and risk of CVD. The results included in
the meta-analysis were adjusted for other known risk
factors of CVD, such as hypertension, obesity, and
education level.

Our study also has some limitations. First, it was
unclear whether substance chewers would change
their habit during follow-up in the cohort study. It
might generate a false positive effect if chewers
shifted to smoking. However, evidence supporting
chewing tobacco or betel quid as a “gateway™ to
smoking was lacking in Asia. In fact, Taiwan data
indicated that smoking appeared a “gateway" for
betel quid chewing while smokers rarely started
chewing first (Wen er al., 2005). Second, confound-
ing by cigarette smoking might be a potential source
of bias. Still this meta-analysis has very few studies
suitable to use, and not all studies reported the relative
risk confined to non-smokers. However, the numbers



of participants in most of these studies were large, and
in three of the four studies (Guh et al., 2007; Lan et al.,
2007; Yen et al., 2008) where smokers were included,
risk estimates were all reported after adjustment of
-smoking status. The other study (Wen er al., 2005)
was removed in the sensitivity analysis, without al-
tering the findings. Third, we did not perform meta-

analysis stratified by gender, given lack of data. Very

few women in Taiwan use betel quid (Wen er al.,

2005; Lin et al., 2008), and in fact, three large cohorts

in Taiwan investigated male participants exclusively

(Wen et al., 2005; Lin et al., 2008; Yen er al., 2008).

Furthermore, only one large cohort (Gupta et al.,

2005) and another two studies (Guh er al., 2007:

Rahman and Zaman, 2008) reported relative risk for

females separately. However, the latter two included

far less cases compared to other studies, making it

meaningless to stratify the data by gender. Finally, in
consideration of possible heterogeneity, we used a
random effect model which may result in wider
confidence intervals, and thus a more conservative
estimate of effect.

In conclusion, a meta-analysis was carried out on
studies of betel chewing in Asia, with and without
tobacco, in relation to CVD risks. A direct association
was detected, though the results on subgroups of
CVD were less convincing. Furthermore, betel
chewing may impose a greater CVD risk than smok-
ing. More effort on developing betel chewing cessa-
tion programmes is urgently warranted. Further
studies are needed to elucidate whether a similar ef-
fect is present for different subgroups of CVD and to
clarify the mechanisms of the effect of chewing to-
bacco and betel quid on the occurrence of CVD.
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Betel-quid use is associated with heart disease in women' *

Jinn-Yuh Guh, Hung-Chun Chen, Jung-Fa Tsai, and Lea-Yea €huang -

ABSTRACT

Background: Betel quid (Areca catechu) is used by = 10% of the
world population. Be}el-quid use is associated with the metabolic
syndrome-—a risk factor for heart disease.

Objective: The objective was to test whether betel-quid use is as-
sociated with hean disease in adults.

Design: Nonpregnant adults aged 20-64 y (n = 1932, 52% women)
from the nauonally representative Nutrition and Health Survey in
Taiwan (1993-1996) were studied for independent associations be-
tween betel-quid use and heart disease after adjustment for lifestyle
factors, age, obesity, diabetes mellitus, hypertension, and concen-
trations of serum total cholesterol and HDL cholesterol.

Results: The prevalence of betel-quid use was higher in men than in
women (31% compared with 2.4%; P < 0.001). The prevalence of
heart disease was not significantly different between men and
women (3.3% compared with 2.3%; P = 0.12). The prevalence of
betel-quid use decreased, whereas the prevalence of hean disease
increased, with age. Betel-quid users were younger, drank more, had
alower dietary fruitintake, had a higher Framingham risk score, and
had higher serum tnacylglycerol concentrations than did the nonus-
ers. Al a mean consumption rate of 10 umes/d (the third quartile of
betel-quid consumption in betel-quid users), betel-quid use was in-
dependently associated with the Framingham risk score in subjects
without heart disease only if obesity was not included as an adjust-
ment factor (P = 0.007). Moreover, the daily rate of betel-quid use
was independently associated with prevalent heart disease; the odds
ratio associated with a betel-quid consumption rate of 10 times/d was
1.37(95% CI: 1.1, 1.6; P = 0.003) in women.

Conclusion: Betel-quid use is independently associated with hean
disease in women. Am J Clin Nutr 2007:85:1229 - 35.

KEY WORDS Betel quid, Areca catechu, heant disease,
Framingham risk score, diabetes, metabolic syndrome

INTRODUCTION

Heart disease is the leading cause of death worldwide (1).
Moreover, about one-half of the world’s future heart disease
burden is predicted to occur in the Asia-Pacific region (2). The
cardinal risk factors for heant disease include obesity, hyperlip-
idemia, hypertension, diabetes mellitus (DM), and smoking (2.
3). In contrast, moderate alcohol drinking may protect against
heart disease (4, 5).

Many of the risk factors for hean disease have reached epi-
demic proportions worldwide. The world population in the year
2000 was 6 billion (6); the global burden of obesity or overweight
was 1.3 billion people (7), of hypertension was 1 billion (8), and
of DM was 150 million people (9). The number of patients with

Am J Clin Nutr 2007:85:1229-35. Printed in USA_ © 2007 Amencan Society for Nutrition

DM is predicted to rise to 300 million in the year 2025, the
majority of whom will be in Asia (10). Obesity, hypentension,
nd DM are frequently associated with hypertriacylglycerolerma
and low HDL-cholesterol concentrations—2 conditions that are
independently associated with coronary artery diseases (11).

Betel quid (Areca catechu), usually chewed in combination
with Piper betle (inflorescence or leaf) and lime (12), is used by
=10% of the world population, including Taiwan (13). Betel-
quid use is associated with the risk of oral cancer, liver cirrhosis,
and hepatocellular carcinoma (14, 15). Moreover, we and others
have shown that betel-quid use is associated with obesity, hy-
pertension, DM, hyperlipidemia, and the metabolic syndrome
(16-18)—the cardinal risk factors for heart disease (2, 3). In-
deed, sporadic case reports suggest that betel-quid use may pre-
dispose to acute myocardial infarction (19, 20) and cardiac ar-
rhythmias (21).

Therefore, data from the stratified multistage probability-
sampled Nutrition and Health Survey in Taiwan (NAHSIT,
1993-1996) (22, 23) was used to study the association between
betel-quid use and heart disease in adults.

SUBJECTS AND METHODS

Study population

NAHSIT was a stratified multistage probability-sampled
study (22, 23). The detailed procedure of the study was described
in our previous study (18). Briefly, Taiwan (with =21 million
inhabitants in 1993-1996) was stratified into 7 strata, and 3
townships in each stratum were selected with the selection prob-
ability proportional to the population size of the township. A total
of 9961 persons aged 4-96 y were recruited. Nonpregnant adults
aged 20-64 y (n = 3910) were included in this study. This study
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was approved by the institutional ethics committee. All NAHSIT
enrollees provided written informed consent.

Enrollees who had not received a physical examination or
phlebotomy (n = 970), who had fasted for <8 h (n = 148), who
had hemolyzed blood (n = 109), or who had missing data on
betel-quid use (n = 42), smoking or drinking (n = 93), DM or
hypertension (n = 31), blood glucose (n = 140), serum biochem-
istry (total cholesterol, tnacylglycerol, and HDL cholesterol)
(n = 649), ordietary intakes (sodium and protein) (n = S0). Thus,
the data from a total of 1932 persons were available for analysis
in this study. Note that some participants met more than one
exclusion cniteria.

Interview

The details of the interview and physical examination were
described in our previous study (18). Briefly, the household
interview and physical examination were completed by trained
technicians (23). Dietary intakes for those aged 20-64 y were
estimated from a 24-h dietary recall and a food-frequency ques-
tionnaire. The food-frequency questionnaire (24) estimated the
frequency of intake of 36 food items within 1 mo. The 24-h
dietary recall (25) included a recall of foods consumed within the
24 h before the administration of the 24-h dietary-recall ques-
tionnaires. Nutrient intakes were calculated from each food item
based on the Nutrient Composition Data Bank for Foods of
Taiwan Area (26). Intakes of carbohydrate, fat, and protein were
expressed as a percentage of daily energy intake.

Smoking was coded as pack-years [packs (20 cigarettes per
pack)/d x years]. Alcoholic drinks in Taiwan were classified into
9 categones according to the concentration of alcohol (27), and
alcohol drinking was coded as drink-years (drinks/d X years).
Note that a “drink” was defined as the amount of an alcoholic
drink that contains 0.5 oz (13.7 g) of alcohol (5). Alcoho! drink-
ing status was classified into nil, moderate (<1 drink/d for
women and =2 drinks/d for men), and heavy (>1 drink/d for
women and >2 drinks/d for men) (5). Betel-quid use was coded
in 2 ways: /) yes or no and 2) times/d.

Body weight was measured with the use of a weighing scale,
while the subjects were wearing light clothing, to the nearest 0.1
kg (18). Body height without shoes was measured to the nearest
0.1 cm in a standing position (18). Waist circumference was
measured horizontally with the use of a soft measuring tape at the
level of the natural waist, which was identified as the level at the
hollow molding of the trunk when the trunk was bent laterally (28).

Blood pressure was measured with a mercury sphygmoma-
nometer after the subjects had rested for 5 min in the supine
position (29). Systolic and diastolic blood pressures were re-
corded as the first and fifth phases of Korotkoff sounds, respec-
tively. Two blood pressure measurements were made 30 s apart.
If the 2 measurements differed by =10 mm Hg, a third measure-
ment was made and the 2 closest readings were averaged. The
weighing scale, measuring tapes, and mercury sphygmomanometer
were standardized by Bureau of Standards, Mewology and
Inspection—authonzed agencies imitially and at 6-mo intervals (18).

Hypertension was defined as a blood pressure =140 (systol-
ic)/90 (diastolic) mm Hg, physician-diagnosed hypertension, or
current use of antihypertensive agents. DM was defined as a
fasting (whole) blood glucose concentration =110 mg/dl.,
physician-diagnosed DM, or current use of hypoglycemic
agents. Abdominal obesity was defined as a waist circumference
=90 c¢min menand a waist circumference =80 ¢m in women for

¢
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Asians (30, 31). The definition of the metabolic syndrome was
modified from that of the National Cholesterol Education Pro-
gram Adult Treatment Panel 11 (3, 32), as described in our
previous study (18).

Heart disease was defined as an answer of “yes” to the ques-
tion, “Do you have a physician-diagnosed heart disease? ™. Note
that “heart disease™ in this study refers to prevalent (current)
heart disease instead of incident (new onset) heart disease. The
Framingham nisk score, which was based on sex. age, choles-
terol, HDL cholesterol, blood pressure, DM, and smoking, was
calculated to provide an estimate of 10-y coronary risk (33) in
NAHSIT partucipants without heart disease.

Measurements i

Fasting whole-blood glucose was measured by using the glu-
cose oxidase method (portable model 23A; YSI Co.. Taipei,
Taiwan) immediately after blood was drawn. Fasting moming
blood samples were drawn and centrifuged (1000 X g, 15 min,
4 °C) on site (18). Serum was stored at —70 °C until 1otal cho-
lesterol, HDL-cholesterol, and triacylglycerol concentrations
were measured (Hitachi 747 autoanalyzer; Hitachi, Tokyo,
Japan) (18).

Statistics

The statistical package STATA (version 8.2; Stata Corp, Col-
lege Station, TX) was used. The data were expressed as means +
SEMs. Statistical significance was defined as a P value <0.05;
otherwise, it was defined as nonsignificant.

The weighted “svy” or “robust” commands were used 1o ac-
count for the probability sampling weight, complex survey de-
sign. and stratification (34) in NAHSIT. The differences between
2 continuous variables were compared by unpaired 1 tests. The
differences between 2 categorical variables were compared by
chi-square tests. The differences between 2 nonnormally distrib-
uted vaniables (Framingham risk score and dietary intakes of
cholesterol, sodium, and fruit) were compared by using nonpara-
metric median tests. Linear regression analysis was used to test
for the association of demographic and lifestyle variables, other
than those used to estimate Framingham risk scores, with the
Framingham risk score. Logistic regression analysis was used to
test for the association of demographic and lifestyle vanables
with heart disease. Data were analyzed separately for men and
women when there was a significant interaction between sex and
the independent variables. Trend tests (18) for alcohol drinking
status were also performed.

Note that a confounder is defined as a factor associated with
both exposure (betel-quid use in this case) and outcome
(Framingham risk score or heart disease in this case) (35). Ab-
dominal obesity, alcohol drinking, and dietary fruit intake are all
associated with both betel-quid use (18) and the Framingham risk
score (5) and, therefore, are confounders 1o be adjusted in linear
regression analyses. In contrast, variables of the Framingham
nsk score (sex, age, hypertension, DM, smoking, and concen-
trations of serum total cholesterol and HDL cholesterol) (33),
abdominal obesity, alcohol drinking, and dietary fruit intake are
all associated with both betel-quid use (18) and heart disease (5)
and, therefore, are confounders to be adjusted in logistic regres-
sion analyses
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TABLE 1
Demographic charactenistics of NAHSIT (Nutrition and Health Survey in Taiwan) parucipants who did or did not use betel quid, by sex’

Men Women

Betel-quid use No betel-quid use Betel-quid use No betel-quid use

Betel-quid use (n=217) (n=619) (n=79) (n = 957) P
Age (y) 36 + 0.87 39+ 06 3M4+5 38404 NS/0.007
Smoking (pack-years)* 1241 54 +04° 16+ 08 0.1+ 0.04 < 0.001/—
Alcohol drinking (drink-years) 40 + 10 10+3 18 + 10 0.1 +0.02 < 0.001/0.01
Alcohol drinking status (%)°® = . < 0.001/< 0.001
Nil 23 54 30 88
Moderate 32 36 38 11
Heavy 45 10 32 1
Framingham risk score (%)”* 4(4) 2(5) 2(1) 1(1) < 0.001/0.01
Hean disease (%) p 15 35 ;32 23 NS/NE
Abdominal obesity (%) 92 109 16 164 0.03/NS
Diabetes mellitus (%) 38 37 2 4 NS/NS
Hypertension (%)” 22 26 39 16* NS/
Metabolic syndrome (%) 11 9 6.7 98 NS/NS
Cholesterol (mg/dL) 192 + 4 193 + 3 186 + 8 186 +3 0.01/NS
Triacylglycerol (mg/dL) 145+ 9 120 + 9 107 + 10 9445 < 0.001/0.001
HDL cholesterol (mg/dL.) 5541 5442 66 + 4 61 %1 < 0.001/NS
Carbohydrate intake (% of energy) 52+2 54+ 1 45+ 5 52+2 NS/NS
Fat intake (% of energy) 29+ 1] 28+1 36+ ) 32+ 0.004/NS
Cholesterol intake (g/d)* 0.27 (0.34) 0.28 (0.3) 0.27(0.5) 0.2 (0.25) 0.001/NS
Protein intake (% of energy) 15+08 16£02 17 £ 1 16+04 NS/NS
Sodium intake (g/d)" 28(26) 29(29) 2(0.3) 27223) NS/NS
Vegetable intake (times/wk) 25+ 2 27+ 1 28 + 3 28 +2 0.01/NS
Fruit intake (times/wk)* 3(6) 6(6) 47 7(5) 0.01/0.01

! Fasting morning blood samples were drawn and centrifuged on site. Serum was stored at —70 °C until analyzed within a month for total cholesterol,
tiacylglycerol, and HDL-cholesterol concentrations with the use of 2 Hitachi 747 autoanalyzer (Hitachi, Tokyo, Japan). The differences between continuous
vanables (except Framingham risk score and dictary intakes of cholesterol, sodium, and fruit) were tested by using unpaired 1 tests. The differences between
categorical vanables were tested by using chi-square tests.

? Men compared with women/betel-quid use yes compared with no.

‘i + SEM (all such values)

* P < 0.05 for the interaction between sex and betel-quid use.

'P < 0.001.

 Classified as nil, moderate (<1 drink/d for women) and =2 drinks/d for men), or heavy (>1 drink/d for women and >2 drinks/d for men).

" Calculated only for NAHSIT participants without heart disease.

* All values are medians (interquartile range, ie, the difference between the third and first quantiles 1n parentheses) and were compared by using
nonparametric median tests because of nonnormal distribution.
*¥Significantly different from betel-quid use when the sex x betel-quid use interaction was significant: *P < 0.001, “P < 0.01.

It requires =10cases (of heart disease in this instance) foreach In contrast, there were no differences in betel-quid use, smok-
independent variable in a logistic regression model (36). More- ing, alcohol drinking, and heart disease between the participanis
over, subgroup analyses should only be performed when statis- and the nonparticipants. Note that the Framingham risk score,

tical tests of interaction are significant (37). Thus, to assess the obesity, hypertension, DM, dietary intakes, and concentrations
independent effect of betel-quid use on heart disease, we ana- o serum cholesterol, tnacylglycerol and HDL cholesterol could
lyzed all participants (n = 1932) with an interaction term (sexby ot be compared between the participants and nonparticipants

betel-quid use) in which the number of outcomes (heart disease) because most of the nonparticipants did not provide these data.
was 127 and the number of independent variables was 11

Prevalence of betel-quid use and heart disease in

RESULTS NAHSIT participants, by sex and age

Demographic characteristics of NAHSIT enrollees, by The overall (weighted) prevalence of betel-quid use was

participation 16.9%, which was higher in men than in women (31% versus
The recruitment rate was 49.4% (1932/3910) of those ap- 2.4%, P < 0.001). In contrast, the crude prevalence of betel-quid

proached. There was a lower percentage of men in the partici- use was 30.9% (277/896) and 7.6% (79/1036) in men and women

pants’ subgroup than in the nonparticipants’ subgroup (48% (Table 1), respectively. The overall (weighted) prevalence of
compared with 54%: P = 0.005). Moreover, the participants heart disease was 2.8%, which was not significantly differemnt
were older than the nonparucipants (39 + 0.4 compared with between men and women (3.3% compared with2.3%; P = (0.12).
37+ 04y; P =0.002). In contrast. the crude prevalence of heart disease was 5.2%
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TABLE 2
Demographic charactenstics of NAHSIT (Nutntion and Health Survey in
Taiwan) participants with and without prevalent hean disease’

Hean discase
Yes No .

Heart discasc (n=47M.80F) (n = B4IM,956F) P
Age (y) 532 0 IR+ 04 < 0.001
Smoking (pack-yecars) 625 38+03 NS
Alcohol dnnking (drink-years) 96=7 T2 NS
Alcohol drinking status” NS

Nil - &1 65

Moderate 27 27

Heavy 6 8
Betel-quid use (%) 10.8 173 NS
Abdominal obesity (%) 40 13 <0001
Diabetes mellitus (%) i 36 0.002
Hypentension (%)’ /

Men 53 24 0.0

Women 71 15 < 0.001
Metabolic syndrome (%) 27 93 < 0.001
Total cholesterol (mg/dL) 202+5 189 +2 0.03
Triacylglycerol (mg/dL) 128 + 12 10+ 4 0.03
HDL cholesterol (mg/dL) 5443 s81 NS
Carbohydrate intake (% of energy) 55+2 5321 NS
Fat intake (% of energy) 27+2 30 +1 NS
Cholesterol intake (g/d)® 0.17(0.27) 0.25(0.31) NS
Protein intake (% of energy) 18+ ] 164 NS
Sodium intake [p'd]" 24(24) 28(26) N$
Vegetable intake (nmes/wk) 5+ ] 7 f i i S NS
Fruit intake (imes/wk)® 5.5(8) 15(9) NS

! Fasting moming blood samples were drawn and centrifuged on site.
Serum was stored at —70 °C until analyzed within a month for total choles-
terol, tniacylglycerol, and HDL-cholesterol concentrations with the use of a
Hitachi 747 autoanalyzer (Hitachi, Tokyo, Japan).

? The differences between continuous variables (except Framingham
risk score and dietary intakes of cholesterol, sodium, and fruit) were tested by
using unpaired r tests. The differences between categorical variables were
tested by using chi-square tests.

¥+ SEM (all such values).

! Classified as ml, moderate (< | dnnk/d for women and <2 drinks/d for
men), and heavy (> 1 dnnk/d for women and >2 drinks/d for men).

5 The data were reported separately for men and women when there was
a significant interaction between sex and hean disease.

* All values are medians (interquartile range, ie, the difference between
the third and first quartiles, in parentheses) and were compared by using
nonparametric median tests because of nonnormal distribution.

(47/896) and 7.7% (80/1036) in the men and women, respec-
tively (Table 2). The (weighted) prevalence of heart discase was
1.8% in betel-quid users. In contrast, the crude prevalence of
heart disease in betel-quid users was 7.3% (26/356). Addition-
ally, among betel-quid users, there were 10 men and 16 women.
Morcover, the prevalence of betel-quid use decreased (P = 0.01),
whereas the prevalence of heart disease increased (P = 0.001)
with increasing age in both sexes (data not shown).

Demographic characteristics of NAHSIT participants, by
sex and betel-quid use

As shown in Table 1, smoking, alcohol dnnking, Framingham
risk score, serum total cholesterol and triacylglycerol concentra-
tions, and dietary cholesterol intake were higher in men than in
women. Conversely, the prevalence of abdominal obesity, serum
HDL -cholesterol concentrations, and dietary intakes of fat, veg-
etable, and fruit were lower in men than in women. In contrast,
there were no differences in age. DM, and the metabolic syn-
drome between men and women.

1
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Betel-quid users were younger than the nonusers. Addition-
ally, both male and female betel-quid users drank more, had a
higher Framingham risk score and serum triacylglycerol concen-
tration, and had a lower intake of dietary fruit intake than did the
nonusers. Interestingly, male but not female betel-quid users
smoked more than did the nonusers. In contrast, female but not
male betel-quid users had a higher prevalence of hypertension
than did the nonusers. Conversely, there were no differences in
serum concentrations of total cholesterol and HDL cholesterol.
dietary intakes other than fruit, and the prevalence of heart dis-
ease, abdominal obesity, DM, and the metabolic syndrome be-
tween the betel-quid users and the nonusers in either sex.

Demographic characteristics of NAHSIT participants
with and without heart disease /

As shown in Table 2, the participants with heart disease were
older, had higher serum total cholesterol and triacylglycerol con-
centrations, and had a higher prevalence rate of abdominal obe-
sity, DM, hypertension, and the metabolic syndrome than did
those without heart disease. In contrast, there were no differences
in betel-quid use or in any of the dietary intakes between partic-
ipants with and without heart disease.

Association of the demographic and lifestyle factors with
the Framingham risk score in NAHSIT participants in a
linear regression analysis

As shownin Table 3, betel-quid use (yes or no) was positively
associated with the Framingham risk score, whereas the daily
rate of betel-quid use was positively associated with the
Framingham risk score only in participants without heart disease.
Note that there were no interactions between sex, heart disease,
and betel-quid use.

In the multivariate analysis, the effect of betel-quid use was
adjusted for abdominal obesity, dietary fruit intake, and alcohol
drinking. We found that betel-quid use [yes or no: 1.76 + 0.5
(coefficient + SEM); r = 0.33, P = 0.004], but not the daily rate
of betel-quid use (0.25 + 0.13; r = 0.31, P = 0.08) was inde-
pendently and positively associated with the Framingham risk
score. However, the daily rate of betel-quid use was indepen-
dently and positively associated with the Framingham risk score
if we excluded abdominal obesity from the adjustment factors
(0.46 = 0.14; r = 0.1, P = 0.007). Note that there were no
interactions between sex, heart disease, and betel-quid use in the
above multivariate analyses.

As shown in Table 3, abdominal obesity was positively asso-
ciated with the Framingham risk score, but dietary intakes of
carbohydrate and fat were associated positively and negatively
with the Framingham risk score, respectively, only in women. In
contrast, alcohol drinking was positively associated with the
Framingham nisk score in participants with heart discase,
whereas alcohol drinking was associated positively and nega-
tively with the Framingham risk score in men and women, re
spectively, in participants without heart disease. However, alco-
hol drinking status (nil, moderate, or heavy) was not associated
with the Framingham risk score.

Association of betel-quid use with prevalent heart disease
in a multiple logistic regression analysis

The effect of betel-quid use was adjusted for sex, age, abdom.
inal obesity, concentrations of serum total cholesterol and HDI.
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Association of the demographic and lifestyle factors with Framingham risk scores in NAHSIT (Nutrition and Health Survey in Taiwan) participants’

-~
Betel-quid use (yes or no)
Daily rate of betel-quid use (10 times/d), heart disease present”
Daily rate of betel-quid use (10 times/d), heart disease absent’
Abdominal obesity (yes or no)
Alcohol drinking (drink-years), hean disease present”’
Alcohol drinking (drink-years), hean disease absent’
Men
Women
Alcohol drinking status®*
Carbohydrate intake (% of energy)® {
Men
Women
Fat intake (% of energy)?
Men
Women
Cholesterol intake (g/d)
Protein intake (% of energy)
Sedium intake (g/d)
Vegetable intake (times/d)
Fruit intake (times/d)

Framingham risk score

Coefficient (95% CT) P
1.5(0.7,2.3) 0.001

—1.8(-43,0.7) NS
0.54 (0.28,0.8) 0.001
52(3.6,6.8) < 0.001
0.01 (0.008,0.013) - 0.001

0.009 (0.002, 0.02) 0.02

—0.008 (- 0.02,~0.0001) 0.047

=0.01 (-0.14,0.12) NS

1]

~1.86 (—6,2.5) NS
33(2,46) < 0.001

25(-2,6) NS
-29(-3.7.-2) < 0.001

=0.19(—0.95, 0.6) NS

—048(-5.7,4.7) NS

0.006 (—0.06, 0.07) NS

=0.005 (—0.03, 0.02) NS

—0.02 (—0.06, 0.02) NS

interaction between heart disease and thar independent variable.

interaction between sex, heart disease, and that independent variable.

independent variable.

cholesterol, hypertension, DM, smoking, alcohol drinking, and
dietary fruit intake. As shown in Table 4, betel-quid use was not
associated with prevalent heart disease when analyzed as a car-
egorical variable (yes or no) in either sex. However, betel-quid

TABLE 4

Association of betel-quid use with prevalent heant disease in multiple
logistic regression analysis in NAHSIT (Nutnion and Health Survey in
Taiwan) participants’

Odds ratio

Betel-quid use (95% C1) P
Yes or no”

Men 02(0.02,24) NS

Women 2.6(0.7, 10) NS
Daily rate, 10 times/d*

Men 05(0.14,1.9) NS

Women 1.37(1.1, 1.6) 0.003

"n = 1932 (n = 896 men and n = 1036 women. Multiple logistic
regression analysis was used to assess the effect of betel-quid use on prevalent
heartdisease after adjustment for sex, age, abdominal obesity, concentra tons
of serum total cholesterol and HDIL. cholesterol, hypertension, diabetes mel-
htus, smoking, alcohol dninking, and dietary fruit intake

P = 0.03 for interaction between sex and betel-quid use (yes or no)
P = 0.01 for interaction between sex and the daily rate of betel quid
use. A daily consumption rate of (10 times/d) was chosen because it was the
third quartile of betel-quid consumption in betel-quid users

-

‘ The data were reported separately for men and women with and without prevalent heart disease for the independent variable when there was a sigmificant

use was independently and positively associated with prevalent
heart discase when analyzed as a continuous variable only in

DISCUSSION

We found that betel-quid use is associated with heart disease
and the Framingham risk score in women. This finding extends
our previous finding that betel-quid use is associated with the
metabolic syndrome in adults (18). In view of the large world
population that uses bete] quid (13) and the effect of heart disease
on global health (1), these findings have important implications.

In this study, the prevalence of heart disease was not signifi-
cantly different between sexes. However. there were many im-

In NAHSIT panticipants without heart disease, the daily rate of
betel-quid use was independently associated with the Framing-
ham nisk score only after abdominal obesity was excluded from
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the adjustment factors. Thus, abdominal obesity may be an in-
termediate variable along the causal pathway between betel-quid
use and the Framingham risk score, not needing to be adjusted for
(35).

Alcohol drinking was associated positively with the Framing-
ham risk score in participants with heart disease. In contrast,
alcohol drinking was associated positively and negatively with
the Framingham risk score in men and women, respectively, in
participants without heart disease. However, alcohol drinking
was associated negatively with the Framingham risk score in
women regardless of heart disease (P = 0.01%), but not in men
(P = 0.2), only after adjustment for serum creatinine concentra-
tion—a heart disease risk factor (38) (data not shown). This
observation is different from the notion that moderate, but not
heavy, alcohol drinking, is negatively associatgd with the nisk of
coronary heart disease (39). However, this observation is con-
sistent with that of a recent study, which showed that alcohol
drinking is linearly and negatively associated with the nsk of
coronary heart disease in women (4).

In contrast, alcohol drinking was not associated with prevalent
heart disease. This observation is consistent with the finding of an
international case-control study (including Chinese partici-
pants), which showed that alcohol drinking is not associated with
acute myocardial infarction after adjustment for multiple risk
factors (40).

In the univariate analysis, the prevalence of hean disease was
not different between betel-quid users and nonusers in men and
women, despite the imbalances of some of the heart disease risk
factors with sex. Moreover, the prevalence of betel-quid use
decreased with age, whereas the prevalence of heart disease
increased with age. Thus, the role of betel-quid use in heart
disease was analyzed by multiple logistic regression analysis
after adjustment for the multiple heart disease risk factors as-
sessed, and we found that the daily rate of betel-quid use, but not
betel-quid use (yes or no), was independently associated with
prevalent heart disease in women.

The sex-specific effect of betel-quid use was also observed in
a previous study, which showed that betel-quid use was associ-
ated with hyperglycemia only in women (17), although a recent
large community-based study showed that betel-quid use was
associated with hyperglycemia in both sexes (16). Similarly,
transient hyperglycemia in DM increases the glomerular filtra-
tionrate only inwomen (41). Interestingly, DM and hypertension
are greater risk factors for heart disease in women than in men
(42). Moreover, women have a higher resting heart rate than do
men (42), a heart disease nsk factor (43), which is further in-
creased by betel-quid use (44).

There are several possible mechanisms for the association
between betel-quid use and heart disease. The first 2 mechanisms
relate to the fact that betel quid contains substances with both
sympathetic and parasympathetic activities (44). First, betel-
quid activates the sympathetic nervous system (44), which is a
heart disease risk factor (45) associated with obesity (46), hy-
pertension (47), and the metabolic syndrome (48)—the cardinal
heart disease risk factors (2, 3). Other adverse cardiovascular
effects of sympathetic activation include reduced vascular con-
ductance, impaired baroreflex buffering, and decreased heart
responsiveness to B-adrenergic stimulation, etc (49)

Second, there 1s @ harmonious vagosympathetic interaction in
normal cardiac autonomic regulation, whereas a high acuvity of
the heart from both autonomic systems may be arrhythmogenic

GUH ET AL

(50). Moreover, Piper betle inflorescence extract, chewed in
combination with Areca catechu nut in betel quids, also activates
both cardiac autonomic systems in rats (51).

Finally, betel-quid use is associated with obesity, hyperien-
sion, hypertriacylglycerolemia, DM, and the metabolic syn-
drome (16 —18)—the heart disease nsk factors (2, 3). Note that
although betel-quid use was not associated with abdominal obe-
sity or the metabolic syndrome in the univariate analysis, the
daily rate of betel-quid use was associated with abdominal obe-
sity and metabolic syndrome in multivariate analysis both in the
present study (data not shown) and our previous study (18).

This study and all secondary analyses had several limitations
(52). First, being a secondary analysis, sampling and measure-
ment issues were inevitable (52). However, NAHSIT was a na-
tionally representative study. whereas there was no selection bias
associated with participation other than sex and age, which were
adjusted for in the multivariate analyses. Moreover, all relevant
measurements were made with standard methods. Second, dis-
case (heart disease in this case) was defined by the participant’s
recall and not by using gold-standard diagnoses. Third, because
this was a cross-sectional study, causality could not be estab-
lished. Finally, itis not known whether the subjects changed their
diets after having been diagnosed with heart disease. However,
this eventis unlikely because betel-quid use was not a known risk
factor for heart disease in 1993-1996. We conclude that, al-
though men used more betel-quid chews than women, betel-quid
use is independently associated with heart disease only in
women. £ |
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A prospective community-population-registry—based cohort study of
the association between betel-quid chewing and cardiovascular
disease in men in Taiwan (KCIS no. 19)'® -

Amy Ming-Fang Yen, Li-Sheng Chen, Yueh-Hsia Chiu, Barbara J Boucher, and Tony Hsiu-Hsi Chen

ABST R{\CT

Background: Betel-quid chewing, a recognized risk factor for oral
cancer, was showntobe a contnibutory cause of metabolic syndrome
in humans, which implies a greater likelihood of developing cardio-
vascular disease (CVD) among those with the betel habit.
Objective: This study investigated the effect of betel chewing on the
risk of developing overt CVD.

Design: We used the prospective cohont data derived from a com-
munity-population-registry- based integrated screening program to
quantify the effect of betel-quid chewing on the incidence of newly
diagnosed CVD by classifying the study population into either ex-
posed or nonexposed groups according to chewing status at baseline.
We then followed the group free of CVD at recruitment for 2.72 y
(SD = 1.52 y) to learn of new cardiovascular events. Proportional
hazards regression modeling was used 1o estimate the magnitude of
the effect of betel-quid chewing on CVD.

Results: After control for age and education level, ever chewers had
a23% (95% CI: 11%, 37%) greater risk of developing CVD than did
never chewers; ever chewers were still at greater risk of developing
CVD by 24% (95% Cl: 11%, 39%) after further adjustment for age,
education, and other significant confounders. Significant dose-
response relations were found for betel-quid chewing (P < 0.05,
trend test) after adjustment for other significant variables.
Conclusion: The habit of chewing betel nut was shown to have
independent dose effects to predict increases in the risk of CVD in
men, with the use of a prospective communi ty-population-registry—
based cohort study. Am J Clin Nutr 2008:87:70-8.

KEY WORDS Cardiovascular disease, betel quid, Areca car-
echu, chewing, dose-response effect, community-based integraied
screening, prevalence, nisk factors, humans, men

INTRODUCTION

The habit of betel-quid chewing is common in many Asian
countries such as India and Taiwan and wherever betel-chewing
communities migrate. The betel habit is a recognized risk factor
for oral cancer (1) and appears to be a contributory cause for
developing type 2 diabetes mellitus (T2DM), central obesity, and
hyperglycemia in animal experiments (2) and the metabolic syn-
drome (MetS) in recent studies in humans (3-8). The findings on
MetS imply that there should be an increased likelihood of de-
veloping cardiovascular disease (CVD) among those with the
betel habit because the main components commonly included in
the definition of MetS [according 10 the National Cholesterol
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Education Program/Adult TreatmentPanel 111 (9)] are strongly
related to the subsequent occurrence of CVD. Possible underly-
ing biological mechanisms that could account for the association
of betel chewing with CVD include the known increases in cir-
culating catecholamines and enhanced activity of both sympa-
thetic and parasympathetic components of the autonomic ner-
vous system in humans (10-12). The dose-effect Increases in
inflammatory markers pertaining to CVD risk. such as matrix
metalloproteinase 9 (MMP9) and C-reactive protein, have also
been found in association with the bete] habit (13).

Despite these findings direct evidence is lacking to show the
association of betel-quid chewing with the development of CVD
in human beings. Although sporadic case reports suggest this
possibility (14, 15), there are no studies of any population-based
cohort with large numbers of subjects or with continued
follow-up and no prospective studies on this topic. Recently
initiated community-based studies, such as the Keelung
Community-based Integrated Screening (KCIS) program (16),
provide an opportunity to assess the effect of the betel-quid
chewing habit prospectively with data collected at baseline on
occurrence rates of newly diagnosed CVD during follow-up in
the cohort free of CVD at baseline screening. The aim of this
study was, therefore, to determine whether there was an effectof
betel chewing on the risk of developing overt CVD (confirmed
CVDor death from CVD)ina large prospective and community-
population-registry—based cohort.

SUBJECTS AND METHODS

Study population

Subjects in the current study were derived from a target pop-
ulation of all 185 596 inhabitants aged 20-79 y in Keelung, the
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northernmost city of Taiwan. The inhabitants were invited o take
part in a screening program directed at common cancers and
certain chronic diseases and their risk factors, within the KCIS
program (16). Details of the original study design, implementa-
tion, follow-up, and preliminary results of the KCIS study are
described in full elsewhere (16, 17). The KCIS program offers a
continuing evidence-based screening program for S neoplastic
diseases and 3 nonneoplastic diseases with interscreening inter-
vals ranging between | and 5 y, depending on the particular
disease. Thus, the KCIS program has been running annual re-
cruitment screening between 1999 and 2004 with ongoing inter-
val review of KCIS recruits as above. This program was ap-
proved by the local ethics committee of the Health Bureau of
Keelung City, including the systems for the data linkage and for
the maintenance of subjects’ confidentiality. Written informed
consent of each participant was obtained at recruitment in the
program. It is a prospective cohort study with staggered entry
times for participants in the KCIS program. In the current study,
=74 804 KCIS screened participants, who had attended penodic
face-to-face questionnaire interviews that correspond to the in-
terscreening interval designed in the KCIS program at least once
between 1999 and 2004, were eligible for inclusion in the present
study. The coverage rate was 40% by the end of 2004. Because
the KCIS program was designed to offer mass screening for
many detectable cancers and chronic diseases, participants were
enrolled from the Keelung population registry rather than by
seeking volunteers by advertisement. Moreover, although the
questionnaire interviews were performed by public health nurses
and contained questions on exposure to betel-quid chewing and
on other baseline vaniables, the participants were not aware of
any hypothesis about the association between betel-quid chew-
ing and CVD before the screening. Because the KCIS program
has collected baseline information on the betel-chewing habit as
well as including data on the factors widely recognized to be
associated with increased CVD risk, our data offer a unique
opportunity to elucidate the independent effect of betel chewing
on the occurrence of chronic diseases. Indeed, the dose-related
relations of betel-quid chewing to the risk of developing T2DM
(5) and of developing the MetS (6) in the KCIS program could
only be elucidated because of these features of this prospective
study.

Study design

Basically, it is a prospective study because exposure to betel-
quid chewing was collected before the development of newly
diagnosed CVD by following a normal cohort from which study
subjects with previously diagnosed CVD at baseline were al-
ready excluded. The data used in the current subsidiary analysis
about the assessment of the specific hypothesis were derived
from a community- and population-registry-based integrated
screening program that was designed 1o provide early detection
of 5 major screen-detectable cancers and 3 chronic diseases by
inviting residents from the population registry 1o participate be-
tween 1999 and 2004. However, the study design was, therefore,
not tailored solely for examining the hypothesis: betel-quid
chewing may lead to a higher risk of developing CVD, as seen in
a conventional cohort study that sets up a specific exposure and
follows subjects over time to ascertain the outcome of interest,
Instead, we built up a cohort through a population-registry—
based screening program. Because our screening program has

1481

collected a consteliation of demographic features, lifest yle fac-

tors (eg, smoking, alcohol consumption, and betel-quid chew-

ing), biochemical markers, dietary habits, family history of ma-

Jor diseases, and personal disease history, the entire cohort has

also provided a series of multiple outcomes, including notonly 8

diseases covered within the screening program by rescreening

but also other diseases (such as CVD) by following the initially

CVD-free cohort over time. Both features offer an opportunity to

assess the hypotheses: betel-quid chewing leads to higher nisk of
CVD, with or without adjustment for other confoundi ng factors.

We divided the entire normal cohort (of membeérs free of CVDat
entry to the screening program) into exposure (betel-quid
chewer) and nonexposure (nonchewer) groups and ascenained
incident CVD cases through the linkage of the entire cohon with
the health insurance data for costs claimed by local hospitals in
Keelung district. Each specific disease in these claims data was
provided by physicians with a specific International Classifica-
tion of Diseases (ICD) code when completing medical charts.
Because the KCIS program is an organized screenin g program
conducted by the Keelung City Bureau of Health, all participants
with an abnormal finding on chronic diseases will be referred to
clinics or local hospitals by public health nurses from the local
health center, which can then determine the outcome on follow-
up. Inaddition, the entire cohort was also linked with the Taiwan
National Mortality Registry to ascertain CVD or non-CVD
deaths.

Because the prevalence rate of betel-quid chewing is low
(0.88%) in Taiwanese women compared with that in men
(16.12%), we only included male subjects in our study (n =
28 344). After excluding those without records on the habit of
betel-quid chewing (n = 618), 27 726 men were included. To
enhance the validity of the examination of the prospective data
for evidence of a causal relation between betel-quid chewing and
CVD, the subjects with previously diagnosed CVD at recruit-
ment (n = 5820) were excluded from analyses. Thus, complete
datasets were available on a total of 21 906 male subjects free of
CVD (see below) at baseline recruitment between January 1999
and 31 December 2004 who were eligible for inclusion in the
present study subgroup. There were 3163 cases of hypertensive
heart discase (ICD code: 402); ischemic heart diseases (ICD
code: 410-414); cardiomyopathy (ICD code: 425); arrhythmia
(ICD code: 426-427); congestive heart failure (ICD code: 428);
cerebrovascular disease (ICD code: 430-438): coronary artery
bypass grafting; percutaneous transluminal angioplasty; dis-
eases of aneries, anterioles, and capillaries (ICD code: 440-448)
during follow-up (x + SD duration of follow-up:2.81 + 1.50 ).
The follow-up time forbetel chewers (n = 3930)and nonchewers
(n = 17976) were similar at2.72 + 1.51 yand 272 + 1.52 8
respectively (P = 0.9507).

Data collection

We used a structured questionnaire 1o interview subjects who
participated in the KCIS program, administered by trained public
health nurses or volunteer workers. The questionnaire contained
items on /) lifestyle with details of betel-quid chewing, smoking,
alcohol consumption, and physical activity, as well as the asso-
ciated frequency of consumption and duration of habits; 2) di-
etary habit on the frequency and amount consumed of meat,
vegetables, beans, fish, milk, and coffee: 3) personal and fanuly
disease history of diabetes mellitus, hypertension, CVD, and
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cerebrovascular diseasc. Data on dietary habits during the pre-
vious 6 mo were also obtained. We displayed the food modes and
standard dishes or containers of each food to assist in estimates
of portion sizes for food consumed per meal. Frequency of con-
sumption was then categorized into 5 groups: never or seldom,
1-2 umes/wk, 3—4 times/wk, 5-6 times/wk, and =7 times/wk.
The intake of meat and vegetables was recorded in days per week.
The distributions of demographic characteristics, lifestyle fac-
tors, dietary factors by current users, ex-users, and nonusers are
listed in Table 1. _

Statistical methods

Data were expressed as mean (£5SD) for continuous vanables
and percentage for categoncal vanables. The comparison of av-
erage follow-up tife between chewers or nonchewers was made
by Student’s independent 1 test.

Primary endpoints used in the current study included incident
CVD cases and death from CVD. Two survival times were there-
fore defined; time from entry to the study to death from CVD or
to the time to developing overt CVD. Univariate analyses were
first performed by using the proportional hazards regression
model to estimate the magnitude of the effect of betel-quid chew-
ing on CVD with adjustment for age and education level, which
are established factors that affect CVD and betel-quid chewing.
The multivariable proportional hazards regression model was
further applied to calculating the adjusted hazard ratio (aHR) for
betel-quid chewing after adjustment for other significant con-
founding factors identified in the univariate analyses, including
lifestyle factors and family history of diseases related to CVD. P
values for the independent variables with >2 categories, by like-
lihood ratio tests, were tested for departure from linearity or
quadratic property of trend with the use of analyses of differences
in twice log-likelihood between the 2 Cox regression models, one
with numerical values for the category of dose-response and one
without the variable of interest. P values for trends are also
reported by comparing the reduced model and the model that
included the variables of duration and quantity of betel quid.

To investigate the dose-response effect of betel-quid chewing
on the nisk of developing CVD, we classified the rate of use,
duration of consumption, and cumulative exposure of betel quid
into 4 groups, by quartiles, among chewers. Adjusting confound-
ers were the same as those used in the multivaniable regression
model mentioned above.

The proportional hazard assumption for the effect of betel quid
was checked by a calculation of complementary log-log survival
function compared with survival time. The statistical signifi-
cance of whether this assumption was violated was assessed by
the incorporation of the interaction term (ime X betel-quid
chewing) in the time-dependent proportional hazards Cox re-
gression model, with adjustment for other confounding factors.
All analyses were conducted with the standard statistical soft-
ware, SAS release 9.1 (SAS Insutute Inc, Cary, NC). Two-tailed
P values of < 0.05 were considered statistically significant.

RESULTS

The risk of developing CVD increased by 6% for each year of
increased age (Table 2). The estimated risks of developing CVD
for each of the other relevant nsk factors after adjustment for age
and educauonal attainment are also shown in Table 2. Afler
controlling for age and education level, ever chewers had a 23%

increase in the risk of developing CVD than did never chewers,
No significant association was found between physical activity,
smoking, and alcohol consumption and the occurrence of CVD.
Among dietary factors, increased use of milk was negatively
associated with CVD risk, but a significant positive association
was found for fish intake. Increases in risk were also found for the
association between family history of diabetes, hypertension,
CVD, and cerebrovascular disease and the risk of CVD in study
subjects.

The results of proportional hazards regressionmodel analysis
with adjustment for age, education, and all other variables are
shown in Table 3. After adjustment for age; education level:
occupation; smoking; alcohol consumption; intake of fish, milk,
and coffee; physical activity; and family history of diabetes,
hypertension, or CVD and cerebrovascular disease, ever chewers
still had a significantly increased risk of developing CVD of 24%
(95% CI: 11%, 39%). This increased risk was also predicted
significantly by age, education, physical activity, milk usage, and
family history of hypertension and cerebrovascular disease (Ta-
ble 3); was increased by fish usage; but was not affected by
smoking, alcohol use, or family history of diabetes or CVD (P =
0.28, 0.53, 0.42, and 0.26, respectively).

The significant dose-response relations for duration, daily us-
age rates, and cumulative exposure (years of use X daily betel-
quid usage rate) to betel-quid chewing with CVD is shown in
Figure 1. Positive dose-response relations were found for each
of these measures of betel-quid consumption (P < 0.001 ), with
the use of trend tests, after adjustment for other significant vari-
ables. Because the dose-response relation for the duration of
betel-quid chewing may look like quadratic function, a quadratic
term was included in the model. However, the result was not
statistically significant (P = 0.19). Another possibility for lead-
ing to nonlinear dose-response relation for the duration may be
due to sparse cases for the category of duration > 19.5 y:

DISCUSSION

Detnmental effects of betel-quid chewing have been reported
and include significantly increased risks of oral and liver cancers,
T2DM, and MetS (1, 5-7), but this is the first prospective study,
to the best of our knowledge, to report the linkage between
betel-quid chewing and the risk of developing CVD in a large
community-population-registry-based study. We found that be-
tel chewing conferred an increase in risk of developing CVD
even after taking into account well-recognized risk factors for
CVD, including demographics, family history of diabetes, hy-
pertension, lifestyle factors (smoking, alcohol consumption,
physical activity), and certain dietary factors. We have also found
that this nisk was dose dependent in terms of quantity, duration,
and cumulative exposure to betel-quid chewing.

Although we cannot rule out the possibility of our findings
being confounded by unknown factors not allowed for in the
study or by bias because of self-selection for recruitment into the
KCIS program, we believe that the deleterious effect of betel
chewing on CVD risk may be valid for the following reasons.
First, only subjects free of CVD at baseline were included in the
study, and dose effects for the increases in CVD risk were found
in relation to duration of betel chewing and CVD risk, supporting
the suggestion of a causal relation. Second, the finding of a series
of dose-response relations for both rate of chewing and cumula-
tive exposure to betel quid further suppont the possibility of a
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TABLE 1
Demographic characteristics of male subjects in the Keelung Community-based Integrated Screening program according 1o the habit of betel-quid chewing
Current users Ex-users Nonusers
(n = 2100) (n = 1830) (n = 17976) P for trend
Age (y) 41.37 £ 1039’ 42.27 = 10.03 48.77 £ 14.69 —
Follow-up time (y) 280 * 1.54 263+ 146 272+ 1.52
Education <0.0001
College or above 190 (9.3y° 237(13.3) 5164 (29.6)
Senior high school 951 (46.5) 851 (47.7) 5388 (30.9)
Junior high school or below 902 (44.2) 697 (39.0) 6875 (39.5) -
Missing (n) 57 45 549
Lifestyle factors
Physical activity <0.0001
Regular 146 (37.9) 506 (29.3) 3883 (23.3)
Occasional f 1222 (62.1) 1222 (70.7) 12762 (76.7) |
Missing (n) 132 102 1331
Occupation <0.0001
None or retired 643 (30.6) 595 (32.5) 7146 (39.8)
Manual 651 (31.0) 436 (23.8) 3116(17.3)
Teacher. officer holder, military 177 (8.4) 188 (10.3) 2532(14.1)
Business, professional 206 (9.8) 199 (10.9) 2112(11.7)
Service trade, other 423 (20.1) 412(22.5) 3070(17.1)
Smoking habit <0.0001
Yes 1932 (92.2) 1734 (94.9) 9360 (52.1)
No 163 (7.8) 94 (5.1) 8599 (47.9)
Missing (n) B 2 17
Smoking history <0.0001
Nonsmoker 163 (7.8) 94 (5.1) 8599 (47.9)
Ex-smoker 134 (64) 385 (21.1) 2160 (12.0)
Current smoker 1798 (85.8) 1349(73.8) 7200 (40.1)
Missing (n) 5 2 17
Alcohol consumption <0.0001
Yes 1693 (81.6) 1468 (81.1) 7370 (41.3)
No 383 (18.4) 341(18.9) 10492 (58.7)
Missing (n) 24 21 114
Alcohol history <0.0001
Nonuser 383 (18.4) 341(18.9) 10492 (58.7)
Ex-user 127 (6.1) 344 (19.0) 1097 (6.1)
Current user 1566 (?54) 1124 (62.1) 6273 {35 1)
Missing (n) 24 21 114
Family history among first-degree relatives
Diabetes 0.0002
Yes 267 (12.7) 252(13.8) 1938 (10.8)
No 1833 (87.3) 1578 (86.2) 16 038 (89.2)
Hypertension 0D.1924
Yes 317(15.1) 292(16.0) 2600 (14.5)
No 1783 (84.9) 1538 (84.0) 15 376 (85.5)
Cerebrovascular discase 0.0071
Yes 108 (5.1) 126 (6.9) B15(45)
No 1992 (94.9) 1704 (93.1) 17 161 (95.5)
Cardiovascular discase 05510
Yes 92 (4.4) 107 (5.8) 816 (4.5)
No 2008 (95.6) 1723 (94.2) 17 160 (95.5)
Dietary factors
Meat <0.0001
Never or seldom 432 (20.8) 334 (18.5) 5068 (28.5)
3-6 umes/wk 818 (39.3) T6B (42.6) 6844 (38.4)
1-2 umes/d 585 (28.1) 485 (26.9) 4303 (24.2)
>3 times/d 246 (11.8) 216(12.0) 1590 (8.9)
Missing (n) 19 27 171
Vegetables <0.0001
Never or seldom T8(3.7) (19 M0,
172 bowl/d 566 (27.2) 447(24.7) 3400 (19.0)
| bowl/d 551 (26.4) 545 (30.2) 4752 (26.6)
2 bowls/d 484 (23.2) 453 (25.1) 4837 (27.1)
>3 bowls/d 405 (19.4) 328(18.2) 4522(25.3)
Missing (n) 16 23 125
{Conninued)
/
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TABLE 1 (Continued)

N Current users Ex-users Nonusers
(n = 2100) (n = 1830) (= = 17976) P for rend
?ans 00117
Never or seldom 533 (25.7) 382(21.3) 4786 (26.9)
1-2 times/wk 111(54) 129(7.2) 1032 (5.8)
3-4 umes/wk 749 (36.1) 655 (36.5) 6421 (36.1)
5-6 times/wk 313(15.1) 307(17.1) 2363(13.3)
=7 umes/wk 366 (17.7) 320(17.8) 3185(17.9)
Missing (n) - 28 37 189 -
Fish - 04914
Never or seldom 363(17.5) 264 (14.7) 3116(17.5)
1-2 times/wk 98 (4.7) 128 (7.1) 897(5.0)
34 times/wk 722 (34.8) 601 (33.4) 5965 (33.6)
5-6 times/wk ] 326 (15.7) 303(16.9) 2455(13.8) i
>7 times/wk 565(27.2) 501 (21.9) 5340 (30.0)
Missing (n) 26 i3 203
Milk 0.0008
Never or seldom 923 (44.6) 663 (37.0) 6798 (38.3)
1-2 umes/wk 55(2.Mm 76(4.2) 776 (4.4)
3-4 times/wk 328 (15.8) 312(17.4) 3259(18.4)
5-6 umes/wk 246(11.9) 259 (14.5) 1957 (11.0)
=7 imes/wk 519(25.1) 481 (26.9) 4969 (28.0)
Missing (n) 29 39 217
Coffee 0.9774
Never or seldom 772 (47.0) 642 (46.4) 6620 (49.1)
1-2 times/wk 129(7.9) 128 (9.2) 907 (6.7)
3-4 times/wk 217(13.2) 220(15.9) 1659 (12.3)
5-6 umes/wk 173 (10.5) 133 (9.6) 1260 (9.3)
=7 umes/wk 351(21.4) 262(18.9) 3058 (22.6)
458 445 4463

Missing (n)

'% + SD (all such values).
“n; percentage in parentheses (all such values).

causal link between betel chewing and CVD risk. Third, because
these findings were made after controlling for most of the estab-
lished risk factors associated with CVD risk with multivariable
regression analysis, we believe betel-quid chewing is likely to
prove to be an independent risk factor for CVD.

The underlying biological mechamsms for the link between
betel chewing and CVD may be multiple. Betel-quid compo-
nents may, by increasing the concentrations of the biochemical
variables that are related to MetS, increase inflammatory bio-
markers associated with CVD such as MMP9Y. This postulate is
supported by 2 different types of study: first, the sigmficant
dose-related association between betel-quid usage and the fea-
tures of the MetS, as shown in our earlier study on the KCIS
cohort (7) and also by the elevated circulating concentrations of
inflammatory biomarkers, such as MMP9 and C-reactive pro-
tein, reported in betel chewers (13). Increases in CVD risk could
also be accounted for by reductions in y-aminobutyric acid re-
ceptor activity because specific arecal alkaloids, such as areco-
line, are y-aminobutyric acid receptor antagonists (15) or by
other less well-characterized metabolic effects.

The current results were different from those of the study of
Wen et al (18) which reported that betel-quid chewing was not
associated with cardiovascular mortality. The evaluated end-
point used for the association in the study of Wen et al (18) was
based on montality from CVD (ICD code: 390-459), whereas
ours are evaluated on the basis of incident CVD cases as well as
CVD deaths, which may account for the disparity between our
positive findings and their nonsignificant results.

g

0

Our results show that fish intake 1s positively associated with
an increased incidence of CVD (aHR: 1.03; 95% CI: 1.01, 1.05)
(Table 3), which 1s a discrepancy from the inverse association
reported in most cohort studies (19, 20). The probable reason is
that the style of fish dishes eaten in the Keelung population
usually has a high salt content that may increase the risk of CVD.
The second possibility is that study subjects were limited to men
because one study reported a significantly reduced risk in cardiac
mortality and events only in women and not in men (21).

There were several concerns in the current study. Firsy, it is
unsure whether any nonresponse bias exists. Because informa-
tion on betel quid and other risk factors in association with CVD
was not available for nonparticipants, we cannot compare the
distributions of these correlates between the 2 groups. However,
our prevalence rate of betel-quid chewing (18%) was close to the
corresponding figures (19%) reported in a previous nationwide
survey (18), making nonresponse bias unlikely. The data used in
the current subsidiary analysis about the assessment of our spe-
cific hypothesis were derived from a population-registry- and
community-based integrated screening program rather than a
specific study tailored for examining our hypothesis at the be-
ginning of the screening program. Accordingly, because neither
the invited participants nor the principal investigator and the data
collector were aware of the hypothesis at baseline, we believe
selection into the screening program was not biased for exposure
10 betel quid or for occurrence of CVD. Indeed, our study is
similar in this respect to the Framingham Heart Study that tar-
geted the association between cholesterol and coronary hean

T
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TABLE 2

Adjusted hazard ratios (aHRs) for significant risk factors for cardiovascular disease (CVD) identified with proportional hazards regression models adjusted _
by age and education level in men (Keelung Community-based Integrated Screening program, 1999 -2004)
s .———————_____________________.__________________ N =
CvD Total cases
(n = 3163) (n = 21 906) aHR 95% C1 P
S o T

Age (y)' 5835 + 13,117 47.52 + 1425 1.06 1.05, 1.06 <0001 T
Follow-up time (y) 163 + 126 272+ 152
Education’ 0.0133
College or above 478(85)" 5591 1.00
Senior high school 673 (9.4) 7190 0.90 0.80, 1.01 00841 T
Junior high school or below 1860 (21.9) 8474 1.04 093,116 05142 T
Missing (n) 152 651 N/A
P for trend 0.1828
Beiel-quid chewing habit -
Yes 426 (10.8) 3930 1.23 111,137 0.0002
No 2737(15.2) 17976 100 d
Betel-quid chewing history 0.0030
Nonchewer 2737(15.2) 17976 1.00 -
Ex-chewer 211(11.5) 1830 133 1.15, 1.54 0.0001
Current chewer 215(10.2) 2100 115 099,133 0.0611
P for trend 0.0035
Lifestyle factors -—
Physical activity z
Regular 486 (9.5) 5135 0.9 0.87.1.05 031ss | 2
Occasional 2264 (14.9) 15206 1.00 3
Missing (n) 413 1565 N/A ‘_rﬁ
Occupation 0.0218 3
None or retired 1606 (19.2) 8384 1.00 E
Manual 615(14.6) 4203 1.15 1.04,127 0.0067 §
Teacher, officer holder, military 318(11.0) 2897 116 1.02,1.33 0.0270 3
Business, professional 313(1249) 2517 0.99 0.87,1.13 0.8778 ]
Service trade, other 311(8.0) 3905 1.06 094,121 0.3474 1
Smoking habit é
Yes 1879 (14.4) 13026 1.00 093, 1.08 0.9462 o
No 1282 (14.5) 8856 1.00 -
Missing (n) 2 24 N/A
Smoking history 04735 5
Ex-smoker 439 (16.4) 2679 1.06 0.95,1.18 3
Current smoker 1440 (13.9) 10 347 0.99 091, 1.06 —_
Nonsmoker 1282 (14.5) 8856 1.00
Missing (n) 2 249 N/A .
P for wrend 10000
Alcohol consumption -
Yes 1486 (14.1) 10 531 1.06 0.99,1.13 0.1234 3
No 1667 (14.9) 11216 1.00
Missing (n) 10 159 N/A
Alcohol history 0.4287
Ei: ks 262 (16.7) 1568 1.12 0.98, 1.27
Current user 1224 (13.7) 8963 1.04 097,.1.12
Noduser 1667 (14.9) 11216 1.00
Missing () oo 159 N/A
P for trend 0.8162 ‘
Family history among fi irst-degree relatives
Diabetes
Yes 272(11.1) 2457 1.15 101,131 0.0319
No 2891 (14.9) 19 449 1.00 -
Hypertension
Yes 405 (12.6) 3200 1.30 1.17,1.45 <0.0001
No 2758 (14 8) 18697 1.00
Cerebrovascular disease —_
Yes 140(13.3) 1049 1.37 115, 1.62 0.0003
No 3023(14.5) 20857 1.00
Cardiovascular disease
Yes 118(11.6) 1015 1.2 1.02, 147 0.0343
No 3045 (14.6) 2089]

1.00
ﬁ
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TABLE 2 (Continued)

CVD Total cases
(n = 3163) (n =21 906) aHR 95% Cl P
Dictary factors®
Meat 098 094, 1.01 0.2035
Beans 1.00 0.97.1.02 0.1736
Vegetables 1.00 0.99, 1.06 0.1642
Fish 1.03 1.01, 1.06 0.0081
Milk 0.98 0.96, 1.00 0.0342
Coffee 0.97 D.95, 1.00 0.0546

" Models with adjustment for age and education level by each other
* ¥ + SD (all such values).
' n; percentage in parentheses (all such values).

‘ Taken as ordinary variables in the regression model. Intake of meat w
times/d." Intakes of beans, fish, milk, and coffee were categonized as “never or
i

disease at the beginning of the study, but then generated a number
of publications reporting interests not prespecified. Thus. the
present report is considered to be based on a prospective cohort
study.

Second, whether the current findings can be generalized to
Keelung or to Taiwan as a whole is equivocal. The present study
collected data through a community- and population-registry-
based integrated screening program in which attendees were
invited and sampled through the population registry since 1999.

as categorized as “never or seldom,” *3-6 tmes/wk." “1-2 times/d,” and >3
seldom,” *1-2 umes/wk,”“3-4 umes/wk,” *S—6 times/wk,” and “=7 times/wk "

i

Because the whole of the eligible population would not be ex-
pected to be covered until 2006, the sampling scheme was not
like the conventional sampling method for survey or for testing
a specific hypothesis. Instead, the residents were sampled and
invited area by area according to the organization and feasibility
of the screening program. Because our samples were not ob-
tained through probability-based samples such as simple-,
cluster-, or stratified-random sampling, the result about the as-
sociation between betel quid and occurrence of CVD may not be

TABLE 3
Adjusted hazard ratos (aHRs) for significant (independent) risk factors for cardiovascular disease in men identified with the proportional hazards
regression model (Keelung Community-based Integrated Screening program, 1999-2004), including all significant risk factors identified’

aHR 95% C1 P

Age (y) 1.06 1057, 1.064 <0.0001
Education 0.0018

College or above 1.00

Senior high school 0.83 0.74.093 0.0014

Junior high school or below 0.96 0.86, 1.06 0.3989

P for trend 03144
Betel-quid chewing’

Yes compared with no 1.24 111,139 0.0002

Use rate (pieces/d) 1.009 1.004, 1.014 0.0007
Physical activity, regular compared with occasional 0.90 0.83,0.96 0.0025
Occupation 0.1088

None or retired 1.00

Musmiad 111 1.01,1.23 0.0386

Teacher, officer holder, military 1.08 095,124 02364

Business, professional 0.95 0.83, 1.08 0.3961

Service trade, other 1.04 091, 1.18 0.5575
Smoking habit, yes compared with no 096 0.89, 1.04 02813
Alcohol consumption, yes compared with no 1.02 095, 1.11 0.5303
Dietary factors”

Fish 1.03 1.01, 1.05 0.0125

Milk 097 095,099 0.0117

Coffee 099 0.96, 1.01 0.3059
Family history among first-degree relatives

Diabetes mellitus (yes compared with no) 1.06 093,120 0.4234

Hypenension (yes compared with no) 125 1.12, 1.40 0.0001

Cerebrovascular disease (yes compared with no) 1.30 1.10, 1.55 0.0026

Cardiovascular disease (yes compared with no) 112 092,1.35 0.2565

! See Table 2.

* The effect of betel-quid chewing in this mode| was expressed in 2 ways with separate models. aHRs for other confounding factors used the model that
included betel-quid chewing or not

" Taken as ordinary vanables in the regression model Intakes of fish, milk, and coffec were categonized as “never or seldom,” **]-2 tmes/wk.” “3-4
umes/wk,” “5-6 times/wk,” and =7 umes/wk "
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FIGURE 1. The dose-response effect of betel-quid chewing on the risk of
developing cardiovascular disease in men (Keelung Community-based In-
tegrated Screening program, 1999-2004) by the rate of use, by duration, and
by cumulative exposure. The confounders adjusted for in the models included
ape; education level; physical activity; smoking habit; alcohol consumption;
dietary intakes of fish, milk, and coffee; and family history of hy periension,
cerebrovascular disease, and cardiovascular disease in first-degree relatives
The horizontal line in the box represents the point estimate of adjusted hazard
ratio with lower and upper borders corresponding to the lower and upper
boundaries of the 95% C1.

applied to the underlying population in Keelung or Taiwan.
However, 3 reasons may still render our result generalizable to
other populations in Taiwan. First, our prevalence rate for betel
chewing (18%) was close 1o the corresponding figure (19%)
reported in a previous nationwide survey. This enhances the
comparability between our study population and the nationwide
population in Taiwan. Second, because the attendees, the pro-
gram director, and the data collector were not aware of this
particular test hypothesis, the results on the correlation between
betel-quid chewing and occurrence of CVD are likely to be un-
biased. Third, because the coverage rate of the study population
had reached 30% of men of the underlying population, a large
number of study subjects (n = 28 344) may be representative of
the underlying population in Keelung city. However, external
validity in the current study should be warranted in future study.

The third concern was whether dropouts affected the results of
the current study. Because the incident cases were ascertained
through the linkage of our cohort with the health insurance claims
data, dropouts were only caused by nonclaimed subjects attrib-
uted to other causes of deaths, claimed data outside Keelung city,
or moving abroad. However, the chance for the latter 2 situations
1s low (see below). The number of dropouts because of other
causes of death was 43 for betel-quid chewers and 352 for
nonchewers. We compared the rates of non-CVD death (aHR:
1.28; 95% C1: 0.91, 1.81) and all-cause death (aHR: 1.28: 95%
Cl1: 0.93, 1.77) between the 2 groups, and there was no signifi-
cance in the differences between the 2 groups in either compar-
ison. Dropouts seem, therefore, unlikely to substantially affect
the major results.

Fourth, we used the status of betel-quid chewing at baseline as
the measurement of the main interest. It can be argued that the
habit of betel-quid chewing could change over time. Such a
secular trend has not been measured in the current study. None-
theless, because the habit of chewing betel quid in terms of daily
consumption is unlikely to have a substantial change in Taiwan-
ese men unless a specific intervention program has been intro-
duced for current chewers at enrollment, the lack of such infor-
mation may not affect the main results.

Finally, the outcome of CVD occurrence is through the linkage
of the entire cohort with the health insurance data for costs
claimed by local hospitals in Keelung district. Because the KCIS
program is an organized screening program conducted by the
Keelung City Bureau of Health, all participants with an abnormal
finding related to any of the chronic diseases or cancer will be
systematically referredto local clinics or Jocal hospitals by public
health nurses. The chance that the KCIS participants would seck
medical service outside of the Keelung district is low. In addition,
2 external circumstances may also lower this likelihood. The first
is that health insurance has imposed copayment on the insured if
he or she goes for medical care outside the assigned local medical
institution. This financial barrier reduces the possibility of seek-
ing medical care for CVD outside Keelung city. In addition, the
entire cohort was also linked with Taiwan National Mortality
Registry so as 1o ensure the ascertainment of deaths from CVD or
non-CVD deaths. These circumstances reduce the bias caused by
dropouts as mentioned above. Nevertheless, bias caused by loss
to follow-up because of participant moving abroad or to other
arcas in Taiwan cannot be fully ruled out, although the effect may
be minor.

In conclusion, we have found, with the use of a prospective
community- and population-registry- based cohon study, that
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the common habit of chewing betel nut (Areca catechu) has
independent dose effects to predict increases in the risk of CVD
in men. These findings may reflect the significant dose-related
increases in MetS previously reported in association with the
betel habit or other, as yet unidentified, disorders related to betel
chewing.
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Abstract

Betel nut chewing is associated with oral cancers and diabetes. This study investigated whether betel nut chewing
could be associated with hypertension in Taiwanese patients with type 2 diabetes mellitus (T2DM). The data of a total
of 81,226 (37,226 men and 44,000 women) patients with T2DM obtained from a cross-sectional telephone survey in a
national sample of diabetic patients in Taiwan were analyzed. Hypertension was defined by a positive history or
reported systolic blood pressure>or=140 mmHg and/or diastolic blood pressure>or=90 mmHg. Analyses were
performed in separate sexes with consideration paid to the potential confounding effects of age, diabetic duration,
body mass index and smoking. The prevalences of betel nut chewing in men and women were 20.4% and 1.1%,
respectively. Betel nut chewing was more common in the younger age groups of the male sex. The multivariate-
adjusted odds ratios for hypertension in chewers vs. non-chewers were 1.067 (1.007-1.131) and 1.897 (1 .534-2 348)
for men and women, respectively. In multiple linear regression, although no adjustment was made for the use of
antihypertensive agents, betel nut chewing was significantly associated with blood pressure, with regression
coefficients of 0.958+/-0.163 (SEM) for systolic and 0.441+/-0.108 for diastolic blood pressure in men: and the
respective values for women were 1.805+/-0.618 and 1.198+/-0.393. In conclusion, betel nut chewing was
significantly associated with hypertension in Taiwanese patients with T2DM and the association was stronger in

women.
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Background. This study investigated the association between betel nut chewing and subclinical ischemic heart disease (IHD) in
Taiwanese type 2 diabetic patients. Methods. A total of 394 male patients aging >45 years and without previous heart disease
were studied. Among them 349 had no habit of chewing betel nut and 45 possessed the habit for >5 years. Subclinical IHD
was diagnosed by a Minnesota-coded resting electrocardiogram and was present in 71 cases. Statistical analyses were performed
considering confounding effects of age, diabetic duration, smoking, body mass index, blood pressure, dyslipidemia, and metabolic
control status. Results. Betel nut chewers were younger and had higher prevalence of smoking (86.7% versus 60.5%), higher body
mass index, poorer glycemic control, and higher prevalence of subclinical IHD (28.9% versus 16.6%). Patients with subclinical

divided by the median age of 63 years were similar: 4.724 (1.346-16.581) and 4.666 (1.278-17.028), respectively. Conclusions. Betel
nut chewing 1s significantly associated with increased risk of subclinical THD.

1. Introduction

Areca nut is the seed of the palm tree Areca catechu, which
is the fourth most commonly used psychoactive substance,
after caffeine, nicotine, and alcohol [1]. Because areca nut
is always consumed with the leaf of Piper betle, chewing of
areca nut has always been referred to as “betel nut chewing”
in the English literature [2]. There is an estimated 600 million
people chewing betel nut worldwide [3]. It is a common habit
and is a2 means of social interaction in Asia, particularly the
South Pacific islands, Southeast Asia, Papua New Guinea,
Bangladesh, Pakistan, and India [1-4]. Chewing of betel nut
was forbidden in Taiwan during the Japanese reign more
than 60 years ago [4]. But this habit has become popular
in Taiwan during the past two to three decades, and it has
been estimated that about 2.4 millions, or 11.4%, of the
total population are chewing betel nut [5]. The chewing
population in Taiwan keeps on increasing, especially in the
male sex of the younger generation [6, 7]. In Taiwan, unripe

areca nut 1s commonly chewed with a mixture of lime and
the leaf or flower of the Piper betle, but without tobacco [4].

Betel nut chewing has been linked to a variety of health
problems including oral lesions of leukoplakia, submucosal
fibrosis, squamous cell carcinoma and periodontal disease
[8, 9], albuminuria in diabetic patients [10], disruption
of gastric mucosal barriers [11], aggravation of asthma
[12], induction of extrapyramidal syndrome [13], milk-
alkali syndrome (in a case report) [14], induction of uterine
cervical dysplasia [15], cancers of the esophagus [16] and
liver [17], and low birth weight of babies born to mothers
chewing betel nut [18]. In more recent population-based
studies in Taiwan, betel nut chewing is also associated with
a higher risk of type 2 diabetes mellitus (T2DM) [19],
hypertension [20], and total and cerebrovascular deaths [21].

Studies on the cardiovascular effects of betel nut chewing
are rare. Hemodynamic changes have been observed during
betel nut chewing [7]. However, whether the prolonged
chewing of betel nut could exert an effect on the heart



has not been previously studied. Therefore, the purpose of
this study was to evaluate whether betel nut chewing could
be associated with the prevalence of subclinical IHD in a
subgroup of patients with T2DM recruited as a long-term
follow-up cohort in Taiwan.

2. Methods

2.1. Study Subjects. The study was approved by an ethics
committee of the Deparument of Health, Taiwan, and the
subjects voluntarily participated in the study. More than 96%
of the population of Taiwan is covered by a compulsory
National Health Insurance program. A total of 256,036
patients using this health ij)surance program were assembled
from 1995 to 1998 |22-24]. Baseline data was collected by
questionnaires on the onset symptoms and confirmation of
diabetic diagnosis from 93,484 patients of the original cohort
[22-24]. At random, 4,164 patients were selected from the
main cluster of 93,484 patients and invited to participate in a
health examination. A total of 1,441 patients participated in
the health examination from March 1998 to September 2002.
After excluding 21 patients with type 1 diabetes mellitus
(T1DM), there were a total of 1420 patients diagnosed as
T2DM. The patients with T2DM did not show a history
of diabetic ketoacidosis at the onset of diabetes and were
being treated with either oral antidiabetic drugs or insulin at
the time of recruitment. For those under insulin treatment,
none received such treatment within one year of diagnosis of
diabetes mellitus.

Patients with TIDM were excluded because of the small
number of cases who might also have different pathogenesis
of IHD. Women with T2DM were further excluded because
the habit of betel nut chewing is very uncommon in women
in Taiwan [6, 7, 25]. Taking into account the possible
requirement of prolonged chewing for the manifestations
of clinical outcomes, this study recruited only adult male
patients aging >45 years, and chewers must be current
chewers and have retained the habit for >5 years at the
time of recruitment. Patients with a clinical history of heart
disease including angina pectoris, myocardial infarction,
congestive heart failure or under treatment for such were
also excluded because of the impossibility to clarify the
correctness of temporality between cause and effects and
because of the potential confounding effect caused by
treatments. As a result, a total of 394 men with T2DM were
included in this study. They were divided into two groups:
one with no habit of chewing betel nut and the other should
have persistently chewed betel nut for more than 5 years at
the time of recruitment.

2.2. Diagnoss of Subclinical Ischemic Heart Disease. Resting
electrocardiogram was performed in each subject, and the
Minnesota codes were used 1o code the electrocardiograms.
The coder was blind to the history or the biochemical data
of the subjects. Subclinical IHD was defined by Minnesota
codes of coronary probable (1.1, 1.2, 7.1) and coronary
possible (1.3, 4.1-4.3, 5.1-5.3) [ 26].

2.3. Measurements of Blood Biochemistry and Other Covari-
ates. Blood samples were collected in the early morning after
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fasting for at least 12 hours. Fasting plasma glucose (FPG),
serum total cholesterol (TC), and triglyceride (TG) were
measured by an automatic biochemistry analyzer (Cobas
Mira §, Roche Diagnostica, Basel, Switzerland) with reagents
obtained from Randox Laboratories Lid. (Antrium, UK)
[27].

The patients’ age, duration of diabetes, body mass index
(BMI), smoking status, and systolic (SBP) and diastolic
blood pressure (DBP) were recorded or measured. Duration
of diabetes was defined as the time period in vears between
the time being recruited into the study and the time diabetes
was diagnosed. Blood pressure was measured on the right
arm after 20 minutes rest in a sitting position with a
mercury sphygmomanometer by the auscultatory method.
Body height (in centimeters) was measured by having the
subjects stand with their heals, buttocks, and heads against
a wall. A flat object was placed on top of the subjects’ head,
and their height was marked on a tape measure affixed 1o
the wall. Body weight was measured in kilograms with a
standard portable scale. Body height and body weight were
measured with the patient wearing light clothes and without
socks and shoes. BMI was calculated as body weight in
kilograms divided by the square of the body height in meters.
Hypertension was defined by a positive history with the use
of antihypertensive agents or by SBP > 140 mmHg and/or
DBP > 90 mmHg,. Dyslipidemia was diagnosed by the use of
lipid-lowering agents and/or a TC level > 200 mg/dL and/or
TG > 150 mg/dL.

2.4. Statistical Analyses. Data were expressed as mean (SD)
or percentage. A P < .05 was considered statistically
significant, while .05 < P < .1 was borderline significant. Age
was divided into two groups by the median and the preva-
lences of subclinical IHD between chewers and nonchewers
were compared by Chi-square test in the respective age
groups. The baseline characteristics between chewers and
nonchewers and between patients with subclinical THD and
those without subclinical IHD were compared by Student’s
t-test for continuous variables and by Chi-square test for
categorical variables. Logistic regression models estimating
the odds ratios for subclinical IHD were created for all
patients and for patients in the respective two age groups
divided by the median of age. These regression models
were generated in the following 3 ways: (1) unadjusted; (2)
adjusted for variables found to be different between chewers
and non-chewers, or between patients with and without
subclinical THD with P values < .1; (3) adjusted for all
potential covariates (i.e., age, diabetic duration, body mass
index, smoking, hypertension, dyslipidemia, FPG, SBP, DBP,
TC, and TG).

3. Results

Figure 1 shows the prevalences of subclinical IHD in chewers
and non-chewers in the respective age groups divided by the
median of 63 years old. The prevalences of subclinical IHD
differed sigmificantly between chewers and non-chewers in
either the younger or the older age groups (P < 05).
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TasLe 1: Comparisons between patients chewing and not chewing betel nut and having and not having subclinical ischemic heart disease

(IHD).
Betel nut chewing Subclinical IHD
No Yes No__ o Yes

n 349 45 323 71

Age, years 639 (9.3) 56.3 (8.6)*" 62.0 (9.4) 67.6(9.1)*"
Diabetic duration, years 104 (7.6) 10.3 (8.8) 10.4 (7.6) 10.7 (8.5)
Body mass index, kg/m’ 245 (3.0) 25.9(3.7)** 24.6(3.2) 24.8 (2.9)
Smoking, % 60.5 86.7°" 63.2 54_.3
Fasting plasma glucose, mg/dL 159.4 {57.3) 178.6 (74.8)* 162.2{56.5) 159.1(72.9)
Hypertension, % 52.4 60.0 523 57.8
Systolic blood pressure, mml?g 132.8 (15.8) 131.9{15.1)/ 132.1(15.4) 135.2 (‘l 7.5)
Diastolic blood pressure, mmHg 83.2 (8.8) 84.8 (7.0) 83.4(8.4) 83.1(9.6)
Dyslipidemia, % 56.0 68.9 56.5 62.0
Total cholesterol, mg/dl. 199.8 (45.9) 196.9 (38.2) 199.1 (45.1) 201.3 (44.9)
Triglyceride, mg/dL 168.7 (193.3) 180.0 (83.1) 168.9 (196.2) 174.9 (114.6)
Ischemic heart disease, % 16.6 28.97 -—_ ==
Betel nut chewing, % — — 99 18.0"

"P< 05 *"P<.0L

50

40 -

Subchinical THD (%)

7

<63 =263

Median of age (years)

Ficure 1: Prevalence of subdinical ischemic heart disease (IHD)
between betel nut chewers (shaded column) and non-chewers
(black column) by median of age (P < .05 for each subgroup of

age).

Table 1 compares the baseline characteristics between
chewers and nonchewers and between patients with and
without subclinical IHD. Chewers were significantly younger
in age, more prevalent in smoking and subclinical IHD, and
had higher BMI and poorer glycemic control. Patients with
subclinical ITHD were significantly older and more prevalent
in betel nut chewing.

Table 2 shows the odds ratios for subclinical IHD.
Chewers consistently showed a significantly higher risk of
subclinical IHD in either the older or the younger age group
in ail of the models.

4. Discussion

The findings of this study clearly demonstrated a higher risk
of subclinical THD in T2DM patients without a previous
history of heart disease (Tables 1 and 2; Figure 1). This
association was independent of traditional risk factors, and
could be demonstrated in either the younger or the older

/$9
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patients (Figure 1; Table 2). To the best of our knowledge,
this was the first study demonstrating a link between betel
nut chewing and subclinical ITHD. The association was
consistent, and the magnitude of the odds ratios was large.
Although the real pathogenetic mechanism(s) remains
unknown, some of the biological effects associated with the
ingredients of areca nut or the compounds formed during
chewing might explain some of the possibilities. The com-
mon preparations of the betel nut quid in Taiwan consist of
three major components: the nut of Areca catechu, quicklime,
and the leaf or the flower of Piper betle [4]. Areca nut contains
arecoline which has a cholinergic action at the muscarinic
and nicotinic receptors [28]. This cholinergic action on the
central nervous system could possibly produce the cortical
arousal and alertness which is always claimed as one of the
merits experienced by the betel nut chewers. On the other
hand, arecoline might stimulate the hypothalamic-pituitary-
adrenal axis through a centrally mediated corticotrophin-
releasing hormone-dependent mechanism in rats [29]. In the
presence of lime, arecoline is hydrolyzed to arecaidine, which
Jacks the parasympathomimetic effects of arecoline [4] and
exerts sympathetic eftect by inhibition of y-aminobutyric
acid (GABA) uptake [30]. However, a later study suggested
that arecaidine may not cross the blood-brain barrier and
the central effects may involve transmitters other than GABA
[31]. The aromatic substances (c.g., eugenol, isoeugenol,
and hydroxychavicol) in the flower or leaf of Piper betle
can stimulate the release of catecholamines from chromaftin
cells in vitro [32], and circulating norepinephrine and
epinephrine levels are elevated following betel nut chewing
[33]. However, these sympathomimetic effects of arecoline
might be mediated by central cholinergic mechanisms [34].
Therefore, both areca nut and Piper betle flower may exert
sympathomimetic effects. Whether these sympathomimetic
effects may be responsible for the subclinical IHD observed
in the present study awaits further investigations. Reactive

3
[
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TasLe 2: Odds ratios for subclinical ischemic heart disease comparing chewers versus nonchewers of betel nut.
o Odds ratio (95% confidence interval)

<63 years old >63 years old All ages

Unadjusted 2.982 (1.087-8.182)* 3.267 (1.004-10.629)" 2.038 (1.008-4.118)"
Adjusted for age, BMI, 4.153 (1.280-13.471)* 4.183 (1.170-14.955) 4.269 (1.837-9.920)"*
smoking, and FPG
Adjusted for all covariates
(age, diabetic duration, - %
BMI, smoking, 4.724 (1346-16.581)" 4.666 (1.278-17.028)" 4.640 (1.958-10.999)"*
hypertension,

dyslipidemia, FPG, SBP,
DBP, TC, and TG)

"P< .05 *tpP<OL Y

oxygen species and N-nitroso compounds can also be
formed in the oral cavity during chewing of betel nut [35,
36]. In vitro studies also demonstrated that betel nut compo-
nents increased the release of inflammatory mediators such
as prostanoids, interleukin-6, and tumor necrosis factor-a
[37, 38]. The production of these chemical agents has
always been regarded as the mediators of carcinogenicity and
diabetogenicity associated with betel nut chewing. Whether
they can also be responsible for a hemodynamic or structural
change in the coronary vascular system leading to subclinical
IHD is an issue worthy of further investigation.

Some limitations deserve mentioning. This study was
conducted in the diabetic patients, and it is not known
whether similar effects can be extended to the general pop-
ulation without diabetes. Future studies should be aimed at a
dose-response relationship and taking the duration of betel
nut chewing into consideration. Longitudinal prospective
studies are required to clarify the cause/effect relationship
between betel nut chewing and subclinical IHD,.

In conclusions, betel nut chewing in Taiwanese patients
with T2DM is associated with subclinical IHD. While the
chewing of betel nut is decreasing in some countries like
Thailand [39], the prevalence keeps on increasing in Taiwan,
especially in the younger generation. It is urgent for policy
makers to implement programs of health education to the
younger generation to curb the increasing prevalence of betel
nut chewing and its associated health problems.
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ARECA NUT SYMPOSIUM
Neurological aspects of areca and betel chewing

NAI-SHIN CHU /

Department of Neurology, Chang Gung University College of Medicine, Taipei, Taizvan

Abstract

Betel quid chewing has been claimed to produce a sense of well-being, euphoria, warm sensation of the body,
sweating, salivation, palpitation, heightened alertness and increased capacity 1o work. These effects suggest that

The effects of betel quid chewing appeared 1o be habitrelated and dose-dependent. A lthough arecoline has been

thought to be responsible for several effects of betel quid chewing,

sympathetic acnvation,

Introduction
The use of betel nut masticatory has been
widespread in Southeast Asia and the South
Pacific islands, and highly valued for its psy-
choactive properties in reducing tension, produc-
ing euphoria or a sense of well-being, Increasing
the capacity to work and providing the means of
social interactions and rituals.'-2

The claimed effects of betel quid chewing are
euphoria, a sense of well-being, palpitation,
salivation, diaphoresis, heightened alertness,
warm sensation of the body, combat against

the present data suggest a role also played by

hunger and increased stamina '3 Arecoline, the
major alkaloid of the areca nut, has been thought
to be responsible for several of the claimed
effects.* ® Arecoline is one of the naturally
occurring alkaloids, with parasympathomimetic
properties acting on both muscarinic and nico-
tnic receptors.>® Arecoline induces an arousa]
response in animals and g mdimaccclcrswty
response in humans. ™' However, there are other
alkaloids in areca nut, i.c. arecaidine and guva-
cine, which are GABA uptake inhibitors, '213
Phenolic compounds in the piper betle flower or
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leaf are stimulators to release catecholamines
from chromaffin cells in vipo.'*

Despite some regional variations, betel quid
preparations consist of the nut of the palm tree
Areca catechu, quicklime and some type of psy-
choactive leaf of the plants."* Undoubtedly,
chewing of betel quid causes different reactions
and interactions before those active compounds
are absorbed into the circulation.'® Arecoline in
the presence of lime is converted into arecai-
dine, which lacks typical parasympatheuc prop-
eruies, and the amount of arecoline entering the
circulation may not be sufficient to kexert chol-
inergic and other actions. Therefore, interpreta-
tion of experimental data are difficult unless
these data are obtained from humans and active
compounds in the blood or the brain are deter-
mined. Despite the antiquity and popularity of
betel chewing, its claimed effects have not been
investigated systemaucally in humans. This
paper will address the psychoneurological
aspects of betel quid chewing from our human
studies, and  hopefully warrants further
research.

Neurological aspects of betel chewing

The following studies were carried in normal
healthy subjects. The betel quid used was the
most popular one in Taiwan, which consists of
fresh nut of A. catechu (areca nut), piper betle
flower and slacked lime paste, which contains a
Chinese herb (Acacia catechu) 1o promote the
flavour. Controls were usually those who chewed
areca nut only and those who chewed fruin-
flavoured chewing gum. Study subjects were
habitual users, but in some studies might include
fresh chewers and occasional chewers.

Cardiovascular response

All three groups of habitual, occasional and fresh
chewers showed an increase in heart rate follow-
ing betel quid chewing.'® The onset was within 2
minutes after chewing, peak effect was reached
within 4-6 minutes and the effect lasted for an
average of 16.8 minutes. The mean increase in
heart rate was 13.3beats/min for habitual users,
16.2beats/min  for occasional wusers, and
17.0 beat/min for fresh users, suggesting toler-
ance or habimation for chronic users. On the
other hand, blood pressure was significantly
clevated only for the fresh chewers.

Hetghtened alertness

To investigate the claims that betel quid chewing
increases alertness and improves motor respon-
ses, simple and choice reaction umes (SKT and
CRT) were studied in habitual users.'” Control
consisted of chewing gum and practice groups.
In the SKT task, reaction times were not differ-
ent among the three groups. In the CRT 1ask,
the betel quid and chewing gum groups showed
a significant shortening of reaction time, but the
betel quid group had a higher degree of statis-
ucal significance (p<0.0001 vsi p=0.03709).
The data suggest that shortening of CRT from
betel quid chewing is probably due partly to
chewing itself and partly to a cholinergic arousal
mechanism.

EEG activity of 52 betel quid users was studied
by spectral analysis and topographic mapping
before and during betel quid chewing.'® Betel
quid chewing increased both alpha and beta
activities but decreased theta acuwity. These
effects were most prominent for beta rhythms.
Topographic mapping revealed that altered
rhythms were restricted to the occipital areas for
alpha and widespread for both beta and theta.
The darta suggest that betel quid chewing causes
EEG changes associated with a state of arousal
and, to a lesser degree, a state of relaxation.

Body temperature effec

Because betel quid chewing produces sweating,
facial flush and a warm sensation of the body,
skin temperature was recorded before and dunng
betel quid chewing in habitual chewers.'® Betel
quid chewing caused an increasc in skin tem-
perature from 0.5 to 2.0°C, and this hyper-
thermic response was abolished by atropine and
partially inhibited by propranolol. The data sug-
gest that both parasympathetdc and sympathetic
mechanisms are involved in the skin thermal
response to betel chewing.

In a preliminary study using caroud Doppler
to measure blood flow of the carotid system plus
measurements of blood pressure and heart rate
in habirual, occasional and fresh chewers, blood
flow was significantly increased during betel
quid chewing only in the external and common
caroud arteries. This flow increase was asso-
ciated with facial flush sensation. Heart rate was
prominently increased, especially in fresh and
occasional chewers, and associated with
palpitaton.
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Autonomic funcrions
To investigate further the involvement of the
autonomic nervous system on the effects of betel
chewing, two autonomic function tests were
studied before and during betel quid chew-
ing.*>?' One was the sympathetic skin response
(SSR) which is a psychophysical response medi-
ated by the central and peripheral sympathetlt
pathways. ** Another was the RR interval varia-
tion (RRIV) which depends partly on the para-
sympathetic reflex mediated by the vagus
nerve 2 i
! SSR was recorded from the hand by stimula-
tion of the contralateral median nerve at the
wrist.?® While the response latency remained
unchanged, the response amphitude showed a
progressive reduction during chewing and a
gradual recovery after chewing. The altered
response was similar to that seen in palmar
hyperhidrosis, ™ suggesting the activation of sym-
pathetic pathways.

In the RRIV test, when one or two betel quids
were consumed, the main effect was a cardio-
acceleratory response.?' With increasing con-
sumption of betel quids, there was a reduction in
RRIV, particularly during deep breathing. Con-
sumption of betel nut only or chewing gum had
no effects on RRIV. The dose-dependent respon-
ses suggest that usual consumption of one or two
betel quids cause mainly a sympathetic activation
while heavy consumption will affect parasympa-
thetic function.

Sympathoadrenal response

To investigate further the sympathetic involve-
ment in the effect of berel quid chewing, plasma
concentrations of adrenaline, noradrenaline and
dopamine were measured before and during
chewing in two groups of bete] quid and piper
betel flower only, respect ively.** Betel quid chew-
ing caused a significant elevation in the concen-
trations of noradrenaline and adrenaline while
piper betel flower chewing caused a moderate
increase in noradrenaline without reaching statis-
tical significance (»=0.06074). It is generally
believed that plasma noradrenaline concentration
is an index of sympathetic Nervous system activ-
ity, while adrenaline level is a response o
sympathetic activation.®® Therefore, the data
suggest that betel quid chewing activates a
sympathoadrenal response.
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Comments and conclusions

Several claimed effects of betel quid chewing have
been confirmed by objective psychophysiological
or neurophysiological experiments. These effects
include palpitation, sweating, a warm sensation of
the body and face and heightened alertness,
These studies demonstrated further that the
effects of betel quid chewing was fast, With onset
within 2 minutes after chewing, and reaching the
maximal within 4-6 minutes, suggesting that
active compounds released from betel quid chew-
ing are absorbed mainly in the oral cayity, most
probably through the mucous membrane, 1o
account for the rapid onset,

It is interesting to note that the effects of bete]
quid chewing are habit-related and dose-depend-
ent. The effects of betel quid chewing are stronger
for fresh or occasional chewers than for habirual
chewers, suggest ing that tolerance or habituation
also occurs in betel quid use. In RRIV study,
consumption of one or two betel quids caused
mainly a sympathetic activation while continued
consumption of more than two betel quids
showed a parasympathetic activation, thus indi-
cating dose-related responses.

It was often difficult to be certain whether the
sites of observed effects were peripheral or
central.  Although  the cardio-acozleramry
response may indicate peripheral sympathetic
activation, it might be due 10 a central effecy.
Intravenous or subcutaneous administration of
arecohine in human subjects, who were pretreated
with a peripheral cholinergic blocker, caused a
cardio-acceleratory response in all studies, and g3
pressor response in some.’'© These findings
suggest that arecoline exerts a central cholinergic
mechanism which then activates a descending
sympathetic effect. In animal studies, arecoline
has been shown to induce an arousal and EEG
dcsynchmmzation, similar to the actions of ACh
or by stimulation of the reticular
system.>:!}

On the other hand, arecoline and arecaidine
from areca nut and several phenolic compounds
from piper betle flower are found 1o be stim-
ulators of catecholamine release from chromaffin
cells i vitro.'#15 Thys, the sympathetic effect of
betel quid chewing may be due partly to the
sympathetic actions of those alkaloids and phe-
nolic compounds. Although betel quid chewing
caused an elevation in the plasma concentrations
of adrenaline and noradrenaline,®* the sites of
activation could not be decided.

activating
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As the plasma level of noradrenaline is believed

to be an index of sympathetic nervous system
activity while the adrenaline level is a response to
sympathertic activation,® betel quid chewing may
lead to a mobilized state similar to activation of
the sympathoadrenal axis, which plays an impor-
tant role in the adapuve preparation of the
organism in emotional or stressful situations. This
effect may party explain the facts that betel quid
chewing may reduce hunger and fatigue and
increase the capacity for work.

Although arousal has been shown to be medi- i

ated by central cholinergic mechanisms, adrener-
gic drugs such as amphetamine are also capable of
producing arousal.?® The finding that the hyper-
thermic response from betel quid chewing was
abolished by atropine and partly inhibited by
propranolol suggests that there may be central and
peripheral activations of sympathenc system.

In conclusion, the main effects of betel quid

chewing appear to act upon the central and
autonomic nervous systems although the sites
and modes of these actions stll remain poorly
understood. These studies have confirmed some
of the effects claimed by betel quid users, but
further studies are required to determine more
precisely the respective roles played by central
and autonomic nervous systems and the individ-
ual pharmacological effects of the components of
the betel quid mixture.
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Betel chewing has been claimed to produce a sense of well-being,
sweating, salivation, a hot sensation in the body and increased ca
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@ Abstract

A pilot case-control study was conducted to identify possible risk factors for Meige's syndrome. Patients
with Meige's syndrome and age- and sex-matched controls suffering from other neurological diseases
were recruited from the Movement Disorders Clinic and Neurology Outpatient Department of the All India
Insititute of Medical Sciences. All participants were interviewed and information regarding psychiatric and
medical ilinesses, use of medications, exposure to fumes, dust and pets, characteristics such as marital
status, socio-economic status, alcohol, tea/coffee use, tobacco use, betel nut chewing and family history
of neurodegenerative diseases among first-degree relatives was ascertained. We found that betel nut
with tobacco chewing was a significant predictor for Meige's syndrome (adjusted odds ratio 7.4, 95%
confidence interval = 1.0-59.82). The role of local irritation or the effect of some chemicals in tobacco and
betel nuts needs further evaluation of the pathogenesis of Meige's syndrome.
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We report a 29-year-old man with secondarily generalised seizure and cardiac impairment. He was an indulger in betel nuts

without other aetiological or precipitating factors, and no abnormality on neuroradiologic investigation. The occurrence of

© 2003 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved.

Key words: betel nut; epilepsy; actiology.

INTRODUCTION

It has been estimated that more than 10% of the
world’s population chew betel nut for its mild psy-
choactive effects'. However, significant illness can be
associated with betel nut, including asthma exacer-
bation, cholinergic crises, cardiac arrhythmias, acute
psychosis, milk-alkali syndrome and oropharyngeal
tumours’. Betel chewing also leads to habituation,
addiction and withdrawal symptoms. We describe an
adult patient who had epilepsy associated with indul-
gence in betel nuts. Here, we report on the patient
and emphasise the clinical importance of recognising
the convulsion-inducing effects of betel nut.

CASE REPORT

A 29-year-old postgraduate student was referred with
four secondarily generalised scizures which occurred
within a period of | week. He was born after an un-
complicated pregnancy with normal birth weight and
head size. He was in good health before the first con-
vulsion. There was no history of intracranial infec-

1059-1311/530.00
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tion, febrile seizures, head trauma or a family history
of seizures. No precipitating factors, such as sleep de-
privation, alcohol consumption or mental stress, could
be identified for any of the seizures. However, he was
an indulger in betel nuts. This betel nut chewing be-
gan at the age of 7. From the age of 18, he would
chew over 10 nuts per day. He claimed that betel nut
chewing produced a sense of euphoria, heightened
alertness, sweating, salivation, a hot sensation in the
body and an increased capacity to work. Betel nut
chewing amounted to 20 per day 3 weeks before his
first episode. Palpitations occurred frequently. On the
day of his first seizure, he chewed about 20 nuts be-
tween 8:00 and 13:00 hours, which equalled his usual
daily consumption. All seizures happened in the af-
ternoon. In the first episode, he had a sudden feeling
of numbness on the lefi side of his face, just after a
siesta. He could recall no other symptoms, and his next
memory was of himself lying on his bed. Two hours
later, the second episode occurred with the same aura,
he then lost consciousness and suffered a generalised
convulsive seizure, witnessed by his mother. About
10 minutes later, consciousness returned. Then he was
transferred to our department in an ambulance. Oral

© 2003 BEA Trading Ltd Published by Elsevier Science Ltd Al rights reserved
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leukoplakia and blackened teeth were found. Pulse
rate was 120 per minute, but 1regular. No neurolog-
ical abnormality was found. Results of routine blood
and cerebrospinal fluid (CSF) examination, computed
tomography (CT) scan, magnetic resonance imaging
(MRI), MR angiography of the brain, and cardiac ul-
trasound were all normal. ECG monitoring showed a
paroxysmal supraventricular tachycardia. Blood crea-
tine phosphokinase ( CK) was 460 U/] (normal values,
24-195 UN). Interictal electroencephalograghy ( EEG)
showed spike and wave activity_in the night temporal
region on day 1, but was normal on day 4. Interic-
tal SPECT showed a localised diminution of cerebral
blood flow in the right temporal lobe. Because he had
experienced two seizures in one day, Carbamazepine
(CBZ), 100mg t.1.d., was administered to prevent fur-
ther convulsions. Due to lack of previous evidence that
betel nut use might cause convulsions, abstinence from
1twas not asked for, but his mother was told to note the
consumption of betel nuts, which was 8, 10, 16, 17,
22 and 25 on days 2, 3, 4,5,6and 7, respectively. The
third and fourth attacks, identical to the second attacks
In every respect, occurred on day 7. During the fourth
attack, an ictal EEG showed spike and wave activity
in the right temporal region. Thus, excessive betel nut
chewing was suspected to be the cause of his seizures.
Abstinence from betel nuts was suggested plus admin-
istration of CBZ as previously. He stopped taking the
medication 1 day after starting his abstinence, because
of marked daytime sleepiness. Seven days after absti-
nence started results of CK, ECG, EEG and cerebral
SPECT re-examination were normal. EEGs were re-
peatedly taken but were found to be normal, and there
has been no recurrence of convulsions over the next
2 years of follow-up, even without medication. Thus,
it appears that he does not have irreversible brain le-
sions, but that his epilepsy was induced by the exces-
sive consumption of betel nuts, because repeated EEG
examination disclosed no paroxysmal activity since
he became abstinent. In addition, his neuroradiologic
findings were normal and he had no previously re-
ported aetiological factors for epilepsy.

DISCUSSION

Betel nut chewing is widespread. Most betel nut-
related effects are transient and mild in nature. Nev-
ertheless, betel nut chewing can produce significant
cholinergic, neurological, cardiovascular and gastro-
intestinal manifestations,

The effects of betel nut chewing on the heart re-
sults in cardioacceleratory responses, reduction of RR
interval variation’, cardiac dysrhythmias (e.g. parox-
ysmal supraventricular tachycardia)® and even acute
myocardial infarction®. The reversible abnormalities
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of CK and ECG in our patient may be betel-related
events.

It has been described that betel chewing causes
widespread cortical desynchronisation of the EEG,
indicating a state of arousal® A bete] nut-induced ex-
trapyramidal syndrome has been reported’. However,
at present, few physicians know about the convulsion-
inducing effects of betel nuts. The pathophysiologic
mechanisms underlying the convulsion-inducing ef-
fects of betel nut still remain undetermined. The
convulsion-inducing effect of betel nuts in this case
1s strongly inferred by the timing of the attacks in
relation to the excessive betel nut chewing, full recoy-
ery without medication since abstinence, the absence
of other ae:ic]ogicaj or precipitating factors, and the
nature of the stereotyped ictal symptoms. Excessive
betel nut chewing may produce complex reactions and
Interactions. (1) Arecoline, the major alkaloid of the
Areca nut, a parasympathomimetic consti tuent, might
overactivate the muscarinic receptor®. Unfmmnalcly,
arecoline concentration in blood and CSF were not
determined in our patient; (2) Betel chewing can in-
crease plasma concentrations of norepinephrine and
epinephrine’; (3) A large quantity of betel nuts, in-
cluding their alkaline calcium salts, can cause hyper-
calcaemia, hypokalaemia and metabolic alkalosis!?.
4) Gamma—aminobutyric acid (GABA), the princi-
pal inhibitory neurotransmitter in the cerebral cortex,
maintains the inhibitory tone that counterbalances
neuronal excitation. When this balance is perturbed,
seizures may ensue'’. In the presence of lime, areco-
line and guvacoline in the Areca nut are hydrolysed
into arecaidine and guvacine, respectively, which are
strong inhibitors of GABA uptake?. Persistent inter-
ference with GABAergic system might result in neu-
rological disturbance. All of these possibilities would
lead to the convulsion-inducing effect of bete] nut.

To conclude, indulgence in bete} nut can be consid-
ered possible cause of epilepsy. It is clinically impor-
tant to know that epilepsy may be induced by betel nut
chewing. The profile of this patient includes: indul-
gence in betel nuts, multiorgan involvement, absence
of other aetiological or precipitating factors, normal-
ity of neuroradiologic findings and secondary gener-
alisation. Given this set of findings, betel nut-related
epilepsy is suggested. However, information from
new cases will help to define the entity more exactly.
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Betel-quid use is associated with the risk of the metabolic syndrome

in adults'™

Jinn-Yuh Guh, Lea-Yea Chuang, and Hung—Ch;n Chen

ABSTRACT

Background: Betel-quid use has been associated with obesity and
hyperglycemia in previous studies. /
Objective: The aim was to test whether betel-quid use contributes to
the metabolic syndrome, as defined by the National Cholesterol
Education Program Adult Treatment Panel 111

Design: Associations between betel-quid use and the metabolic
syndrome, obesity, hyperiniacylglycerolemia, low HDL cholesterol,
hyperglycemia, and high blood pressure after adjustment for sex.
age, smoking, alcohol dn'nkjng.physicalactivity,anddictaryimakes
were studied in nonpregnant adults aged 20-64 y (n = 1986) from
the Nutrition and Health Survey in Taiwan (1993-1996).

Results: The prevalence of the metabolic syndrome was not signif-
icantly different between the men and women (10.1% compared
with 9.7%), whereas the prevalence of betel-quid use was higher in
the men than in the women (31% compared with 2.3%; P < 0.001).
The daily rate of betel-quid use was associated with the metabolic
syndrome [odds ratio (OR) associated with a betel-quid consump-
tion rate of 10 times/d: 1.31; 95% CI: 1.12, 1.55; P = 0.003), ab-
dominal obesity (OR: 1.42,95% CI: 1.2, 1.7; P = 0.001), hypertria-
cylglycerolemia(OR:1.33;95% C1:1.02,1.73: P = 0.037), and high
blood pressure (OR: 1.2;95% CI: 1.01, 1.4; P = 0.04). However, the
daily rate of betel-quid use was not associated with low HDL cho-
lesterol or hyperglycemia.

Conclusion: The daily rate of betel-quid use is independently and
positively associated with the metabolic syndrome in adults. Am
J Clin Nutr 2006;83:1313-20.

KEY WORDS Betel quid, metabolic syndrome, hyperglyce-
mia, hypertension, obesity, hyperlipidemia

INTRODUCTION

Betel-quid use, the fourth most addictive habit in the world
after nicotine, ethanol, and caffeine use, occurs in =10% of the
world population, including that of Taiwan. Betel quid (Areca
catechu) is usually chewed in combination with Piper betle leaf
and lime, and the most abundant arecal alkaloid found in betel
quids is arecoline, a parasympathomimetic agent that lowers
blood pressure (BP) (1, 2). However, other arecal compounds are
sympathomimetic substances that increase BP (3), and hyper-
tension is part of the National Cholesterol Education Program
Adult Treatment Panel 111 definition of the metabolic syndrome
(4,5).

Betel-quid use is associated with an increased risk of oral
cancer, hiver cirrhosis, and hepatocellular carcinoma (1, 2,6, 7).

Am J Clin Nurr 2006:83.1313-20 Printed in USA. © 2006 Amencan Society for Nutrition

Arecal nitrosamines have also been identified as carcinogenens
(8). Moreover, studies conducted in humans (8.9) and mice (10)
found that betel-quid use was agsociated with abdominal obesity
and hyperglycemia, 2 components of the metabolic syndrome.
Thus, itis of interest to determine whether associations between
betel-quid use and the metabolic syndrome exist. Therefore, data
from the stratified multistage probability sampled Nutrition and
Health Survey in Taiwan (NAHSIT, 1993-1996) (11 ) was used
to address 2 questions. First, is betel-quid use independently
associated with the metabolic syndrome? Second, is betel-quid
use independently associated with all 5 components used to de-
fine the metabolic syndrome?

SUBJECTS AND METHODS

Study population

The Taiwanese population was ~21 million in 1993-1996.
The design and operation of NAHSIT was described elsewhere
(12). Briefly, Taiwan was stratified into 7 strata, and 3 townships
in each stratum were selected with the selection probability pro-
portional to the population size of the townships. A total of 9961
persons aged 4-96 y were sampled (sampling rate: 0.047%). All
NAHSIT enrollees signed the informed consent.

The present study was approved by the Kaohsiung Medical
University ethics committee. Because 24-h dietary recall ques-
tionnaires were only administered to participants aged 13-64 y,
the target population was adults aged 2064 y. Thus, inclusion
critenia were the following: nonpregnant adults aged 20-64 y
(n = 3910). Exclusion criteria were the following: not receiving
physical examination or phlebotomy (n = 1454), fasting <8 hor
hemolyzed blood (n = 250), missing personal history (diabetes
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mellitus [DM], hypertension, smoking, alcohol drinking, betel-
quid use, or physical activity; n = 115), missing dietary intake
data (n = 133), or missing concentrations of blood glucose,
plasma triacylglycerol, or HDL cholesterol (n = 205). Note that
some NAHSIT participants met more than one exclusion criteria.
Thus, data from 1986 persons were included in the study.

Interview

A household interview and physical examination were com-
pleted by technicians who received a 1-wk training course (12).
Dietary intakes for those aged 2064 y were estimated from 24-h
dietary recalls and food-frequency questionnaires. The 24-h di-
etary recall (13, 14) included a recall of foods consumed within
the 24 h before administering the 24-h dietary recall question-
naires. Nutrient intakes were calculated from each food item
based on the Nutnient Composition Data Bank for Foodd of
Taiwan Area (15). The food-frequency questionnaire (16, 17)
estimated the frequency of intake of 36 food items for | mo. The
24-h dietary recall and food-frequency questionnaire were vali-
dated by 2 previous studies with the use of an external dataset.
These adults were interviewed every 3 mo at which time they
were given a food-frequency questionnaire and asked to record
their diets for the next 5 d. The 5 d included 3 weekdays and 2
weekend days. Data from 49 men and 20 women who had 2 or 3
interviews and 5-d dietary records within 6 mo were used (18,
19).

'}l”he question asked to ascertain betel-quid use was “how often
do you chew betel quid (per day or per week)?” From the 368
betel-quid users, 216 reported use in umes/d. The other 152
reported use in times/wk, which was converted to times/d. The
frequency of betel-quid use was asked again in a different part of
the interview to ensure accuracy. Note that the duration of betel-
quid use was not asked. The questions to ascertain smoking status
were the following: “are you currently smoking?”, “at what age
did you start smoking?”, and “on average, how many packs do
you smoke each day?" Smoking was then converted to pack-
years. The questions to ascertain alcohol consumption were the
following: “are you currently dninking alcohol?”, *“at what age
did you start to drink alcohol?”, and ““on average, how often do
you drink?” Alcohol consumption was then converted to drink-
years. The question asked to ascertain the presence of DM was,
“have you been diagnosed as having DM (also called ‘a disease
with sugar in urine’ in lay terms) by a physician”” The question
asked to ascertain for the presence of hypertension was, “have
you been diagnosed as having hypertension (also called "high
blood pressure™ in lay terms) by a physician?”

Physical activity was assessed by the frequency of activity per
week within 1 mo; activities included biking, ball games, gym-
nastics or boxing, swimming, dancing, mountain climbing, jog-
ging, walking, gardening, housework, moving or loading ob-
jects, and mechanical assembling (20). Note that because
physical activity was a composite score of several different phys-
ical activities, we classified physical activity as into 5 categories
(0, =3, >3 and =7, >7 and =9, or >9 times/wk).

Body weight was measured to the nearest 0.1 kg with the use
of a weighing scale while the participants wore light clothing
(20). The scale was calibrated with a 20-kg counterweight before
each measurement. Body height was measured 10 the nearest 0.1
cm with the use of a wall-glued metal measunng tape and an
acute-angled head prece while the participants stood against a
plumb-checked vertical wall and wore no shoes. Body mass
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index was calculated as weight (in kg)Vheight’ (in m). Waist

circumferences were measured horizontally with a soft measur-

ing tape at the level of the natural waist, which was identified as

the level at the hollow molding of the trunk when the participants

bent their trunks laterally (21). The participants were told 1o

avoid smoking for =30 min before measuring BP, which was
measured with the use of mercury sphygmomanometers after the
participants had rested for S min in a supine position (22). Sys-
tolic BP (SBP) and diastolic BP (DBP) were recorded as the first
and fifth phase of Korotkoff sound, respectively. Two BP mea-
surements were made 30 s apart. If the 2 measurements differed
by =10 mm Hg, a third measurement was made and the 2 closest
BPs were averaged. The weighing scale, measuring tapes, and
mercury sphygmomanometer were standardized by Bureau of
Standards, Metrology, and Inspcclion—authprizcd agencies at the
start of the study and at 6-mo intervals.

The metabolic syndrome was defined by abnormalities in =3
of the following criteria , which were modified from the National
Cholesterol Education Program Adult Treatment Panel 11] crite-
na(4,5): ) abdominal obesity, defined as a waist circumference
>90 cm for men and >80 cm for women (23, 24): 2) hypertri-
acylglycerolemia, defined as triacylglycerol concentrations
=150 mg/dL; 3) low HDL-cholesterol concentrations, defined as
an HDL-cholesterol concentration <40 mg/dL in men and < 50
mg/dL. in women; 4) hyperglycemia, defined as a fasting whole-
blood glucose concentration = 100 mg/dL (5.6 mmol/L.) or DM
[ie, fasting blood glucose =110 mg/dL (6.1 mmol/L), physician-
diagnosed DM, or treated DM) (25); and 5) high BP, defined as
SBP =130 mm Hg, DBP =85 mm Hg, or physician-diagnosed or
treated hypertension. Note that the National Cholesterol Educa-
tion Program Adult Treatment Panel 111 was ambiguous about
treated hypertensive or diabetic patients who may have normal
blood pressure or fasting blood glucose concentrations. There-
fore, we adopted the above definitions of high blood pressure and
hyperglycemia as defined by the International Diabetes Federa-
tion and used by previous studies (23, 24).

Analytic procedures

Fasting (=8 h) morning blood samples were drawn and cen-
tnfuged at 1000 x g for 15 min at 4 °C on site. Venous whole-
blood glucose was measured immediately by the glucose oxidase
method with a glucose analyzer (model 23A: YSI, Yellow
Springs, OH) in blood that was collected into sodium fluoride
tubes (21, 22). Serum was stored in a single batch at — 70 °C until
analyzed within 1 mo for triacylglycerol and HDL cholesterol
with the use of a Hitachi 747 autoanalyzer (Hitachi, Tokyo,
Japan) (26).

Statistical analysis

The statistical package STATA version 8.2 (Stata Corp, Col-
lege Station, TX) was used. Data were expressed as means
(* SEMs). Triacylglycerol, HDL cholesterol, and fasting blood
glucose were log-transformed before analyses 10 normalize the
distribution. Statistical significance was defined as a P value of
< 0.05.

The weighted “svy (svyreg: linear regression; svylogit: logis-
tic regression)” or “robust” command was used to account for the
complex survey design in NAHSIT. Differences between con-
unuous variables and categorical variables were tested with un-
paired 1 tests and chi-square tests, respectively. The effect of
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BETEL USE AND THE RISK OF METABOLIC SYNDROME

betel-quid use was examined in multiple linear or logistic regres-
sion analyses after adjustment for sex, age, smoking, alcohol
dnnking, dietary intakes, and physical activity. The above 2
statistical analyses were used to test for the effects of betel-quid
use as a conlinuous or categorical variable.

An overall test for the effect of betel-quid use was performed
with the F test, whereas linear trend tests for the effect of betel-
quid use category (an ordinal independent variable) were per-
formed by using orthogonal polynomial contrasts (with
computer-generzated contrast coefficients) (27) in multiple linear
or logistic regression analyses. We also tested for the interaction -
of sex or age with betel-quid use in multiple linear regression and
logistic regression analyses.

Note that the orthogonal polynomial contrast is a technique
used for multiple comparisons (28). A contrast is a linear com- p
binanion of 2 gr more means with coefficients that sum to zero.
Two contrasts are orthogonal (nonredundant and independent) if
the sum of the products of corresponding coefficients (ie, coef-
ficients for the same means) adds to zero. For J groups, we can
only construct J-1 orthogonal contrasts. Trend analysis is per-
formed when the category has a natural order. In polynomial
regression, the model of the sample mean consists of coefficient
terms: linear, quadratic, cubic, etc. A polynomial contrast is a set
of contrasts evaluating trends: linear, quadratic, cubic, etc. Two

polynomial contrasts are orthogonal if the sum of the products of
corresponding coefficients adds to zero. Thus, we have 2 con-
trasts (evaluating linear and quadratic trends), which are orthog-
onal, for the 3 betel-quid use categories.

RESULTS

Demographic characteristics of NAHSIT enrollees who
did or did not participate

The participation rate was 51% (1986 of 3910). A lower per-
centage of men was observed in the participants subgroup than in
the nonparticipants subgroup (47% compared with 56%, P =
0.003). Thus, data were analyzed separately for men and women.
Moreover, the participants were older than were the nonpartici-
pants in both the male group [x (£SEM) age: 40 + 0.4 compared
with 37 + 0.4 y, respectively; P < 0.001] and the female group
(39 + 0.4 compared with 37 = 05 y, respectively; P = 0.02).
Thus, age was included as an adjustment factor in the multiple
linear and logistic regression analyses where the interaction be-
tween age and betel-quid use was also assessed for the partici-
pants.

In contrast, no significant differences in smoking, alcohol
drinking, physical activity, and betel-quid use were observed
between the participants and nonparticipants. Note that the
metabolic syndrome, laboratory measurements, and dietary
intakes cannot be compared between the participants and
nonparticipants.

Prevalence of betel-quid use in NAHSIT participants

The overall prevalence of betel-quid use was 15.9%, which
was higher in the 920 men than in the 1066 women (31% com-
pared with 2.3%, respectively: P < 0.001). In betel-quid users,
the median frequency of betel-quid use was 3.5 umes/d (first
quartile: 0.33 times/d: third quartile: 10 imes/d). Thus, the daily
rate of betel-quid use was classified into none, low (=3.5 umes/
d), and lhugh ( =3.5 umes/d) categones. Morcover, among the nsk
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factors and components of the metabolic syndrome. significant
sex-by-tertile of betel-quid use interactions for body mass index,
alcohol drinking, SBP, DBP, high BP, and dietary intakes of
carbohydrates and vegetables were observed. Thus, demo-
graphic and laboratory charactenstics of the panicipants were
reported separately for the men and women.

Demographic and laboratory characteristics of NAHSIT
participants by categories of betel use

The findings for features of the metabolic syndrome and its
risk factors are shown in Table 1 by categories of betel-quid use.
Note that there was a linear trend with increasing smoking, al-
cohol drinking, and triacylglycerol and with decreasing age and
fruit intake across increasing betel-quid use categories. In con-
trast, there was a linear trend with increasing SBP, DBP, and
body mass index and with decreasing carboHydrate intake across
increasing betel-quid use categories only in the women.

Note that the apparent number of women chewers was only 25
(1066 x 2.3%). However. the prevalence of betel-quid chewing
for the women (2.3%) was a weighted estimate. Thus, the actual
number of women chewers was 82 (n = 32 in the low group and
50 in the high group), and the crude prevalence of betel-quid
chewing for the women was 7.7% (n = 82 of 1066).

Sex-specific demographic characteristics in the
participants with or without the metabolic syndrome

The overall prevalence of the metabolic syndrome was 9.9%
(10.1% for the men compared with 9.7% for the women, P =
0.86). Moreover, a logistic regression analysis showed that the
prevalence of the metabolic syndrome increased with age in both
sexes [odds ratio (OR) associated with 10-y increase in age:
1.008; 95% CI: 1.005, 1.01; P < 0.001). Note that the women
with the metabolic syndrome ate less fruit and were less likely to
dnnk or exercise than women without the metabolic syndrome
(data not shown). These relations were not observed in the men.
In contrast, no significant differences for any other dietary fac-
tors were observed in both sexes (data not shown).

Prevalence of risk factors and the 5 components of the
metabolic syndrome in NAHSIT participants

The sex-specific prevalence of the risk factors and the S com-
ponents used to define the metabolic syndrome in the present
study are shown in Table 2. The prevalence of smoking, alcohol
drinking, and high BP was higher in the men than in the women.
Conversely, the prevalence of abdominal obesity, low HDL-
cholesterol, and hyperglycemia was higher in the women than in
the men, whereas physical activity and the prevalence of hyper-
tnacylglycerolemia were not significantly different between the
men and women.

Betel-quid use category as a risk factor for each of the 5
components used to define the metabolic syndrome

In the above univariate analyses, the association between
betel-quid use and the metabolic syndrome was confounded by
the imbalances of many risk factors between betel-quid users and
nonusers. Thus, multivanate analyses were adjusted for other
metabolic syndrome risk factors to ascentain the role of betel-
quid use in the development of the metabolic syndrome. The
results for the NAHSIT participants in whom the S components
of metabolic syndrome were analyzed as continuous variables
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TABLE 1
Demographic and laboratory charactenistics of the Nutrition and Health Survey in Taiwan participants by different betel-quid use categories’
Betel-quid use
None Low (=3.5 umes/d) High (>3.5 umes/d) P for trend”’
Men (n) 634 145 141 —
Women (n) 984 32 50 —
Age (y) 385+ 0.4° 364 3442 0.005
Smoking (pack-years) 23+02 132 132 < 0.001
Drinking (drink-years)”
Men = 3+04 4+ 15 T+17 - 004
Women 03+ 0.1 07+03 34403 < 0.001
Physical activity (times/wk) 5+04 4x2 39+ 08 0.27
Metabolic syndrome (%) 98+ 1 135=4 833 0.86
Glucose (mg/dL) B46+ 1 8312 B+ 15 0.16
Hyperglycemia (%) / 56+ 04 562, 4+2 b 007
SBP (mm Hg)*
Men 123+ 1 121+3 122+ 1 0.48
Women 5% 1H17+4 133+ 2 < 0.001
DBP (mm Hg)”
Men 80+ 1 79+3 82+ 0.27
Women 73+08 BAE T 91+2 =< 0.01
High blood pressure (%)°
Men 42+ 4 39+7 53+9 0.4
Women 24+3 139 86+ 11 0.06
BMI (kg/m®)*
Men 23+ 04 23+ 09 23+04 0.52
Women 23+0.2 24+ 1 26+ 1 0.02
Waist circumference (cm) Tt 78+ 4 9+3 04
Abdominal obesity (%) 14 + 2 BXS 11 +4 0.7
Tnacylglycerol (mg/dL) 110+ 8 124 = 11 164 + 8 0.002
Hypcru-iacylglycerolcmia (%) 16 +2 28+ 4 25+6 0.28
HDL cholesterol (mg/dL) 58+2 56+ 2 60+ 3 0.12
Low HDL cholesterol (%) 28 + 4 18 + 4 15+ 7 04
Carbohydrate intake (g/d)’
Men 286+ 6 296 + 30 279 + 15 0.87
Women 207+6 148 = 10 143 + 18 0.002
Fat intake (g/d) 68 + 4 BB+ 24 83+ 8 0.18
Fiber intake (g/d) 52+02 45+ 1 43+ 06 0.08
Vegetable intake (times/wk)*
Men 264 1 26+3 23+3 0.17
Women 28+ 2 22+ 8 36+2 0.24
Fruit intake (imes/wk) 7+04 52+ 1 34+03 =< 0.01

! n = 1986. SBP, systolic blood pressure; DBP, diastolic blood pressure. The data were reported separately for men and women for the dependent variables

when there was a significant sex-by-tertile of betel-quid use interaction,

? The differences in continuous and categorical variables between different betel-quid use categories were tested by orthogonal polynomial contrasts in

linear and logistic regression, respectively.
“ % + SEM (all such values).
“ P < 0.05 for sex-by-tertile of betel-quid use interaction.

are shown in Table 3. A linear trend with increasing serum
triacylglycerol was observed across increasing betel-quid use
categories. In contrast, a linear trend with increasing waist cir-
cumference, SBP, and DBP across increasing betel-quid use
categories was observed only in the women.

The results for the NAHSIT participants in whom the 5 com-
ponents of the metabolic syndrome were analyzed as categorical
variables are shown in Table 4. A linear trend with increasing
prevalence of high BP across increasing betel-quid use catego-
ries was observed only in the women.

Note that no significant interaction between age and betel-quid
use categories was observed (Table 3 and Table 4). Namely, the

relation between betel-quid use categories and each of the 5
components of the metabolic syndrome did not differ signifi-
cantly with age.

Daily rate of betel-quid use as a risk factor for each of
the 5 components used to define the metabolic syndrome

The results forthe NAHSIT participants in whom the daily rate
of betel-quid use was analyzed as a continuous variable are
shown in Table 5. The daily rate of betel-quid use was indepen-
dently and positively associated with waist circumference, serum
triacylglycerol, and SBP. Betel-quid use was also independently
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TABLE 2 _ _ _ _ .
Sex-specific prevalence of the S components of the metabolic syndrome and charactenistics of the risk factors in the Nutrition and Health Survey in Taiwan
participants’

Men Women
(n=920) (n = 1066) ) B
S_m_uh'ng (pack-yca.rs-J 7604 0.14 + 0.06 < 0001
Dninking (dnnk-years) 35+05 0.35 + 0.1 < 0.001
Physical activity (times/wk) 50x04 49+ 02 D88
Metabolic syndrome (%) 0+1 i o | 0.86
Abdominal obesity (%) 107 +2 193+ | 0.004
Hypertriacylglycerolemia (%) 20+3 - 12+2 0.06
Low HDL cholesterol (%) = 21+3 33+£3 0.015
High blood pressure (%) 449 + 4 295+% < 0.001
53+06 74204 0.012

Hyperglycemia (%)

' All values are ¥ + SEM_n = 1986,

i ) 2
? The differences in contiguous and categoncal variables between the men and women were tested by unpaired 1 tests and chi-square tests, rc&pcmwcly.

and positively associated with abdominal obesity, hypertriacyl-
glycerolemia, and high BP, but not with low HDL cholesterol or
hyperglycemia. Note that the size of the coefficient or OR of a
continuous variable is dependent on the unit (29), which, in this
case, was 10 times/d (the third quartile of betel-quid use).

No significant interaction between age and the daily rate of
betel-quid use was observed. Namely, the relation between the
daily rate of betel-quid use and each of the 5 components of the
metabolic syndrome did not differ significantly with age.

Betel-quid use category as a risk factor for the metabolic
syndrome

When betel-quid use was analyzed as a categorical variable,
neither low nor high use categories were significantly associated
with the metabolic syndrome for either sex. Additionally, there
was no linear trend with increasing prevalence of metabolic

TABLE 3
Multiple linear regression analyses of betel-quid use categories as a risk

factor for each of the 5 components of the metabolic syndrome’

syndrome across increasing betel-quid use categories (Table 1).
Moreover, there was no significant interaction between age and
betel-quid use categories. Namely, the relation between betel-
quid use category and metabolic syndrome did not differ signif-
icantly with age.

Daily rate of betel-quid use as a risk factor for the
metabolic syndrome

When betel-quid use was analyzed as a continuous variable,
the daily rate of betel-quid use was associated with the metabolic
syndrome (OR associated with a rate of betel-quid consumption
of 10 times/d: 1.31;95% CI: 1.12, 1.55: P = 0.003) in both the
men and women. However, there was no significant interaction
between age and the daily rate of betel-quid use. Namely, the
relation between the daily rate of betel-quid use and the meta-
bolic syndrome did not differ significantly with age.

TABLE 4
Multiple logistic regression analyses of betel-quid use categories as a nisk
factor for the metabolic syndrome and its 5 components’

Coefficient P for trend”
——— T = o - Odds ratio P for
Waist circumference (cm) Component (95% CI)° trenat
KL 015 = 0.36* 0.68 ! —
Women 1.34 + 05 0.024 Metabolic syndrome (yes or no) 1.06 (089, 1.3) 052
In Tnacylglycerol (mg/dL) 0.06 + 0.02 0.02 Abdominal obesity 1.03 (0.84, 1.26) 0.78
In HDL cholesterol (mg/dL.) 002+ 002 0.21 Hypernacylglycerolemia 1.2(09,1.5) 0.18
SBP (mm Hg)’ Low HDL. cholesterol 0.86(0.66,1.1) 0.26
Men -03+07 0.65 High blood pressure”
Women 46+ 1.0 < 0.001 Men 1.1(09, 1.4) 025
DBP (mm Hg)" Women 2.0(1.4, i 0.002
Men 0.75 + 0.47 014 Hyperglycemia 099(08,1.2) 0.87
Women 38206 < 0.001 " 'n = 1986. The daily rate of betel-quid use was divided into 3 categories
In Glucose (mg/dL.) —0.004 + 0.004 0'23_ {none, low, or high). The effect of betel-quid use was adjusted for sex, age (y),

smoking (pack-years), alcohol dnnking (dnink-years), dictary intakes, and
physical acuvity. The data were reported separately for men and women for
the dependent variables when there was a significant sex-by-tertile of betel-
quid use interaction.

? The odds ratio was the ratio between the high and no betel-quid use
categones

" The lincar trends in the differences between the ditferent betel-quid
use categones were tested by linear orthogonal polynomial contrasts in lo
£1slic regression

Y P < 0.05 for sex-by-tertile of betel-quid use interaction

" n = 1986. The daily rate of bete] -quid use was divided into 3 categones
(none, low, or high). The effect of betel-quid use was adjusted for sex, age(y),
smoking (pack-years), alcohol drinking (dnnk-years), dietary intakes, and
physical activity. The data were reponed separately for men and women for
the dependent vanables when there was a significant sex-by-tertile of betel-
quid use interaction.

* The linear trends in the differences between the different betel-quid
use categories were tesied by linear orthogonal polynomual contrasts.

' P < 0.05 for the sex-by-tertile of betel-quid use interaction.

“x = SEM (all such values)
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TABLE 5

syndrome’

Coefficient

Lincar regression
Waist circumference (cm) 1.4 + 0587
In Tnacylglycerol (mg/dL) 0.14 + 0.03
In HDL cholesterol (mg/dl) —0.02 + 0.03
SBP (mm Hg) 1.2+04
DBP (mm Hg) 032+ 09
In Glucose (mg/dL) . —0.01 + 0.01

Logistic regression

Abdominal obesity =
Hypertriacylglycerolemia -
Low HDL cholesterol =
High blood pressure ‘ -
Hyperglycemia —

OR (95% C1) P

— 0.03
— 0.001

— 053

— 0.01

— 0.72

. — 03]
1.42(1.2, 1.68) 0.001
1.33(1.02, 1.73) 0.037

1.13 (086, 1.5) 036

{ 1.2(1.01,1.4) G.04

098 (0.6, 1.6) 091

'n = 1986. The coefficients and odds ratios (ORs) are associated with a consumpion rate of betel quid of 10 umes/d, which is the 75th percentile of

betel-quid use. The effect of betel-quid use was ad
activity. SBP, systolic blood pressure: DBP, diastolic blood pressure.
?X + SEM (all such values).

DISCUSSION

The present study appears to be the first to show that, other than
hyperglycemia and central obesity, the daily rate of betel-quid
use is an independent risk factor for features of the metabolic
syndrome. In view of the enormous world population (10%) that
uses betel quid (2, 8) and the effect of the metabolic syndrome on
global health (4), our finding has important epidemiologic im-
plications.

The results were different when we analyzed betel-quid use as
either a categorical or a continuous variable. The results of con-
tinuous variables are more reliable because the categornization of
continuous variables leads to a loss of information ( 30). Thus, we
found that the daily rate of betel-quid use was associated with 3
of the 5 components of the metabolic syndrome by multiple
logistic regression: abdominal obesity, hypertriacylglycerol-
emia, and high BP (categorical variables). Similarly, it was as-
sociated with 3 of the 5 components of metabolic syndrome by
multiple linear regression: waist circumference, serum triacyl-
glycerol, and SBP (continuous variables).

Note that the effect of betel-quid use was independent of the
other risk factors, which were examined by using multiple logis-
uc regression analysis. However, due 1o the complex nature of
independent risk factor research in epidemiology, we cannot
dismiss the possibility of residual confounding by other as yet
unknown factors (31) that may emerge n future studies.

The mechanism of betel-induced abdominal obesity and hy-
pertriacylglycerolemia is not known. However, a study con-
ducted in India found that arecoline suppressed appetite while
increasing postprandial carbohydrate use in 15 men (32). Thus,
betel-induced abdominal obesity is likely to depend on factors
other than arecoline. On the other hand, betel-quid use may
increase serum triacylglycerol secondary to the induction of cen-
tral obesity.

The mechanism via which betel induces high BP is also not
known. However, some studies found that betel-quid use acutely
increased BP, probably by activating sympathetic nerves (3).
which is a feature of essential hypertension (33). Interestingly,

usted for sex, age (y), smoking (pack-years), alcohol drnking (drink-years), dietary intakes, and physical

betel quid-induced sympathetic activation is also mediated by
factors other than arecoline, a parasympathomimetic agent (3).

Our finding that betel-quid use was not significantly associ-
ated with hyperglycemia contrasts those of 3 previous studies (8,
9,34). The first study, which was conducted in New Guinea (n=
769), showed that betel-quid use was associated with DM (9).
However, that study defined DM as fasting capillary blood glu-
cose =7 mmol/L, which is different from the World Health
Organization definition of DM (fasting venous or capillary
whole blood glucose =6.1 mmol/L) (25). Moreover, the dose-
dependent effects of betel-quid use were not studied, in contrast
to the present study. The second study, which was conducted in
Taiwan (n = 14 816), showed that betel-quid use was associated
with hyperglycemia and DM in men (34). However, the 2 studies
did not exclude specimens with hemolysis, and hemolysis affects
the testing of blood glucose concentrations (35). Moreover, the
researchers did not exclude persons who fasted <8 h, but the
definition of hyperglycemia depends on an adequate fasting
time. In fact, we found that betel-quid use was independently and
positively associated with DM (OR: 24;95%Cl: 1.5,4.0: p =
0.002) if we increased the sample size to 2215 by including
persons who fasted <8 h and blood specimens with hemolysis
(n = 250). Thus, the reduction of sample size would itself tend 1o
reduce the chance of detecting a significant relation between
betel-quid use and hyperglycemia. A third study conducted in
Bangladeshis (n = 993) showed that betel-quid use was associ-
ated with hyperglycemia only in women (8). The first and third
studies had a smaller sample size, whereas the second study had
a bigger sample size, than did our study. However, in contrast
with our population-based study, the other 3 studies were
community-based studies, which thereby lack gencrahizability o
the population.

Interestingly, one study conducted in Taiwan showed that the
prevalence of betel-quid use in patients with DM was 13.2 (36).
In contrast, the prevalence of betel-quid use in patients with and
without DM in our study was 14% and 16.2% (P = 0.56), re-
spectively.
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One confounding factor is that the fasting glucose concentra-
tion zlone is not sensitive enough for the detection of either
impaired glucose tolerance or DM. For example, studies con-
ducted in Canada and Taiwan showed that fasting glucose con-
centrations missed 16.6-23% of persons with impaired glucose
tolerance or DM (37, 38). Additionally, betel quid (which con-
tains arecoline) is often chewed with Piper betle leaves, which
contain short-lived hypoglycemic agents (39) and hydroxychavi-
col (40). Note that both arecoline and hydroxychavicol have
short-term hypoglycemic activities (40, 41).

We speculate that betel quid induces the metabolic syndrome,
insulin resistance, or both by the several mechanisms. First, betel
quid induces sympathetic activation (3), which is present in in-
sulin resistance and the metabolic syndrome (33). Second, betel
quid is associated with central obesity, itself a major risk factor
for insulin resistance and the metabolic syndrome (42). Third,
arecal alkaloids lead to y-aminobutyric acid receptor blockade
(43), and defective y-aminobutyric acid neuromodulation was
suggested to be a mechanism thatinduces insulin resistance (44).
Fourth, betel quid induces oxidative stress (45) and inflammation
(46), 2 conditions causally linked to insulin resistance (5, 47).
Finally, specific arecal nitrosamines may be diabetogenic, as are
various structurally similar nitroso compounds such as Strepto-
zotocin, the structure of which leads to the targeting of islet 8 cell
glucose receptors (8). However, betel quid-induced hyperglyce-
mia may be masked by the effects of Piper betle leaves.

In conclusion, the daily rate of betel-quid use was indepen-
dently and positively associated with the metabolic syndrome
and 3 of its components (abdominal obesity, hypertriacylglyc-
erolemia, and high BP) in a dose-dependent manner. Moreover,
we found that, although men were more likely to be betel users
than women and the prevalence of 4 of the 5 components of the
metabolic syndrome were different between the sexes, the prev-
alence of the metabolic syndrome was not significantly different
between the men and women.
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A population-based study of the association between betel-quid
chewing and the metabolic syndrome in men'-

Amy Ming-Fang Yen, Yueh-Hsia Chiu, Li-Sheng Chen, Hui-Min Wu, Chih-Chung Hua;wg, Barbara J Boucher, and

Tony Hsiu-Hsi Chen

ABSTRACT

Background: Betel-quid chewing, an established nisk factor for
oropharyngeal malignancy, is associated with h}pcrglyccmia and
obesity. Associations with other characteristics of the metabolic
syndrome have not been reported.

Objective: This study examined associations between betel-quid
chewing and the metabolic syndrome, allowing for recognized risk
factors and exploring dose-response effects in a population-based
study.

Design: Age-specific prevalence rates of the metabolic syndrome
were examined in betel-quid chewing and nonchewing men (n =
19 839) recruited into the Keelung Community-based Integrated
Screening program in 2001-2003. The independent effect of betel-
quid chewing on metabolic syndrome risk was examined by using
multiple logistic regression with control for well-recognized risk
factors (eg, education, physical activity, and dietary factors) and
dose-response effects were examined by using trend tests.
Results: The age-adjusted prevalence of the metabolic syndrome
was highest in current chewers (25.13%), next highest in ex-chewers
(22.04%), and lowest in nonchewers (15.73%) (P < 0.0001). Odds
ratios (95% Cls) for the metabolic syndrome were 1.38(1.19, 1.60)
and 1.78 (1.53, 2.08) in ex-chewers and current chewers, respec-
tively, adjusted for other significant correlates such as a family
history of hypertension and diabetes mellitus. Meaningful odds ra-
tios for the metabolic syndrome components ranged from 1.24 for
hyperglycemia (95% CI: 1.09, 1.64)10 1.90(95% C]- 1.66,2.19) for
hypertnacylglycerolemia. Increasing odds ratios for the metabolic
syndrome with higher consumption of betel quid (whether by rate of
use, duration of use, or cumulative exposure) suggest dose-response
effects.

Conclusions: After adjustment for well-established risk factors, our
study showed independent predictive dose-response effects of betel-
quid chewing for the metabolic syndrome and its components in a
population-based study of men with a 15% prevalence of betel-nut
chewing. Am J Clin Nutr 2006:83:1153— 60.

KEY WORDS Metabolic syndrome, betel quid, Areca cate-
chu, chewing, dose-response effect, community-based integrated
screening, risk factors

INTRODUCTION

Although chewing betel quid, containing Areca catechu palm
nuts, is a recognized nisk factor for oral premalignancy and can-
cer, few studies have focused on associations between betel-quid

Am J Clin Nutr 2006,83:1153-60. Printed in USA. © 2006 American Society for Nutrition

chewing and chronic diseases, even though it is the fourth most
common addictive habit wbrldwide (1). Betel-quid chewing has
been shown to be associated with the development of obesity and
hyperglycemia in mice (2) and with hyperglycemia and type 2
diabetes, cpidcmio]ogical]y, in humans (3, 4).

Furthermore, betel-quid chewing has been reported to be as-
sociated with increased waist size and weight, recognized fea-
tures of the metabolic syndrome, in British South Asians (5). A
review of the literature shows many reported physiologic and
metabolic effects of betel-quid consumption (4). Arecal alka-
loids, the major psychoactive components of Areca catechu nuts,
chewed alone in Piper betle (betel) leaf-wrapped quids or, as in
Taiwan, with sliced inflorescence of Piper betle (Lao-Hwa) (1),
are competitive inhibitors of y-aminobutyrate receptors with
widespread effects because y-aminobutyrate receptors are found
in the brain, cardiovascular system, lungs, gut, and pancreatic
islets. Areca catechu nut (commonly called “bete] nut™) alkaloids
activate the sympathetic nervous system (even at Jow doses),
increase adrenal medullary catecholamine secretion, and at high
doses can increase blood pressure. These are properties that
could be expected to increase the risk of ischemic heart disease.
although only one report Suggests an association of acute coro-
nary events with betel-quid chewing (6).

Betel-quid chewers are reported to be at increased risk of
developing type 2 diabetes. Thus, it is important to establish
whether there may also be associations between the betel habit
(the chewing of Areca catechu nuts), used by 600 million people
worldwide (1, 7), and the development of the metabolic syn-
drome because, with or without overt diabetes, it is strongly
associated with the development of atherosclerotic disease. The
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aims of the present study, therefore, were /) to assess whether
betel-quid chewers have higher prevalence rates of the metabolic
syndrome than do nonchewers, after control for other recognized
nisk factors for the metabolic syndrome, in a population-based
study, and 2) to determine whether there was evidence of dose-
response effects for the nisk of the metabolic syndrome, or any of
its component features, associated with the duration of betel-quid
chewing, the rate of use, cumulative exposure, and the duration
of time after quitting betel-quid chewing (quitting-years).

SUBJECTS AND METHODS

Subjects

Subjects were participants in the Keelung Community-hased
Integrated Screening (KCIS) program, a screening program tar-
geting 5 neoplastic diseases (cervical, colorectal, liver, oropha-
ryngeal, and breast cancers) and 3 nonneoplastic chronic dis-
eases (diabetes mellitus, hypertension, and hyperlipidemia) that
began recruitment in 1999 in Keelung, Taiwan. Details of the
study design, implementation, and preliminary results have been
described in full elsewhere (8). In brief, the invited population of
the KCIS program was derived from 217 884 people aged 30-79
y resident in Keelung in 1999. Because the Pap smear screening
program was a major screening target at that time, we initially
invited women who had no history of having Pap smear or who
had not undergone a Pap smear for =3 y and used this invitation
as an incentive to invite their husbands and other relatives to
attend a series of screenings integrated within the KCIS program.
The overall attendance rate for women nvited to attend the Pap
smear screening was 80%. The total number of participants had
reached 61 653 by the end of 2003 (28.3% of the total popula-
tion). A comparison of attendant with nonattendant subjects with
respect o age, sex, and education showed that the old and the
less-educated women were more likely to attend the KCIS than
were the men, the young, or the highly educated and it became
necessary 1o control for age and education in multivaniate anal-

ysis (see below) for the men only.

Because the measurement of HDL cholesterol only began in
2001, only those subjects screened between | January 2001 and
31 December 2003 were included in the present subgroup anal-
yses, which allowed the use of consistent criteria for the presence
of the metabolic syndrome as defined by using modified National
Cholesterol Education Panel Adult Treatment Panel 111 (NCEP
ATP I11) criteria (see below) (9). A total of 53 948 subjects
(20 111 men and 33 837 women) participated in the KCIS pro-
gram between 2001 and 2003 after having given informed con-
sent. After the exclusion of 569 subjects without adequate
records for betel chewing, the prevalence of betel nut chewers
(including both ex- and current chewers) was 15.1% in men and
0.8% in women. In view of the low prevalence of betel chewing
in women, data analysis was limited to 19 839 men.

Data collection

Questionnaire data on demographic features, dietary habits
(intakes of meat, vegetables, fruit, beans, fish, seafood, milk, and
coffee), lifestyle (betel-quid chewing, smoking, drinking, and
physical activity), personal and family disease history (diabetes
mellitus, hyperntension, cardiovascular and cerebrovascular dis-
ease, hyperlipidemia, and stroke), and data relating to cancer
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risks, was obtained by one-to-one interviews conducted by spe-

cially trained public health nurses or volunteer workers. Physical

acuvity was defined as nonoccupational exercise, and informa-

tion was collected on the number of sessions per week and cat-

egorized as none, 1-3 times/wk, or = 4 times/wk in the following

analysis. Data on the diet during the previous 6 mo (including

seafood, meat, fish, fried oil, bean or egg products, fruit and

vegetables, milk, soda, and coffee) was also obtained. Food

modes and standard dishes or containers of each food were dis-

played 1o assist in estimates of portion sizes for food consumed
per meal. The frequency of consumption was then categorized
into 5 groups: never or seldom, 1-2 times/wk, 3-4 times/wk, 5-6
times/wk, and =7 times/wk. Note that the intake of meat and
vegetables was recorded in days. Physical measurements, in-
cluding reclining blood pressure after 5, min of rest, were then
recorded. Fasting blood samples were drawn at recruitment and
repeated yearly, ie, both during the 3-y study period and during
follow-up. Anthropometric measurements were made by trained
staff; height was measured with a stadiometer, waist and hip
circumferences (to 0.1 cm) were measured with a standard tape
measure, and weight (to 0.1 kg) was measured with standardized
weight scales. Waist size was measured midway between the
inferior margin of the rib cage and the iliac crest horizomally, and
hip circumference was measured as the maximum horizontal
circumference around the buttocks. The serum biomarkers mea-
sured included fasting glucose, aspartate transaminase, alanine
transaminase, triacylglycerol, total cholesterol, and LDL- and
HDL -cholesterol concentrations.

The definition of the metabolic syndrome used was based on
NCEP ATP 11l criteria (9), adjusted for waist size in Asian sub-
jects (10). Metabolic syndrome was defined as present when
subjects met =3 of the following criteria: /) central obesity
(waist circumference =90 cm for men and =80 c¢m for women),
2) hypertriacylglycerolemia (=150 mg/dL), 3) an abnormally
low HDL-cholesterol concentration (<40 mg/dL. for men and
<50 mg/dL for women), 4) elevated blood pressure (=130 mm
Hg systolic or =85 mm Hg diastolic), or 5) an elevated fasting
glucose concentration (=110 mg/dL).

Statistical analysis

Companisons of demographic features, lifestyle and dietary
factors, and family history across current-, ex-, and non-betel
quid chewers were made by using chi-square and analysis of
vanance tests for categorical and continuous variables, respec-
uvely. Multiple logistic regression analysis was used to obtain
adjusted odds ratios (ORs) and their 95% Cls for the presence of
the metabolic syndrome in relation to betel quid use (classified as
current chewer, ex-chewer, or nonchewer). Analysis for trend
was used to investigate dose-response effects of the duration of
betel-quid chewing, of rate of use, of cumulative exposure (quid-
days), and of quitting years. To determine whether the risk of the
metabolic syndrome decreased with time after quitting in ex-
chewers by cumulative exposure to previous betel chew ing, after
control for risk factors that were significantly correlated with the
metabolic syndrome, cumulative exposure was categorized into
4 groups: <10000, 10000-32 000, >32000-79 000, and
=79 000 quid-days. All statistical analyses were carried out by
using SAS software (version 8.0; SAS Institute Inc, Cary. NC).
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™ TABLE 1
Distribution of demographic and biochemical variables by betel-quid chewing status in men: Keelung Community-based Integrated Screening Program,
2001-2003
o Nonchewer Ex-chewer Current chewer
(n = 16 847) (n = 1569) (n = 1423) P
Demographic variables
Age (y)’ 53.1 +15.37 44.0 + 106 427+109 < 0.0001
™ Education (%)’ < (.0001
College or above 25.2 113 92
Senior high school 279 452 425
Junior high school or below 46.9 434 483
(o Occupation (%)’ - < 0.0001
None or reured 472 342 EI R
Manual 159 244 31.7
Teacher, officer holder, military 11.0 9.1 64
-— Business, professional 10.1 103 76
Service trade, other 158 |/ 220 26
Lifestyle factors
Physical activity (%) " < 0.0001
— No regular habits 298 376 533
= 1-3 times/wk 378 459 34.9
= =4 times/wk 325 16.5 118
3 Smoking habit (%)” < 0.0001
- = Nonsmoker 492 52 96
= Ex-smoker 13.7 225 6.5
§ Current smoker 37.1 723 830
= Alcohol habit (%) < 0.0001
] Nonuser 60.0 185 19.7
i Ex-user 74 222 72
= Current user 326 593 73.1
3 Dietary intake (%)
ol S Meat” < 0.0001
g Never or seldom 269 16.6 15.4
B 3-6 times/wk 421 447 431
3 1-2 times/d 232 27.1 29.1
- _g =3 umes/d T8 11.6 123
v Fish* 0.5392
FS. Never or seldom i o 14.9 17.0
1-2 umes/wk 6.5 7.8 5.0
__| 3-4 times/wk 32.1 31.5 337
5-6 umes/wk 154 200 20.0
=7 umes/wk 284 258 243
Vegetable” < 0.0001
Never or seldom 1.7 157 3.1
* 172 bowls/d 211 276 30.5
1 bowl/d 278 288 269
2 bowls/d 255 228 20.0
J =3 bowls/d 240 19.0 194
Fruit’ 0.1847
Never or seldom 25.1 238 247
1-2 umes/wk 9.7 103 7.3
J 34 times/wk 260 28.1 258
5-6 nmes/wk 93 16.2 18.2
=7 umes/wk 299 21.6 241
Bean® 0.0002
‘l Never or seldom 26.0 19.5 223
1-2 umes/wk 6.9 8.1 69
34 umes/wk 335 358 34.1
5-6 nmes/wk 16.2 199 202
-l =7 umes/wk 17.7 16.8 16.5
Milk* 0.3983
Never or seldom 346 325 357
1-2 umes/wk 53 49 34
l 34 nmes/wk 7 171 15.0
5-6 umes/wk 12.3 16.1 155
=7 umes/wk 06 294 04
l -7£>PJIJHJJI’tf )
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TABLE 1 (Continued)

Nonchewer Ex-chewer Current chewer
(n = 16 847) (n = 1569) (n = 1423) P
Coffee’ 0.0010
Never or seldom 48.7 455 415
1-2 times/wk 56 82 69
34 times/wk 1.7 17.1 149
5-6 times/wk g &) 87 10.7
=7 times/wk 263 205 26.0
Family history in second-degree
relatives (%) - 7
Diabetes® - 128 17.0 162 < 0.0001
Hypertension' 16.6 19.9 174 0.0031
Cerebrovascular discase” 7.0 99 17 0.0001
Cardiovascular disease” 59 66 58 04767
’ ANOVA. ‘ ' /
21 + SD (all such values).
! Chi-square tesl.

“ Mean score test for ordinal-scaled response measures.

RESULTS subjects aged 7079 y. There was no significant interaction be-
The distribution of demographic, lifestyle, and dietary factors ~ 1Ween age and betel-quid chewing habits on lhc_risl: of the met-
among betel-quid chewers and nonchewers is shown in Table 1. 2bolic syndrome (P = 0.09). The age-standardized prevalence
Chewers were younger, less educated, and more likely to report  "at€ of metabolic syndrome remained higher in current chewers
manual labor or service jobs as their occupation than were the ~ @nd increased, though less so, in ex-chewers as compared with
nonchewers. As far as the lifestyle factors were concerned, less ~ Ponchewers (P < 0.0001).
physical activity and an increased prevalence of smoking and The results of multiple logistic regression analysis, in which
drinking alcohol were found in betel nut chewers (P < 0.001).  betel-quid chewing habits were included together with other risk
Chewers also ate more meat, beans, and coffee and less vegeta-  factors and confounding factors, are shown in Table 3. Higher
bles than did nonchewers. There were no significant differences ~ risks for the metabolic syndrome were found with age, lower
in any other lifestyle variable between chewers and nonchewers.  education, working in service trades, regularly eating meat, reg-
Chewers had more second-degree relatives with diabetes and ~ ularly drinking milk and coffee, and a family history of diabetes

hypertension, but the rates of cardiovascular disease in second-  or hypertension. Subjects taking regular physical activity, work-
degree relatives did not differ significantly between chewers and ing in manual or service jobs, and with a regular intake of veg-
nonchewers. ctables or beans had a lower than average risk of the metabolic

Crude prevalence rates of the metabolic syndrome varied with syndrome. After adjustment for these confounding factors, the
betel-quid chewing status, being highest in current chewers and adjusted OR for the association between betel-quid usage and the
lowest in nonchewers (P < 0.0001; Table 2). When stratified metabolic syndrome in men was 1.38 (95% C1: 1.19, 1.61) and
into 10-y age groups, prevalence rates were significantly higher 1.78 (1.53, 2.08) for ex-chewers and current chewers. respec-
in current chewers or ex-chewers at all ages, except in the few uvely.

TABLE 2
The prevalence of the metabolic syndrome stratified by age in men by betel-quid chewing status and after adjustment for age: Keelung Community-based
Integrated Screening Program, 2001-2003’

Nonchewer Ex-chewer Current chewer

No. with No. with No. with

metabolic metabolic metabolic
Age group Total n syndrome Prevalence Total n syndrome Prevalence Total n syndrome Prevalence

% % %

30-39y 3647 369 10.12 575 98 17.04 594 108 18.18
40-49 y 3588 605 16.86 575 117 20.35 486 125 25.72
50-59 y 3006 664 2200 274 93 33.94 Z19 70 31.96
60-69 y 3450 830 24.06 117 35 2991 106 42 39.62
70-719 y 3156 789 25.00 28 6 21.43 18 6 3333
Total 16 847 3257 19.33 1569 349 22.24 1423 351 2367
Age-adjusted prevalence’ 15.73 22.04 2513

! Age and betel-quid chewing status were significantly associated with the metabolic syndrome (# < 0.0001 for both). There was no interaction between
age and betel-quid chewing status for the nsk of the metabohe syndrome (£ = 0.09)
? Based on the standard world population (11)
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TABLE 3
Adjusted odds ratios (aOR) for significant risk factors for the metabolic syndrome in 19 839 men identified by using multiple logistic regression models:
Keelung Community-based Integrated Screening Program, 2001-2003

aOR 95% Cl1 F
Model 1: adjusted for age
Betel-quid chewing status < 0.0001
Nonchewer 1.00 —_
Ex-chewer 1.52 1.33,1.713
Current chewer 1.80 1.58. 2.06
Model 2: adjusted for age and other confounders’
Betel-quid chewing statps < 0.0001
Nonchewer 1.00 - -—
Ex-chewer 1.38 1.19, 1.6}
Current chewer 1.78 153,208
Age < 0.0001
<40y i 1.00 =
4049y 166 | 146,188
50-59 y 2.50 2.18,2.87
6069y 304 261,354
=70y 338 287.3.97
Education 0.03
College or above 1.00 —_
Senior high school 1.15 1.02, 129
Junior high school or below 1.18 104,133
Lifestyle factors
Physical activity 0.003
No regular habits 1.00 —
1-3 times/wk 0.89 0.80, 0.98
=4 umes/wk 0.85 0.77,093
Occupation — < 0.0001
None or retired 1.00
Manual 0.79 0.70, 0.89
Teacher, officer holder, military 1.00 0.86, 1.16
Business, professional 0.84 0.72,0.98
Service trade, others 1.18 1.06, 1.33
Smoking habit 0.64
Nonsmoker 1.00 —
Ex-smoker 0.95 0.84, 1.08
Current smoker 1.00 0.92.1.10
Alcohol habit 0.01
Nonuser 1.00 L
Ex-user 1.23 1.07, 1.42
Current user 1.02 093, 1.11
Dietary intake”
Meat 113 1.08, 1.18 < 0.0001
Vegetable 091 087,094 < 0.0001
Fruit 094 0.92,097 < 0.0001
Bean 0.98 0.96, 1.01 0.2392
Fish 1.00 097.1.03 08593
Milk 104 1.02,1.07 0.0004
Coffee 1.02 1.00, 1.05 0.0555
Family history in second-degree relatives
Diabetes (yes vs no) 144 1.28, 1.61 < () 0001
Hypenension (yes vs no) 1.23 1.11,1.37 < 0.0001
Cerebrovascular disease (yes vs no) 1.08 094,125 0.3025
Cardiovascular disease (yes vs no) 1.05 0.89, 1.24 05367

2992 men were identified as betel-quid chewers, and 16 847 men were idenuified as nonchewers.

“ The overall effects for betel-quid chewing habit, age, education, physical activity, occupauon, smoking habit, alcohol habit, dictary factors, and family
history were tested by the hikelihood ratio test

* The other confounders were all risk factors significantly related to the risk of the metabolic syndrome.

* Dietary factors were analyzed after categorization into 4 groups for meat intake and into S groups for fish, vegetable, fruit, bean, milk, and coffee intakes
as shown in Table 1.
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TABLE 4

YEN ET AL

Multiple logistic regression modeling on the nsk factors associated with the metabolic syndrome in 19 839 men: Keelung Community-based Integrated

Screening Program, 2001-2003"

Variables Age-adjusted prevalence” aOR’ 95% C1
Duration of betel-quid chewing
None 1573 1.00 .
<10y 1801 1.09 0.84, 141
10-19y 26.48 1.82 1.51,2.20
=20y 2750 1.66 1.38,1.98
P for rend < (.0001
Frequency of betel-quid chewing _ .
None - 15.73 1.00
<10 pieces/d 20.71 1.37 1.16, 1.61
10-19 pieces/d 22.60 1.48 1.20, 1 .84
=20 pieces/d 34.00 275 2.17,.3.48
P for trend y i =< 0.0001 !
Cumulative exposure
None 15.73 1.00 ;
<1.0 % 10" quid-days 17.30 111 0.85, 1.46
1.0-32 x 10* quid-days 2338 1.45 1.15,1.84
>3.2-7.9 x 10* quid-days 2213 1.53 121,193
=7.9 x 10" quid-days 3293 224 1.81,276
P for trend < 0.0001
Quitting-years*
None but never chewed 15.73 1.00 !
Current chewing 25.13 1.78 1.53,2.08
<Sy 278 1.51 1.20, 1.89
S-10y 2234 1.27 0.92,1.77
>10y 14.79 0.98 0.63,1.52
P for trend < 0.0001

' The confounders adjusted for in the models included age, education level, physical activity, occupation, smoking habit, alcohol habit, dietary factors,
and family history of diabetes, hypenension, and cerebrovascular and cardiovascular disease in second-degree relatives. P values for tests for interaction
between betel-quid chewing status (ex-chewers and current chewers) and duration of use, between chewing status and rate of use, and between chewing status

and cumulative exposure were 0.85, 0.42, and 0.44, respectively.
? Based on the standard world population (11).
* Adjusted odds ratio.
* Defined as the length of ime after quitting betel-quid chewing.

Age-adjusted prevalence rates by duration of chewing, rate of
use, cumulative exposure, and quitting years and trend tests for
the corresponding dose response are presented in Table 4. Sig-
nificant dose-response effects for the association of betel-quid
chewers, including ex-chewers and current chewers, with the
metabolic syndrome for duration, rate of use, cumulative expo-
sure to the habit (duration X daily betel-quid use), and quitting
years of ex-chewers (P for trend < 0.0001 for all 4 effects) were
observed. Chewers with >20 y exposure to the habit, for exam-
ple, were 1.7 times (95% CI: 1.38, 1.98) as likely to have the
metabolic syndrome than were nonchewers, whereas those with
usage rates of >20 chews (pieces)/d or with the largest cumula-
tive exposure to the habit (quid-days) had risks that were 2.7- and
2.2-fold those of nonchewers, respectively. Regarding the effect
of cessation of chewing, the nisks among exchewers decreased
over time.

The magnitudes (ORs) of the associations of betel quid usage
with the prevalence of individual components of the metabolic
syndrome after adjustment for demographic variables, lifestyle
factors, dietary factors, and family history among second-degree
relatives in current chewers and in ex-chewers is shown in Table
5. The relations between chewing status and each of the abnor-
malities were statistically significant for waist (P = 0.0003),
macylglycerol (P < 0.0001), and hyperglycemia (P = 0.0203).

The OR for the association of betel chewing with hypertriacyl-
glycerolemia was higher than that for the other significant asso-
ciations shown in both current chewers and ex-chewers.

DISCUSSION

On the basis of a large population-based study subgroup of
men, age-standardized prevalence rates of the metabolic syn-
drome are highest in current betel-quid chewers, next highest in
ex-chewers, and lowest in nonchewers. These increases in risk
persisted after adjustment for other established metabolic syn-
drome nisk factors. Furthermore, the risks of the metabolic syn-
drome increased in relation to quid-days, the duration of betel-
quid chewing, and the cumulative exposure 1o betel. These
findings, particularly the dose-response effects, support the sug-
gestion that betel chewing is associated with an increased risk of
the metabolic syndrome. The decrease in prevalence rates of the
metabolic syndrome with increasing duration of cessation of the
habit also supports this association, except for the lower preva-
lence rate in those aged >70 y. However, this finding could
reflect increased deaths in Areca nut chewers, eg, from cancer or
from the metabolic syndrome-associated vascular disease. Al-
ternatively, this finding might be antifactual because of the small
number of subjects in this group.
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Adjusted odds ratios (aOR) for betel-quid chewing status associated with abnormalities in components of the metabolic syndrome in 19 839 men: Keelung

Community-based Integrated Screening program, 2001-2003

Ex-chewer vs Current chewer vs
Age-adjusted prevalence (%)’ nonchewer nonchewer
Nonchewer Ex-chewer Current chewer aOR 95% Cl1 aOR 95% C1 P

Model I: adjusted for age

Waist 24.50 29.16 3235 1.28 114, 1.44 1.53 1.35,1.72 < 00001

Tracylglycerol 29 65 42.18 49.02 1.68 1.51, 1.87 221 1.97,247 < 0.0001

HDL cholesterol 1223 15.13 14.26 1.37 1.19, 1.59 1.21 104,142 < 00001

Hypenension B 51.58 54.15 51.81 2 L3 1.02,1.26 1.02 091,1.14 00762

Hyperglycemia 945 10.80 11.91 1.22 1.02, 1.45 1.46 1.22,1.74 < 0000)
Model 2: adjusted for age and other confounders®

Waist 1.05 091, 1.21 135 1.17, 1.56 00003

Tnacylglycerol ' 140 123,161 190 166,219 <000]/

HDL. cholesterol { 1.21 1.01, 1.46 0.95 0.78, 1.15 0.0728

Hypentension 1.08 095,123 088 0.77, 1.01 0.0603

Hyperglycemia 1.07 087, 1.31 1.24 1.09,1.64 0.0203

! Based on the standard world population (11),

? The overall effect of betel-quid chewing status (nonchewer, ex -chewer, and current chewer) and the individual components of the metabolic syndrome

was tested by using the likelihood ratio test.

! The other confounders were education level, physical activity, occupation, smoking habit, alcohol habit, dietary factors, and family history of diabetes,
hypertension, and cerebrovascular and cardiovascular disease in second -degree relatives. This model also adjusted for each of the S components of the metabolic

syndrome.

No comparably large population-based study appears to have
been conducted that addressed the relation of betel-quid chewing
to each of the components currently defining the metabolic syn-
drome in humans, although relations with increased glycemia,
waist circumference, and weight have been reported (3-5). Our
findings may have been confounded by the use of simple grading
to assess lifestyle factors or by the lack of data on risk factors such
as vitamin D deficiency (12). However, our findings are sup-
ported by earlier work in the CD1 mouse (2), in which a sigmf-
icant proportion of young adult animals fed high doses of betel
quid for 5 d later developed central obesity (a doubling of body
weight), permanent hyperglycemia, and histologic changes in
pancreatic islets indistinguishable from those of human type 2
diabetes. Several mechanisms could account for these findings.
These mechanisms included increased sympathetic activity due
to Arecal alkaloids or damage to DNA by carcinogenic nitroso
adducts of Arecal alkaloids (1), because many similarly con-
formed nitrosamines are diabetogenic in animals (13-15) and
some, such as streptozotocin, are diabetogenic in humans (16),
Other unidentified substances, including non-arecal nitroso
compounds in Lao-Hwa betel-quid chews or in the Taiwanese
diet, could also be contributory.

In view of the findings in mice, it was surprising that the
association between betel-quid chewing and hyperglycemia
(=110 mg/dL) was smaller than for the metabolic syndrome
components such as hypertriacylglycerolemia. This may have
been due to the criterion for diagnosis of the metabolic syndrome
being based on fasting glucose concentrations, because both
impaired glucose tolerance (IGT) and type 2 diabetes (deter-
mined by oral-glucose-tolerance test) can occur with fasting nor-
moglycemia— overlap between impaired fasting glucose (1FG:
100126 mg/dL) and IGT (normal fasting glucose but elevated
2-h glucose) being found in only 21 % of Taiwanese subjects (17)
If the diagnosis of glucose intolerance had been based on 1FG,

=66.6% of the subjects found to have IGT with abnormal car-
diovascular disease profiles would have gone undetected. Sub-
Jects with IFG have abnormal B cell function (18), which sug-
gests that the effects of betel chewing on insulin release, or
secretion, may differ from the effects on insulin resistance. Ad-
ditional reports of marked contrasts between the findings on
fasting blood sugar and on the basis of hemoglobin A, _and 2-h
oral-glucose-tolerance tests, support this argument (19). Thus,
nonidentification of subjects with IGT in this study may have led
to underestimates of the association of betel-quid chewing with
hyperglycemia. The marked association of hypertnacylglycer-
olemia with betel chewing may reflect a particular sensitivity of
adipose tissue, its hormonal axis or autonomic nerve supply, o
betel-quid chewing toxicity.

The history of metabolic syndrome in first- and second-degree
relatives was included in analysis because family aggregation of
the metabolic syndrome could be conferred by both genetic fac-
tors and shared environmental and lifestyle factors. However,
limiting family history to first-degree relatives did not affect the
findings.

A major strength of the present cross-sectional study was that
it was population-based and large enough to enable us to examine
associations between betel-quid chewing and the components of
the metabolic syndrome after adjusting for a constellation of risk
factors known 1o increase the prevalence of the metabolic Syn-
drome and to look for the dose-response effects found that sup-
port the possibility of a causal relation between betel consump-
tion and the metabolic syndrome suggested by studies in the CD|
mouse (2). Although these findings suggest that betel-quid chew-
ing contributes to the development of the metabolic syndrome
and hence to the burden of diabetes and vascular disease causai-
iy, causzhity cannot be demonstrated in cross-sectional studies
such as this. The contribution of the betel habit to human disease
should, therefore, be assessed by further prospective studies.
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Confirmation of causality would enhance the importance of pri-
mary prevention and cessation programs for this habit, already
important health targets in user populations for the reduction of
cancer risks (3, 6), and might reduce the burden of metabolic
syndrome-related disease in the 600 million people currently
chewing betel nut worldwide (1).

In conclusion, significant associations were shown between
betel nut (Areca catechu) chewing and metabolic syndrome risk
in a male population with a 15.1% prevalence of betel-quid
chewing, which matched experimental findings in mice. Dose-
response effects of betel use (eg, on the duration of use, rate of
use, cumulative exposure, and quitting years) in relation to the
risk of the metabolic syndrome support this finding. However,
prospective studies are required to confirm these findings be-
cause betel-quid chewing cessation programs, already being de-
veloped to reduce the incidence of oropharyngeal cancer, could
lead to a reduction in metabolic syndrome-felated disease in the
10% of the world population (=600 million people) currently
chewing betel guid.

We arc indebted to our colleagues in the Bureau of Health in Keelung City
for implementing the Keelung Community-based Integrated Screening pro-
gram, which provided the screening results for participants that formed the
basis of the current study. The manuseript is identified as KCIS no. 13

AM-FY helped with the data retrieval, data analysis, and writing of the
draft. Y-HC assisted with the data collection and interpretation of results.
L.-SC. H-MW, and C-CH participated in the data retrieval, data management,
and interpretation of results. BJB contributed to the concepts investigated,
writing of the draft, interpretation of the results, and the writing of the
manuscrpt. TH-HC synthesized the analyses and headed the writing of
the manuscnpt. Allauthors approved the final version of the text. None of the
authors had a conflict of interest.
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Transgenerational effects of betel-quid chewing on the development
of the metabolic syndrome in the Keelung Community-based

Integrated Screening Program=*

Tony H-Hsi Chen, Yueh-H Chiu, and Barbara J Boucher

ABSTRACT ,

Background: The transgenerational metabolic effects of betel-quid
chewing have been reported in mice but not in humans.
Objective: This study aimed to determine whether exposure to paternal
chewing of betel nut quids led to an increased risk of early manifes-
tation of the metabolic syndrome (MetS) in human offspring.
Design: The subjects were selected from 66 971 residents aged > 19
y who attended a community-based Integrated Screening Programin
Taiwan and who were identified as parentchild trios (n = 5037).
Using a population-based, parent-child study design, we compared
the mean ages of offspring with MetS at entry between those who
were exposed and those who were unexposed 1o paternal chewing of
quids containing betel nut. Cox proportional hazards regression
models were used to estimate adjusted hazard ratios and to assess
dose-response relations for paternal betel-quid exposure.

Results: The offspring who were exposed to paternal betel-quid
chewing were younger than those who were not exposed, regardless
of MetS status; they also had a 2.14-fold increase in the risk of early
manifestation of MetS (adjusted hazard ratio = 2.14; 95% CI: 1.25,
3.66) after control forenvironmental and other risk factors, including
personal betel chewing. Significant dose-response relations were
found between the risk of early MetS and the quantity and duration
of paternal exposure 1o betel quids. In the absence of MetS in either
parent and of betel-quid consumption by the offspring, patemal
exposure 1o betel quids increased the risk of early manifestation of
MetS in offspring 2.53-fold (95% CI: 1.03, 2.64) compared with
paternal nonexposure.

Conclusion: Our findings suggest that exposure 1o paternal betel-
quid chewing increases the risk of early manifestation of MetS in
human offspring 1n a dose-dependent manner. Am J Clin Nutr

2006:83:688-92.

KEY WORDS Areca catechu, betel, metabolic syndrome,
uansgenerational effect, Tmwan, paternal, humans

INTRODUCTION

In addition to the established causal relation between betel-
quid (paan) chewing and oral cancer, which is independent of
chewing tobacco use (1), the effect of this habit on chronic
diseases has gained increasing atlention over the past decade.
Evidence suggesting an independent role of betel-quid chewing
in the development of type 2 diabetes has been shown in 2
population-based studies conducted in humans, one conducted in
Taiwan (2) and the other conducted in Papua New Guinea (3). In

addition to type 2 diabetes, betel-quid use has also been associ-
ated with increases in Heart rate. blood pressure, waist size, cho-
lesterol and triacylglycerol concentrations, and body weight (4 —
7). A previous experimental study in CD1 mice showed that
paternal exposure to betel nut (Areca catechu) transmits an in-
creased risk of hyperglycemia to non—betel fed first generation
offspring, especially male offspring. Furthermore, this effect was
independent of paternal or maternal hyperglycemia (8). How-
ever, no studies have, to date, investigated the possibility of
similar inheritance of betel-quid diabetogenicity in humans.
Whether the inheritance of betel-quid effects is limited to diabe-
tes or may also apply to other features of the metabolic syndrome
(Met5) associated with cardiovascular disease remains in ques-
tion (4, 6).

We recently found strong associations between betel-quid
consumption (independent of tobacco use) and features of MetS,
including its diabetogenicity, in a community-based study (2).
This led us to test the hypothesis of whether exposure to paternal
betel-quid chewing increases the risk of early development of
features of MetS in human offspring.

SUBJECTS AND METHODS

Study subjects and design

Data used in the present study were obtained from an on-going
community-based multiple screening program named the Kee-
lung community-based integrated screening (KCIS) program,
which is conducted in Keelung, the northemnmost county of Tai-
wan. The KCIS study, which is run by the Health Bureau of
Keelung City, has been in progress from the beginning of 1999
and has ethical approval from the local health committee. The
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details of the study design, implementation, early findings, fi-
nancial sources, and different committees have been described in
full elsewhere (9). In brief, the KCIS program was onginally
designed to invite women who had not had a Pap test during the
3 y preceding the start of the program for screening for factors
relating to 5 neoplastic discases and 3 nonneoplastic diseases;
other family members were also invited to participate. Of the
total population of Keelung, 66 971 residents (23%) aged =20y
gave writien informed consent, attended the KCIS program, and
had been screened by December 2003.

Because the KCIS program was implemented on a family
basis, the dataset provides an opportunity to explore thé trans-
generational effects of betel-quid consumption on MetS with the
use of a family parent-offspring study design nested within the
66 971 subjects. This cohort contained 12 138 subjects with and
54 833 sﬁbjccts without MetS. By linking the screening datasel
with the population registry that recorded the parents” name for
each resident, we could identify 10 566 parent-child trios. After
exclusion of incomplete parent-child tros (when a parent, both
parents, or the offspring had not participated in the KCIS pro-
gram), we confirmed 5037 parent-child trios eligible for inclu-
sion in the planned analyses.

Exposure and outcome

Because we were interested in the transgenerational effects of
parental betel-quid chewing on the risk of MetS, the definition of
MetS was central to the study and was made according to the
modified National Cholesterol Education Program Adult Treat-
ment Panel 111 criteria (10), ie, when abnormalities were present
in =3 of the following criteria: waist size >80 cm in women or
~00 c¢m in men, serum triacylglycerol concentrations > 150
mg/d, HDL cholesterol <50 mg/dL ( 1.29 mmol/L) in women or
<40 mg/dL (< 1.04 mmol/L) in men, blood pressure > 130 mm
Hg (systolic) or =85 mm Hg (diastolic), fasting blood glucose
~110 mg/dL (>6.1 mmol/L), and a body mass index (in kg/m?)
~725. Data for the 5 variables used in this definition of MetS (10)
were collected during the subjects” on-site screening. Weight,
height, waist and hip circumferences, and blood pressure were
measured with standard techniques by trained staff; a venous
blood sample was taken after the subjects had fasted 12 h over-
night for the measurement of plasma glucose, triacylglycerol,
total cholesterol, HDL-cholesterol, LDL-cholesterol, and uric
acid concentrations.

Information on betel-quid consumption, smoking and alcohol
habits, physical activity, dietary factors, and educational levels
was collected by face-to-face interviews during the on-site
screening. Both duration (in y) and quantity (no. of portions
chewed/d) of betel-quid usage were recorded. Two specific
points should be noted. First, because few mothers had been
exposed to betel quid (0.8%), only the relations of outcome to
paternal exposure could be analyzed, and the effects of maternal
exposure were not investigated further. Second, because fathers
may have started chewing betel quids only after the birth of the
index child, the duration of paternal exposure before birth of the
index child was calculated as the difference between the age of
the father at entry to the study (minus age at commencement of
betel-quid chewing) and the age of the index offspring atentry to
the study. Duration of paternal exposure to betel quid was ex-
amined i'n relation 1o age in offspring who were diagnosed with
MetS after 5 male offspring were excluded from the analysis
becavse paternal betel chewing had begun only after their birth.

|21

The cumulative exposure of fathers to betel-nut chewing was
calculated as the number of portions chewed/d X the duration of
chewing.

Statistical methods

The primary outcome measurement was the age of the off-
spring who were found to have MetS, as defined by =3 of the
component abnormalities, whether newly diagnosed or previ-
ously recognized. We first used multiple linear regression mod-
els 10 test whether there was any interaction between the differ-
ences in the mean age of offspring atrecruitment (stratified by
MetS status) and sex and paternal exposure 1o betel chewing.
Because the offspring without MetS at entry may not have known
whether they had MetS or when it developed (if MetS was found
to be present), we used Cox proportional hazards regression
models to estimate hazard ratios (HRs) and their 95% Cls, with
age at entry as “survival time” and regarding the status of those
who were free of MetS at entry as “censored” compared with the
“uncensored” status of those found to have MetS at entry.

To assess whether the effect of exposure to paternal betel
chewing as a risk factor for the development of MetS in the
offspring varied with sex, an interaction assessment was per-
formed with the use of the interaction variable (paternal exposure
x offspring sex) in Cox regression modeling. The findings were
then tested for independence of exposure to paternal betel con-
sumption as a predictor of risk of development of MetS by using
a univariate analysis (Cox regression model) with control for all
of the confounders identified as significant (P < 0.05).

Dose-response effects for quantity, duration, and cumulative
exposure to betel chewing were each evaluated by using trend
tests. Models incorporating quantity, duration, or cumulative
paternal exposure as ordinal variables together with potential
confounding factors [sex, vegetable consumption (>3 or =3
portions/meal), exercise (sedentary or regular), paternal and ma-
ternal MetS status, and personal betel chewing by offspring]
were compared with models that included only the potential
confounding factors identified as significant with likelihood ra-
tio testing. Departure from linearity was then examined with
respect 1o quantity, duration, or cumulative paternal exposure in
a comparison, in each case, of models that included quantity,
duration, or cumulative exposure of paternal betel use as an
ordinal vanable with models that included quantity, duration, or
cumulative exposure of paternal betel use as a categorical prop-
erty with likelihood ratio testing. All statistical analyses were
performed with SAS version 9.1 (SAS Institute, Cary, NC).

RESULTS

The findings for age and for the variables relevant to MetS in
fathers, mothers, and offspring are shown in Table 1. Regardless
of MetS status, the offspring who were exposed to paternal betel-
quid chewing were younger than the offspring who were not
exposed to paternal betel chewing [mean (+SD) age: 3092 +
8.32 compared with 38.16 = 8.0 y]. The significant confounding
factors for the presence of MetS that were i1dentified in the off-
spring were vegetable consumption, personal betel chewing by
the offspring, and parental MetS status; no significant interac-
tions were found between personal betel chewing and abnormal
iies in any vanables that were used to define MeitS in the off-
sprng. These significant confounding factors, together with
paternal betel habits, were then used in a multivariate analysis to
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TABLE 1
Descriptive data for metabolic syndrome (MetS)- defining vanables in fathers, mothers, and offspring with and without Met$ at entry to the study’

CHEN ET AL

HDL
Age Waist BMI Glucose SBP DBP Tnacylglycerol cholesterol
¥ cm kg/m’ mg/dL mm Hg mm Hg mg/diL. mg/dl
MetS
Father (n = 940) 64.2+87° 940+ 175 273+30 121.4 + 499 1447 = 19.] 864+ 116 2266 + 131.1 429 +103
Mother (n = 798) 623+ 179 859+ 81 273+35 12274502 1419+ 209 839+126 2068+ 1126 500 118
Offspring
Male (n = 260) 379 8.1 934+ 83 284 + 34 96.1 + 308 1393 = 15.7 884 + 139 2705 £ 1475 393+ 83
Female (n = 131) 396 +717 844+ 77 28.1 + 34 100.2 + 29 } 1322 + 159 85.1 107 2063 * 1185 449+177
P <0.0001 0.4961 0.1994 <0.0001 0.0090 - 0.0035 <0.0001
MetS dbsent
Father (n = 2736) 638+ 89 84.1 + 86 242+ 3] 943+ 255 134.2 £ 207 B1.B + 121 1145+ 740 545+ 126
Mother (n = 2096) 579+ 83 TI0+ 88 246+ 34 924+ 219 1269 = 202 782+ 115 106.1 + 596 622+ 135
Offspring
Male (n = 1956) 343+ 8] 803+RB6 239+ 3.6‘ 859 + 129 1235+ 16.2 7719+ 113 ¢ 118.7 * BO.6 524z 11.0
Female (n = 2690) j38+82 693 + 78 219+ 33 849+ 121 1109 = 144 715+ 99 777+ 438 619+ 128
P <0.0001 <0.0001 0.0098 <0.0001 <0.0001 <0.0001 <0.0001
P of interaction’ 0.0912 0.7398 0.2268 0.0182 0.1303 0.6089 0.1364
P of interaction” 0.0256  <0.0001 0.0017 0.0013 0.0101 0.0179 0.0043
P of interaction” 0.0017 <0.0001 0.2557 0.5407 0.0919 0.3331 0.0248

' SBP, systolic blood pressure; DBP, diastolic blood pressure.

?x + SD (all such values).

* 1 Test comparing the findings between male and female of fspring with Me1S.

* 1 Test comparing the findings between male and female offspring without MetS.

¥ Interaction in parents between sex of parent and MetS status in their offspring; identified by using linear regression modeling.
* Interaction between sex of of] fspring and MetS status of offspring: identified by using linear regression modeling.

" Interaction between MetS status, sex, and generation; identified by using lincar regression modeling.

' The American Jowrnal of Clinical Nutrition
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calculate adjusted HRs with the use of stepwise multiple regres-
sion analysis (to P < 0.05) for these factors in the of fspring. The
HRs for the risk of MetS in the offspring with relation to paternal
betel use, both unadjusted and after adjustement for potential
confounding factors, are shown in Table 2. The offspring who
were exposed to paternal betel-quid chewing had a 2-fold (un-
adjusted HR = 2.08; 95% CI: 1.22, 3.56) increase in the risk of
early manifestation of MetS compared with those who were not
exposed. The increased risk of early manifestation of MetS in the
offspring who were exposed to paternal betel-quid chewing
persisted after adjustment for confounding vanables (adjusted
HR = 2.14; 95% CI: 1.25, 3.66). The findings for each of the
MeiS-defining vanables were simular, except for hyperglycemia
[HRs (95% CI) for abnormality in waist, tnacylglycerol, HDL
cholesterol, blood pressure, and glycemia were 1.77(1.17, 2.66),
2.42(1.7,3.43),2.48(1.77,3.46),2.36(1.8,3.09),and 1.01 (0.25,
4.13), respectively].

The HRs and dose-response relations between the risk of early
manifestation of MetS in offspring and the quantity, duration,
and cumulative exposure of fathers to betel quid, after adjustment
for significant confounders including parental MetS, are shown
in Table 3. The dose effects on consumption rates, duration of
use, and cumulative exposure found for paternal betel chewing
were significant. Except for cumulative exposure (P < 0.0001),
these relations were linear (Table 3). However, the results for
cumulative exposure have to be interpreted with caution because
the numbers of fathers in the highest category of cumulative
exposure was small and may have distorted the estimates.

Three important confounding factors (the presence of mater-
nal MetS, the presence of paternal MetS, and the habit of chewing

1.4

betel quid in the offspring) for occurrence of MetS were allowed
for by additional analyses of the data after stratification by each
of these vaniables. The offspring who were ex posed to paternal
betel chewing in the absence of any of these 3 confounders had
a 2.53-fold (95% CI: 1.03, 2.64) increase in the risk of early
development of MetS compared with those who were not ex-
posed.

DISCUSSION

Our findings, which are based on a population-based, parent-
child family study, strongly suggest that exposure to paternal
betel-quid chewing leads to a significantly earlier appearance of
MetS in human offspring. This postulate is supported by 3 major
findings: /) the 2-fold increase in the risk of early development
of MetS in offspring whose fathers had chewed betel quids (after
control for environmental risk factors, parental MetS, and betel-
quid consumption in offspring); 2) the significant dose-response
relations for both the quantity and the duration of paternal betel-
quid chewing and for cumulative paternal exposure to betel quid
before the birth of the offspring; and 3) the independent 2.53-fold
increase in the risk of early development of MetS in the non-
betel chewing offspring of parents without MetS but with betel-
chewing fathers.

The use of a parent-child family study design based on a
community-based integrated screening study has several advan-
tages, including the assessment of both parents and offspring
with respect to the diagnosis of MetS at the same time rather than
relying on self-reports of MetS in parents by the offspring, as is
common in conventional epidemiologic studies. Similarly, the

2
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TABLE 2
Estimated crude and adjusted hazard ratios (HRs) for the metabolic syndrome (MetS) for paternal exposure to betel quid and for confounding factors
associated with MetS
Variable MetS/non-MetS Crude HR (95% CI) Adjusted HR (95% Cl)’
n
Paternal betel-quid chewing
Never 37714448 1.00 1.00
Current and ex chewers 14/198 2.08(1.22, 3.56) 2.14(1.25,3.66)
Confounding varniables
Sex
Female 13172690 1.00 1.00
Male & 260/1956 2.33(1.89, 2.87) 2.03 (1.62.2.54)°
Education B
High 185/2193 1.00
Low + middle 20272353 0.92(0.73, 1.13)
Exercise
Sedentary 164/1456 1.00 1.00
Usually | 22272957 f 0.65 (0.53,0.79)" 0.74 (0.60, 0.90)
Vegetable intake
Infrequent 32873246 1.00 1.00
Frequent 59/1341 0.47 (0.36, 0.63)" 0.58 (0.44, 0.77)°
Coffee intake
Infrequent 22012794 1.00
Frequent 163/1781 1.09 (0.89, 1.33)
Betel-quid chewing of offspring
Never 3124196 1.00 1.00
Current and ex chewers 76/390 2.62(204,337) 1.79(1.36, 2.35)"
Palernal MetS
No 244/3508 1.00 1.00
Yes 147/1138 1.65 (1.35, 2.03) 1.65 (1.34, 2.03)"
Matemnal MetS
No 24173653 1.00 1.00
Yes 1500993 1.37 (110, 1.71)* 1.26 (1.02, 1.55)*

! Analyzed by using Cox regression modeling; adjusted for each of the other variables that had a significant (P < 0.05) effect on the risk of MetS. There

were no significant sex of offspring X chewing interactions for any of the confounding variables, apart from education (P = 0.046).

* Significantly different from reference: “ P < 0.01,” P < 0.0001: * P < 0.05.

direct assessment of betel-quid habits in parents and offspring
were made at the same time, as was the assessment of environ-
mental factors related 1o the nsk of MetS that were controlled for

in the model.

TABLE 3

The evidence for transmission of the risk of hyperglycemia
from parents 1o offspring is weaker than for other features of
MetS. This could reflect the relative young age (<40 y) of the
offspring studied, because fasting glycemia has been shown 1o be

Adjusted hazard ratios (HRs) and dose-response relations, in terms of quantity, duration, and cumulative exposure, for the association of patemal betel-
quid chewing with risk of the metabolic syndrome (MetS) in offspring

Dose-response MetS/non-Met$§
n
Quantity (quids/d)
None 37714448
1-5 quids 4101
6-15 quids /54
>15 quids 743
Duration of betel-quid chewing
0 37774448
-5y 4/86
6-15y 193
>15y no9
Cumulative exposure
0 3774448
<5 x 10" betel quid-d 4/80
S-15 x 10" betel quid-d /86
>15 x 10° betel quid-d 232

P for depanure
HR (95% CI)’ P for trend from lineanity
<0.0001 0.6783
1.00
1.44 (D54, 3.87)
2.32(D95,564)
252(1.04,6.12)
<0.0001 0.5491
1.00
1.31(0.42,4.11)
341 (1.51,7.69)
631 (D.87,4557)
<0.0001 <0.0001

1.0

1.74 (043, 7.05)
S48 (1.72, 17 44)°
1.89(0.71, 5.09)

! Cox proportional hazard regression models were used to esumate adjusted HRs and their 95% Cls for quantity of quids used per day, duration of chewing,
and cumulative exposure after control for other factors that significantly affected MetS nsk in offspring [HR (95% Cls) for each factor— paternal MetS: 1.62
(1.32, 2.00); betel quid chewing by offspring: 1.77 (1.35. 2 32). vegetable consumption: 0.58 (0.44, 0.77); and exercise: 0.74 (0 60, 0.91)]. There were no
significant sex of offspring x chewing interactions

? Significantly different from reference, P < 0.01
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relatively weak for the detection of sustained hyperglycemia and

type 2 diabetes in previous studies conducted in Taiwan. A com-
parison of impaired fasting plasma glucose (IFG) according to

the American Diabetes Association criteria (5.6—7.8 mmol glu-
cose/L) with impaired glucose tolerance (IGT) according to
World Health Organization criteria showed that in 50% of sub-
Jects who were diagnosed according to the American Diabetes
Association criteria will have undiagnosed diabetes and 68% will
have IGT according to the World Health Organization criteria
(11). Similarly, the overlap between IFG and IGT was present in
only 21% of Taiwanese subjects in a study that examined the
relation of IFG and of IGT to cardiovascular disease risk profiles;
thus, if IFG alone Was used for screening glucose tolerance, 67%
of subjects with1GT and an abnormal cardiovascular disease risk
profile would have been undetected (12). Similar findings, which
suggested that type 2 diabetes may be a late feature of MetS in the
Taiwanese population, were reported by Anand et al (13). Our
study shows that the prevalence of MetS-defining increases in
fasting glucose was indeed higher in parents (18% in mothers and
17.2% in fathers) than in their offspring (2.9% in males and 1.8%
in females).

Several biological explanations could account for the trans-
gencrational effect of betel-quid chewing on the risk of early
development of MetS. First, genetic changes occur after damage
to nuclear DNA by the specific and carcinogenic arecal nitro-
samines that are formed in the nut, in the mouth, and during
digestion from the alkaloids found in the betel (Areca catechu)
nut (1, 14). Support for this possibility includes an increase in
chromosomal aberrations and micronucleated cells in peripheral
blood mononuclear cells of adult betel-quid chewers (15). Ad-
ditionally, remarkable increases in abnormal sperm morphology
were seen in mice that were fed arecoline or pan masala (an
aromatic chew containing betel nut) and in the sperm of human
pan masala consumers (14-16). Furthermore, several nitro-
samines similar to the arecal nitrosamines, such as the nitroso-
compound streptozocin, are known to induce type 1 diabetes
experimentally and can induce non-insulin dependent diabetes
at low dosages in young animals (17). Because the production of
gametes is a continuous process in men during their reproductive
life, and women in Taiwan rarely chew betel, the betel-related
factor responsible might be expected to affect the forming sper-
matozoa, but not oocytes, in our study population. The predom-
inance of the transmission of MetS risk by betel chewing fathers
to male offspring, rather than female offspring, in mice suggests
that any betel nut-related genetic damage might be limited to the
Y chromosome; but whether this applies in humans awaits ad-
ditional investigation as more of the subjects in this survey de-
velop MetS with age. Epigenetic phenomenon, such as increased
methylation of DNA as a result of exposure to the free radical
cascades generated by the specific arecal nitrosamines (1), could
also account for our findings. However, it may not be possible to
identify the genetic or epigenetic effects that may lead to the
transmission of MetS risk in a cohort of offspring as young as
those whom we studied, because not all affected persons will
have manifested MetS yet.

In conclusion, our study showed that exposure to paternal
betel-quid chewing is associated with dose-dependent increases
in the risk ofdeveloping MetS in offspring at an earlier age than
is seen in the offspring of non-betel-quid chewing fathers. Ten
percent of the world’s population, =600 million people, chews

12

betel nut (Areca catechu) (1). Identification of the mechanisms
underlying our findings is warranted because they might, similar
to other epigenetic phenomena, prove to be reversible. B3
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Betel nut chewing and other risk factors associated
with obesity among Taiwanese male adults
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Objective: The research aimed at examining betel nut chewing and other risk factors associated with obesity among Taiwanese
male adults.

Design: The research analyzed the data obtained by the 2001 National Health Interview Survey in Taiwan that covered all the
administrative divisions in Taiwan. Multistage stratified systematic sampling design was adopted for survey. All members of a
sampled household received the interview.

Subjects: The research analyzed questionnaires answered by nonaboriginal male respondents aged between 20 and 59 years
old, and the total number of samples analyzed read 6126. Since very few female subjects chewed betel nut, they were excluded
from the analysis.

Measurements: Criteria of obesity was defined as body mass index>27 kgfm?. The variables incorporated for analysis included
the respondents’ status of betel nut chewing, age, educational background, presence of hypertension and diabetes mellitus,
drinking and smoking status, exercise status, and demand for physical strength at job. Generalized estimating equations model
was employed to estimate the odd ratios (with 95% CI) of obesity of each independent variable.

Results: Approximately 16.2% of respondents were obese. The distribution of betel nut chewing was current chewers 15.9%,
ex-chewers 4.3%, and nonchewers 79.8%. After controlling above-mentioned independent variables, hypertension, diabetes
mellitus, betel nut chewing, never exercising, and sedentary jobs were closely associated with obesity.

Conclusion: The research found that betel nut chewing closely associated with obesity. The increased appetite of betel nut
chewers is speculated as the underlying cause. The prospective study is needed to clarify this issue. In addition to increasing the

risk of developing oral cancer, betel nut chewing seemed to be related with another health hazard: obesity.
International Journal of Obesity (2006) 30, 359-363. doi:10.1038/s).ij0.0803053; published online 23 August 2005

Keywords: betel nut; BMI; Taiwan; male

Introduction

According to the latest statistics published by the Directorate
General of Budget, Accounting and Statistics, Executive
Yuan, Taiwan has marched into a developed country with
an average GNP of US$13995. Together with the economic
growth, the prevalence of obesity among Taiwanese adults
has also exceeded 10%." The purpose of this study was to
explore the risk factors associated with obesity in Taiwan. In
addition to various commonly reported risk factors, betel nut
chewing was also included.
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pEsy

Betel nut chewing, a special habit popular among residents
in South and Southeast Asia,”? is generally believed to be a
risk factor of developing oral cancer.®*” Betel nut contains
unique alkaloid, and its major constituents — arecoline and
arecaidine - are capable of inhibiting y-aminobutyric acid
(GABA) receptor.”

The previous researches suggest that betel nut chewing can
increase body mass index (BMI)” or contribute to central
obesity.'® Obesity is an important risk factor for a legion of
chronic diseases, such as diabetes mellitus, cardiovascular
diseases, and hypertension.'’”"” However, the number of
researches studying the relationship between betel nut
chewing and body size remains fairly limited. As Taiwan is
marked by a high prevalence rate of betel nut chewing'® and
has witnessed an increasing incidence of the above-mentioned
chronic diseases, our research has accordingly examined the
relationship between betel nut chewing and body build.
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Materials and methods

Subjects

Data consulted by our research mainly came from the 2001
National Health Interview Survey in Taiwan, sampling from
all the administrative divisions in Taiwan. The cross-
sectional data used household as its smallest sampling unit,
and all the members of a sampled household received the
interview. The response rate was more than 85%.'° The
questionnaires answered hy.nonaboriginal male respondents
aged 20-59 years read 6423. Among them 297 respondents
were excluded because of incompleteness of data. Total
number of samples analyzed was 6126. Since aborigines
occupy less than 2% of :hfi total population and very few
nonaboriginal female subjects have betel nut chewing
experience (0.2% for ex-chewers and 3.1% for current
chewers), they were not included in the analysis.

Dependent variable

The World Health Organization defines obesity as
BMI>30kg/m®. This Caucasian standard corresponds ap-
proximately to >27 kg/m? for Taiwanese adults.'° Obesity,
as the dependent variable of the research, was accordingly
defined by the criterion of BM1> 27 kg/m>.

Experience of betel nut chewing

The major independent variable of the research was the
experience of betel nut chewing, and according to which
the subjects were divided into three groups: nonchewers,
ex-chewers, and current chewers. The nonchewers (includ-
ing only once or twice experience) were defined as the
reference group.

Other independent variables

Other independent variables included the respondents’ age,
educational background, presence of hypertension and
diabetes mellitus, drinking and smoking status, exercise
status, and demand for physical strength at job. Age and
educational background were treated as continuous vari-
ables. Educational background referred to the number of
years receiving primary and above education. The presence
of hypertension was defined as those receiving antihyper-
tensive agents based on the 2000-2001 National Health
Insurance outpatient and in-patient records; respondents
with no hypertension (blood pressure <140/90 mmHg)
formed the reference group. The presence of diabetes
mellitus was defined as those receiving hypoglycemic agents
based on National Health Insurance records; reference group
comprised respondents with no diabetes mellitus. Respon-
dents were divided into various groups as follow: four groups
of alcohol drinking status: nondrinkers (the reference
group), those drinking alcohol less than once a month,
those drinking alcohol once to thrice a month, and those
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drinking alcohol once a week or more often; four groups of
smoking status: nonsmokers (the reference group), ex-
smokers, occasional smokers, and regular smokers; and three
groups of exercise status: nonexercisers (the reference
group), occasional exercisers, and regular exercisers. Regular
exercisers referred to those exercising at least six times every
2-weeks, and more than 30 min each time.

Demand for physical strength at job was divided into three
different leyels in accordance with the respondents’ occupa-
tions: sedentary, intermediate, and laborious. Sedentary jobs
included physicians, lawyers and other highly professional
workers, general office workers, retired persons and people
between jobs, etc. Intermediate physical strength at jobs
incorporated construction and engineering site supervisors,
bakers, carpenters, peddlers, technicians, street cleaners,
nannies, janitors, waiters or waitresses, students, etc. Labor-
ious jobs included: construction workers, nonclerical carcer
soldiers, farmers, fisherpersons, miners, seafarers, etc.

Statistical analysis

Since individual respondents might come from the same
household, the data are similar in nature and thus there
might be a lack of independence among observations. As an
alternative approach, the generalized estimating equations
(GEE) model, which resembles the general logistic regression
model, but takes into account the dependence among
observations, was adopted to perform multiple logistic
regression analysis and to estimate the odds ratio (with
95% CI) of obesity of each independent variable.

Results

The average age was 37.5+ 10.8 years (mean+s.d.), the mean
value of BMI was 23.8 + 3.4 kg/m?, and the mean educational
years was 11.6+ 3.3 years. Breakdown of respondents by the
status of betel nut chewing read 15.9% (current chewers,
whose average length of betel nut chewing was13.4 years),
4.3% (ex-chewers, the average length of chewing 11.3 years),
and 79.8% (nonchewers) (Table 1).

As Table 2 indicates, after controlling for the other
independent variables, hypertension, diabetes mellitus, betel
nut chewing, exercising, and sedentary job were closely
associated with obesity.

Respondents who have the habit of betel nut chewing
were more likely to be obese than those who never chewed
(odds ratio 1.475, P<0.001). Also those who were ex-betel
nut chewers tended to be more obese than those who never
chewed (P=0.052). The relationship between betel nut
chewing and the respondents’ daily consumption of rice or
noodles (not incorporated into the regression model for
control) was further examined by z’-test. Results revealed
that 39.8% of current betel nut chewers took three or more
helpings of rice (noodles) per day. The percentage dropped to
36.4% for ex-chewers and decreased further to 32.1% for
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Table 2 Results of multivaniate analysis on factors associated with obesity®

Vanables Obese Nonobese Total
(n=992) (n=5134) (n=6126)
Mean age + s.d. (year) 39344101 37174109 37.53+108
Mean educational level+sd. 11.26+33 11.68+33 11.61+33
(year)
Mean BMI+s.d. 29344213 2276+ 24 2382+34
8MI group (%)
BMI =27 100.0 00 16.2
24 <BMI <27 0.0 334 28.0
BMI <24 0.0 66.6 558
Hypertension (%)
No B5.2 95.0 934
Yes 148 50 6.6
Diabetes mellitus (%)
No 92.7 970 96.3
Yes 73 30 3.7
Alcohol drinking
Never 50.7 544 538
Less than once per month 1.1 109 11.0
Once-thrice per month 1.7 12.7 125
More than once per week 26.5 220 22.7
Smoking status
Newver 423 460 454
Ex-smokers 7. 4.5 49
Occasional smokers 37 34 34
Regular smokers 46.9 46.2 46.3
Betel nut chewing
Never 739 81.0 79.8
Ex-chewers 57 4.0 43
Current chewers 20.4 150 159
Exercise status
Never 54.9 510 5.7
Occasional 246 273 269
Regular 205 216 214
Demand for physical strength ot job
Sedentary 64.9 59.0 59.9
Intermediate 25.7 286 281
Laborious 9.4 12.5 120

nonchewers. The percentage of eating less than two helpings
of rice (noodles) was 25.2% for current chewers, 29.6%
for ex-chewers, and 31.8% for nonchewers. It is obvious
that the daily consumption of rice (noodles) for betel nut
chewers was greater than that for nonbetel nut chewers
(P<0.001, z*-test) (Figure 1). However, the association of
rice (noodles) consumption and obesity was not proved
by z*-test.

Discussions

Obesity is a common chronic disease in Taiwan' and
worldwide.'®2'?? Qur analysis confirmed that betel nut

0Odds ratio (95%C1)

Age
Education background

Hypertension
No (ref )”
Yes

Digbetes mellitus -
No (ref.)
Yes

Alcohol drinking
Never (ref.)
Less than once pei month/
Once-thrice per month
More than once per week

1.004 (0.997-1.012)
0.988 (0.963-1.013)

2.757 (2.169-3.505)!

1.642(1.184-2.275)'

1.108 (0.882-1.393)
0.976 (0.779-1.222)
1.164 (0.963-1.407)

Smoking status
MNever (ref))
Ex-smokers 1.314 (0.957-1.804)
Occasional smokers 1.094 (0.753-1.588)
Regular smokers 0.BB7 (0.745-1.055)
Betel nut chewing
Never (ref.)
Ex-chewers 1.384 (D.997-1.921)

Current chewers 1.475 (1.200-1.814)"

Exercise status
Never (ref.)
Occasional 0.879 (0.739-1.046)
Regular 0.822 (0.680-0.995)*
Demand for physicol strength ot job
Sedentary (ref.)
Intermediate 0.864 (0.731-1.021)
Laborous 0.685 (0.537 0.875)

"CEE models of risk factors associated with obesity. “Ref. : reference group.
*P<0.05 "P<0.01 ‘P<0.001.

45 0%
40.0% |
35.0% !

o siz s2s o)

e
?

25.0% |
20.0% |
15.0%|

Percentage

10.0% |
5.0%|
0.0% —

Non-chewers Ex-chewers

Current-chewers

Figure 1 Relationship between betel nut chewing and daily consumption of
rice (noodles). Current chewers ate significantly more rice (or noodles) per day
than nonchewers with P<0.001 by ;* test

chewing was associated with obesity. This result echoed the
finding of a research conducted on the people of Bangladeshi
ancestry in east London.'?
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To clarify if there is any significant difference between
the 297 samples excluded from our analysis because of
their data incompleteness (incomplete samples) and the
6126 analyzed samples with complete data (complete
samples), the comparison of the two sub-samples was
executed. It was found that the incomplete samples were
older, had a lower education level, higher prevalence of betel
nut chewing, lower regular exercising rate, and a higher rate
of laborious jobs than the complete samples. We analyzed
two additional models, in which both complete and
incomplete samples were included, to adjust the potential
bias resulted from the difference between these two sub-
samples. In the first model, we assumed conservatively
all the 297 incomplete samples were nogobese, and in model
2 we assumed radically that they were all obese. Both models
showed similar results and confirmed the finding of our
original model (only included the complete samples) that
betel nut chewing was significantly associated with obesity
(data not shown).

The contribution of betel nut chewing to obesity may lie
in the fact that the alkaloid in betel nut can promote one’s
appetite by inhibiting GABA receptor.” Although our
analysis showed that betel nut chewers took more staple
food than nonchewers did, we did not have data about the
intake of calories. The assumption that the obesity of betel
nut chewers is related with increased food intake needs
further investigation.

In accordance with other reports, our study also found
that the presence of hypertension,>* ¢ diabetes melli-
tus,'%14:17.27.28 Jack of exercise,”*~” and those with sedentary
jobs?" were associated with obesity (Table 2). Respondents
who did regular exercise or laborious jobs had significantly
lower percentage of being obese, suggesting that more
physical activities do help reduce obesity.

In conclusion, betel nut chewing, the presence of
hypertension and diabetes mellitus, and sedentary lifestyle
are closely associated with obesity. Since obesity might lead
to the development of diabetes and hypertension, the
association between betel nut chewing and diabetes mellitus,
and between betel nut chewing and hypertension 1s
currently under investigation.
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Betel Nut Chewing Is Strongly Associated With General and
Central Obesity in Chinese Male Middle-aged Adults

Wen-Yuan Lin, F. Xavier Pi-Sunyer, Chiu-Shong Liu, Tsai-Chung Li, Chia-Ing Li, Chih-Yang
Huang, and Cheng-Chieh Lin

Abstract : )

Betel nut chewing has been reported to increase the risk of cardiovascular disease and all-cause
mortality. The reason is unclear. In this study, we investigated the association between betel nut
chewing and general obesity (BMI >25kg/m?) and central obesity (waist circumference (WC) >90
cm). A total of 1,049 male subjects, aged >40 years, were recruited from Taichung city in Taiwan
in 2004. The relationships beiween betel nut chewing and general and central obesity were studied
by multiple linear and logistic regression analyses. The prevalence of current and former betel nut
chewing was 7.0 and 10.5% in our male Taiwanese cohort. Current/former betel nut chewers had a
higher prevalence of general and central obesity when compared with individuals who had never
chewed betel nut. Adjusted for age, diabetes, hypertension, lipids, smoking, alcohol drinking,
physical activity, income, and education level, the odds ratios {ORs; 95% confidence intervals) of
general and central obesity among the lower consumption of betel nut chewers were 1.78 (1.07, 2.96)
and 1.19(0.70, 2.02), respectively, compared to 2.01 (1.18,3.41) and 1.89 (1.10, 3.23), respectively,
among higher consumption chewers compared to individuals who had never chewed betel nut. The
increasing ORs of general and central obesity with higher betel nut consumption revealed dose-
response effects. Using multiple linear regression analyses, after adjusting for potential confounders,
betel nut consumption was statistically significantly associated with BMI and WC. In conclusion,
betel nut chewing was independently associated with general and central obesity in Taiwanese men.
Dose-response effects of the association between betel nut consumption and general obesity as well
as central obesity were found.

INTRODUCTION

Obesity is one of the most serious problems in human health and is recognized as an important
risk factor for many chronic diseases, such as cardiovascular disease, type 2 diabetes,
hypertension, and cancer (1-6). It has also been identified as the second preventable cause of
] death (7). Obesity has increased uramatically around the world. In US adults, the prevalence
of obesity (BM1 >30kg/m?) doubled between 1986 and 2000 (8). According to the National
Bureau of Economic Research in the United States, about three-fourths of Americans =20 years
are predicted to be overweight and two-fifths to be obese by the year 2020 (9). Although the
prevalence of obesity is high and rising in developed countries, the increase is often faster in
developing nations. For example, a nationally representative survey in China from 199 1o
1999-2000 showed that the prevalence of overweight and obesity had dramatically increased
in all age groups and in both rural and urban areas (10). The increase of obesity (BMI >28kg/
m?) was more than threefold in men and twofold in women (10). The situation is similar in
many other Asia-Pacific regions. In Taiwan, based on the data of the Nutrition and Health
Surveys of 1993-1996 and 2000-2001, the prevalence of obesity (BMI 225kgfm2) in adult
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men increased from 24.7 10 33.1% (11). This dramatic increase in obesity during the past two
decades underscores that every region has its own specific preferences of food and lifestyle
behavior and it is important to identify different risk factors leading to obesity in different

regions.

Betel nut (Areca catechu) is the fourth most widely used addictive substance in the world
(12,13). There are ~600 million people who chew betel nut worldwide, most of them resident
in Asia-Pacific regions {13). Betel nut chewing is not only related to the development of oral
and esophageal cancer (12,14,15) but also to type 2 diabetes mellitus, hypertension, metabolic
syndrome, chronic kidney disease, and heart disease (16-20). In a previous study, we found
that Taiwanese men who were betel nut chewers (either current chewers or former chewers)
had an increased risk of cardiovascular disease and all-cause mortality (21). The main
component of betel nut (areca alkaloids) is an inhibitor of y-aminobutyric acid (GABA)
recepfor (11).Betel nut chewing was closely associated with BMI and it was proposed that the
underlying cause was increased appetite of betel nut chewers through the inhibitory effects of
bete! nut on the GABA receptor (22). Chang et al. and Mannan et al. also proposed that obesity
could be the possible intermediary by which betel nut chewing could increase cardiovascular
disease (22,23). However, these studies only focused on the relationship between betel nut
chewing and either general or central obesity. Furthermore, these studies did not detail the
cumulative betel nut chewing-years, so that the association between betel nut chewing and
obesity could be influenced by residual confounding. Because betel nut consumption may
increase the risk for obesity and its complications, it is important to assess the association
between betel nut chewing and obesity in Asian countries. The World Health Organization has
used BMI and waist circumference (WC) to predict obesity (6), so we investigated the
association between both general obesity (measured by BMI) and central obesity (measured
by WC) and cumulative betel nut chewing-years in Taiwanese men in a metropolitan city.

METHODS AND PROCEDURES

Subjects

The target population was Taiwan citizens aged >40 in Taichung city, Taiwan in October 2004.
There were a total of 363,543 residents in this area at this time, which represented ~4.09% of
the national population of the same age. A stratified, two-stage random sampling approach was
used for the selection of the survey sample; and the sampling rate was proportional to size
within each stage. A total of 4,280 individuals were selected. During household visits, we
identified 750 individuals who were not eligible and we excluded them from the sample. The
reasons for exclusion included death (n = 18), hospitalization or imprisonment (n = 14), living
abroad (n = 39), moving out of the home (n=411), living with relatives/children’s house (n=
7), sampling frame errors (n = 59), and not being at home during three visits made by
interviewers (n = 202). Among 3,530 individuals selected, only 2,359 agreed to participate,
Thus, the overall response rate was 66.8% (24-26). Among the 1,147 male subjects, 98
individuals did not complete the questionnaire items pertaining to betel nut chewing habits.
Therefore, the baseline subjects analyzed in the study comprised 1,049 male participants.
Female betel nut chewers were excluded because the prevalence of chewers in women was
very low (prevalence was 17.4% in men and 0.25% in female in this study). No statistical
differences were observed in age, height, weight, BMI, WC, and hip circumference among
selected subjects (n = 1,049) and excluded subjects (n = 98).

Anthropometric index and laboratory assays

Trained staff measured height, WC, hip circumference, weight, and blood pressure as described
in previous reports (24-26). The cohort was divided into BMI (kg/m?) quartiles. Blood was
drawn in the morning after a 12-h overnight fast and was sent for analysis within 4h of
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collection. Total cholesterol, high-density lipoprotein cholesterol, triglycerides, and fasting
glucose level were analyzed by a biochemical autoanalyzer (Beckman Coulter, Fullerton, CA)
at the Clinical Laboratory Department (China Medical University Hospital, Taichung,
Taiwan).

Sociodemographic factors and lifestyle behaviors

Information on selected demographic (age, gender, marital status, employment, level of
education), socioeconomic, lifestyle, and behavioral characteristics (diet history, physical
activity) including medical history were collected using self-administered questionnaires.
Marital status was coded as single (unmarried), married, and widower/divorce/separate. The
cumulative exposure to smoking, alcohol drinking, and betel nut chewing was assessed by
recording the duration (years), frequency (times/day), quantity (number/times), and ethanol
content (percent). Former users were also asked for their age at quitting. Cumulative pack-
years of smoking {vere calculated as smoking-years mul’liplied by average daily cigarette use
divided by 20. Cumulative pack-years for smokers were categorized based on an equal
distribution (low: <19.5 pack-years; high: >19.5 pack-years), so smoking status was
categorized as none (0 pack-years), low (0-19.5 pack-years), and high (>19.5 pack-years).
History of alcohol consumption was coded as drink-years (drink/day * years) in which a
“drink™ was defined as consuming 0.5 0z (13.7g) of ethanol (27). Average alcohol consumption
for each time was defined as the average amount of alcohol consumed each time across the
interviews. The average frequency of alcohol drinking was recorded as limes/week. It was
divided by 7 to get times/day. The average content of alcohol drinking was recorded as the
average percent of different ty pe of alcohol which subjects usually drink. Daily alcohol amount
for a consumed beverage was calculated as follows: “drink” = average alcohol consumption
per times x average frequency per day x average content of alcohol drinking divided by 13.7.
Drink-years for alcohol drinkers were categorized based on an equal distribution (low: <3.4
drink-year; high: >3.4 drink-years), so alcohol drinking status was divided as none, low, and

high.

Average betel nut chewing was defined as the average amount of betel nut consumed each time
across the interviews (quids/times). The average frequency of betel nut chewing was recorded
as times/day. Cumulative quids/day-years of betel nut chewing was calculated as follows: betel
nut consumed each time x daily average frequency of betel nut chewing x exposure years.
Betel nut chewing-years for chewers were categorized based on an equal distribution (low:
<76 quids/day x year; high: >76 quids/day x year). Finally, betel nut chewing status was divided
as none, low, and high. Income was divided into three levels: low (<USD 15,000/year, rate =
32:1), middle (15,000-37,500/year), and high (>37,500/year). Education was also divided into
three levels: low (elementary school and below), middle (junior and senior high school), and
high (college/university and above).

Definitions of obesity, diabetes, hypertension, and mean arterial pressure

Obesity was defined as BMI >25kg/m? and central obesity as WC >90cm, according to the
definition of the World Health Organization for Asia-Pacific area (5). Diabetes was defined as
fasting plasma glucose concentration >7.0 mmol/l or on drug treatment for diabetes.
Hypertension was defined as systolic BP >140 mm Hg or diastolic BP >90 mm Hg or on drug
treatment for hypertension. Mean arterial pressure was calculated as ((2 * diastolic BP) +
systolic BP)/3.

Statistical analysis

The data are presented as means and s.d. unless indicated otherwise. Student’s r-test and
Pearson’s y2-test were used to compare mean values for continuous and categorical variables.
Log transformation was used for variables with significant deviation from normal distribution,
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assessed by the Kolmogorov—-Smimnov test before further analyses. ANOVA test was used to
compare the continuous variables across betel nut chewing groups. The Pearson’s 12-test was
used to compare the differences in the lifestyle variables (smoking, alcohol drinking, betel nut
chewing, and physical activity) and socioeconomic factors (income and education level).
Multivariate logistic regression analyses were used to estimate the adjusted odds ratios (ORs)
and their 95% confidence intervals for the presence of general and central obesity in relation
to betel nut chewing. Three different models were derived by adjusting for different
confounders (such as age, lifestyle behavior, and laboratory assays) to minimize residual
confounding. Multiple linear regression analyses were also used to assess the association
between BMI/WE and cumulative exposure of betel nut chewing with adjustment for potential
confounders. All statistical tests were two sided at the 0.05 significance level. These statistical
analyses were performed using the PC version of SPSS statistical software (13th version; SPSS,

Chicago, IL).
i

i
Ethics approval for patient recruitment and data analyses was obtained from the Institutional
Review Board of the China Medical University Hospital.

The prevalence of current and former betel nut chewing was 7.0 and 10.5% in male Taiwanese.
The prevalence of general and central obesity was 43.5 and 33.9%, respectively. Subjects with
general obesity were younger and had higher body weight, BMI, WC, hip circumference,
systolic BP, diastolic BP, fasting glucose, triacylglycerol, and prevalence of hypertension and
lower high-density lipoprotein cholesterol than nongeneral obesity subjects (Table 1). Central
obesity subjects were older and had greater height, body weight, BMI, WC, hip circumference,
systolic BP, diastolic BP, triacylglycerol, and the prevalence of diabetes and hypertension and
lower high-density lipoprotein cholesterol than noncentral obesity subjects (Table 1). Chewers
with higher betel nut consumption were younger and had higher body weight, BMI, WC,
smoking pack-years, alcohol drink-years, triacylglycerol, income level, and education level
than nonchewers (Table 2). Using multiple logistic regression analyses with adjustment for
potential confounders, the ORs for general and central obesity were statistically higher among
chewers with higher betel nut consumption than among nonchewers (models 1-3 in Table 3).
Among these models, there was no interaction (P > 0.05) between betel nut chewing and
smoking or alcohol drinking status for predicting the risk of general and central obesity.
Adjusting for age, diabetes, hypertension, lipids, smoking, alcohol drinking, physical activity,
income, and education level, the adjusted ORs (95% confidence intervals) of general and
central obesity among the lower consumption of betel nut chewers were 1.78 (1.07, 2.96) and
1.19(0.70, 2.02), respectively, and 2.01 (1.18,3.41) and 1.89 (1.10, 3.23), respectively, among
higher consumption chewers compared with individuals who had never chewed betel quid
(model 3 in Table 3). To better understard the association between obesity and cumulative
betel nut chewing exposure, we also used rultiple linear regression analyses to clarify the
relationship between BMI and/or WC and betel nut chewing-years (Table 4). Log
transformation for mean arterial pressure, fasting glucose, and triacylglycerol were done for
normal distribution. The distribution about cumulative betel nut chewing, smoking, and alcohol
drinking was not normal, so we divided them into two dummy variables (high vs. none and
low vs. none). Afler adjusting for potential confounders, we found that BMI and WC were
strongly associated with cumulative betel nut exposure (betel nut chewing-years) (Table 4).
Smoking is another risk factor of general and central obesity. To further clarify the effect of
smoking and betel nut chewing on obesity, we analyzed the relationship between betel nut
chewing and general and/or central obesity in never smokers. Figure 1 compares those who
never smoked to never chewers. Using multiple logistic regression analyses with adjustment
for potential confounders, the adjusted ORs of general obesity (Figure 1a) and central obesity
(Figure 1b) among the lower consumption of betel nut chewers were 3.64 (0.71, 18.6) and 1.57
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(0.40, 6.22), respectively, and 2.97 (0.50, 17.9) and 6.32 (1.00, 39.7), respectively, among
higher consumption chewers. The adjusted ORs for the presence of general and central obesity
in relation to betel nut chewing were higher among never smokers than among all subjects
(Figure 1).

DISCUSSION

We have demonstrated that both general obesity and central obesity are closely associated to
cumulative betel nut chewing-years in a population-based study. Dose-response effects were
also found. Furthermore, the®ffects of betel nut chewing on obesity are remarkably increased
in never smokers. Our finding has important implications because there is a large population
in the world who is obese and chews betel nuts. A great challenge in public health in Taiwan,
as well as in other countries with a high prevalence of betel nut chewing, is to develop useful

strategies for the cessation ofibetel nut chewing. y

Few studies have addressed the association between obesity and betel nut chewing. Previous
animal studies have shown inconsistent results. For example, 2-week-old hamsters which were
fed betel quid or areca nut for 18 months showed decreased body weight (28). On the contrary,
young adult CD1 mice which were fed betel nut in standard feed for 2-6 days developed central
obesity later (29). Two epidemiological human studies support our result. In one, Yen et al.
found betel-quid chewing to be associated with central obesity in a population-based study
(16). In another, Mannan et al. found that Asian betel nut chewers in East London increased
their WC (23). Chang er al. also found betel nut chewing associated with general obesity in
Taiwan (22). However, there are no population-based studies which investigated the
relationship between betel nut chewing and both general and central obesity. Our population
-based study demonstrates that both general and central obesity (using either multiple logistic
regression or multiple linear regression analyses) are strongly associated with betel nut
chewing. Although our study is a cross-sectional one, our population is large enough to allow
us to adjust for many potential confounders, such as lifestyle factors, diabetes, hypertension,
and lipid profile, which have been shown to increase the risk of obesity, Finally, we also have
found the adjusted ORs for general and central obesity increased with the increase of
cumulative betel nut chewing-years dose, which supports the possibility of a causal association
between betel nut chewing and obesity. The dose—response relationship exists numerically, but
did not reach statistical significance between the high and low doses of betel nut chewing.

There are two possible mechanisms linking obesity and betel nut chewing. First, the main
component of betel nut (areca alkaloids) is an inhibitor of GABA receptor (12). The inhibitory
effects of betel nut on the GABA receptor may result in an increase of appetite with eventual
fat accumulation (12). Second, the areca nitrosamines derived from areca alkaloids are
diabetogenic (12,29). Tung er al have found that betel nut chewing independently contributes

. to the risk of hyperglycemia and type 2 diabetes in Taiwanese men (19). Hyperglycemia and

type 2 diabetes are closely related to insulin resistance. Betel nut chewing may induce the
development of insulin resistance, which is associated with an increase in obesity over time
(30). The exact mechanism linking betel nut and obesity is unknown and this merits further
study.

Cigarette smokers tend to have a lower BMI than nonsmokers (31). However, cigarette smokers
accumulate significantly more abdominal adiposity than nonsmokers of a similar BMI (32—
34). Although quitting smoking leads to weight gain, less upperbody fat deposition occurs than
would be expected (34). In our study, we found that subjects with central obesity had a higher
percent of current/former smokers than subjects with noncentral obesity, but this was not true
for the general obesity group (Table 1). In Table 4, even though there was no statistically
significant difference between BMI/WC and smoking status, the relationship between WC and
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smoking status trends positive and for BMI, it trends negative. This is similar to other studies
(32,33). Both betel nut chewing and smoking are independently associated with central obesity
in this study. We also analyzed the effect of betel nut chewing and smoking on obesity. In
Figure 1, we found that the adjusted ORs are higher in never smokers than in all subjects. It
seems that betel nut chewing is more important than smoking on increasing obesity, especially
in central obesity. Furthermore, the adjusted ORs for central obesity increased with an increase
of cumulative betel nut chewing dose, revealing a dose-response effect. Developing useful
strategies for the cessation of both smoking and betel nut chewing are important future
initiatives to prevent central obesity. In our previous report, we found that 83 and 64% of
current betel nut chewers areconcurrent smokers and alcohol drinkers, respectively (21). From
Table 2, we found that subjects with a higher cumulative exposure of betel nut chewing tended
to have a higher cumulative exposure of smoking and alcohol. It is likely that successful
smoking cessation will reduce the rate of betel nut chewing in areas with a hi gh prevalence of
both smoking and betel nut chewing. /

Smoking rate is increasing in most developing countries, especially in China, India, and
Indonesia which also have a high prevalence of bete! nut chewing (35). Successful smoking
cessation strategies have been developed in the United States. According to the Centers for
Disease Control and Prevention, cigarette smoking has been dropping steadily among
American adults from 42.4% in 1965 to 28.8% in 1987, and 19.8% in 2007 (36). Applying
similar smoking cessation strategies developed in United States on betel nut cessation may
result in dramatically lowering the prevalence of cigarette smoking and betel nut chewing in
Asia-Pacific countries.

We also found that physical inactivity, low income level, and low education level were
associated with cumulative betel nut chewing in this population-based study. This is similar
to previous studies (16,21).

Although we have shown that betel nut chewing is closely related to obesity, there are several
limitations to this study. First, this study is a cross-sectional one, so causality cannot be
demonstrated, Future prospective cohort studies are necessary. Second, the exposure to betel
nut chewing was from self-report questionnaires, the potential misclassification of the exposure
is possible which would probably have biased the result toward the null. However, using the
cumulative exposure of betel nut chewing to assess the relationship to obesity can minimize
the residual confounding. Furthermore, we show dose response effects between betel nut
chewing and obesity. Thus, it is impossible to cause a biased result but the true strength of
association may be weakened.

In conclusion, we have demonstrated that betel nut chewing is closely associated with general
and central obesity. Increasing cumulative doses of betel nut chewing relate to general and
central obesity, revealing a dose-response effect. As the prevalence of obesity has increased
dramatically worldwide in the past decades, it is important to identify different risk factors in
varied regions, so useful local strategies can be developed. In this study, we have identified
that betel nut chewing is a risk factor for obesity. Useful strategies for betel nut chewing
cessation should be initiated to prevent further increases in chronic diseases which may be
caused by obesity.
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Figure 1.

Odds ratios between obesity and betel nut chewing in all subjects and never smokers. Adjusted
odds ratios of having (a) general obesity and (b) central obesity in all subjects and never
smokers derived from a multiple logistic regression analysis using age, diabetes, hypertension,
lipid profile, alcohol drinking, physical activity, income, and educational level as independent
variables. In never smokers, compared to never chewers, the adjusted odds ratios of general
and central obesity arhong the lower consumption of betel nut chewers were 3.64 (0.71, 18.6)
and 1.57(0.40, 6.22), respectively, and 2.97 (0.50, 17.9) and 6.32 (1.00, 39.7), respectively,
among higher consumption chewers. *P<0.03:
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Table 1
Baseline characteristics according to status of obesity

General obesity (BMI Nonobesity (BMI <25 Centrally obese (WC Noncentrally obese

225 kg/m?) (n = 456) kg/m?) (n = 593) =90cm) (n = 356) (WC<90cm) (n = 693)
Age (years) 573+ 1180 596+ 1247 598+ 124" s81+121"
Height (cm) . 668162 16624 6.1 - 16781637 1658+ 6,07
Body weight (kg) 769+8.7/ 626+ 67 7809 37 642+ 747
BMI (kg/m?) 276423/ 2271187 277229 233:237
WC (cm) 9292 70/ 813+ 65" i 95856/ 815:58"
HipC (cm) 1015459/ 935:46/ 10261567 94.0:4 87
Systolic BP (mmHg) 1430+ 2037 1344201/ 1458 £ 20,5/ 1342+ 198f
Diastolic BP (mmHg) 856+ 1137 800+ 112/ 865:¢11 17 803+ 112/
Fasting glucose (mmol/1) 600+ 149° 5791 165" 61411657 574+ 1530
TCHOL (mmol1) 5.20+093 514109 5234096 5.13£0.93
Tracylglycerol (mmolA) 1.80+ 1397 136+ 1197 185+ 141/ 1411217
HDL-C (mmol/1) 10140257 1124030/ 100 £0247 11140307
Diabetes (%) 154 150 191/ 1.4f
Hypertension (%) 645/ 4337 702/ 434/
Alcohol drinking (%)
Never 524 556 528 55.0
Former 96 83 104 81
Current 379 36.1 368 369
Smoking(%) / f
Never 458 521 427 528
Former 26.1 204 270 208
Current 281 275 303 264
Betel nut chewing (%) 1 14 * .
Never 779 86.2 792 843
Former 140 78 138 88
Current 81 6.1 70 ‘69
Physical activity (%)
None/seldom 322 292 303 306
Regular . 678 70.8 69.7 694
Income(%e) . .
Low 445 506 469 485
Middle 419 390 409 399
High 136 104 123 115
Education (%)
Low 196 168 206 166
Middle 382 401 383 398
High 422 a3 ] al| 436
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®

o]

& General obesity (BM1  Nonmobesity (BMI <25 Centrally obese (WC Noncentrally obese

A >25 kg/m?) (n = 456) kg/m?) (n = 593) >90cm) (n = 356) (WC<9%cm) (n = 693)
Marital status (%)

Single (unmarmed) 18 25 14 26
Married 89.9 87.1 907 871
Widower/divorce/separate 83 103 79 103

Student’s r-test was used for companing mean values of cuntinuous vanables between groups (general obesity Vs. nonobesity group and centrally obese
vs. noncentrally obese group), data were shown as means + s.d Pmsou‘sxz-acstmusedl'orulegm data; data were shown as percentage

BP, blood pressure, HDL-C, high-density lipoprotein cholesterol, HipC., hip circumference, TCHOL, total cholesterol, WC, waist circumference
P<00s; I
rP <001,

IP< 0.001.
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Table 2

Demographic and laboratory characteristics according to different categories of bete! nut use

None (n = 866) Low (f?ﬁ]liddday x year; n=91)  High (>76 quids/day * year; n=92) Pvalue

Age (years) 5961 124 519492 565:108 <0.001
Height (cm) 166 6462 1665457 165345 § 0179
Body weight (kg) 6844104 " N1497 708+110 0012
BMI (‘ig;m‘) 246432 256429 258234 <0.001
WC(cm) 861288 859+ 79 . 895:94 0.001
HipC(cm) 969:65 98269 977:67 0.502
Smoking (pack-years) 9314166 SR 273205 <000}
Alcohol (drink-years) 879+392 25721235 3212715 <0.001
Systolic BP (mm Hg) 1583+ 203 1340196 140 5£23.7 0.085
Diastolic BP (mm Hg) B21+113 B29:123 849+ 129 0.081
Fasting glucose (mmol/) 5881 158 5744158 603+ 160 0455
TCHOL (mmol/l) 517092 5162 101 513+ 1.13 0907
Triacylglycerol (mmol1) 148+ 117 12111 2154216 <0.001
HDL-C (mmol/1) 1.08+0 28 1.06+0 26 106£032 0.737
Diabetes (%) 143 110 141 0.684
Hypertension (%) 531 429 565 0127
Physical activity (%) <0.001
None/scldom 26.8 462 500
Regular 732 38 500
Income(%) <0.001
Low 452 527 697
Middle 419 374 270
High 129 99 14
Educanon (%) <000}
Low 154 165 435
Middle 367 538 489
High 479 297 76
Manital status (%) 0.016
Single (unmarmied) 19 44 33 :
Marmed B9 8 B35 93
Widower/divorce/separate 83 1211 174

ANOVA test was used for companng mean \'fllues of continuous vanables between groups, data were shown as means+ s d . Pearson's 12‘151 was
used for categoncal data; data were shown as percentage

BP, blood pressure, HDL-C, high-density hipoprotein cholesterol, HipC, hip circumference, TCHOL, total cholesterol, WC, waist circumference
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Table 3

Odds ratios (95% confidence interval) of having general and/or central obesity in several different models derived
from a multiple logistic regression analysis using age, diabetes, hypertension, lipid profile, smoking, alcohol
drinking, physical activity, income, and educational level as independent variables

Betel nut chewing-years (n)  Obesity  Model i Model 2 Model 3
_ None (n = 866) General 1 00 (reference) 1.00 (reference) 1.00 (reference) 5
Low (n = 91) General | 3(109,259)° 153(095.248)  178(107,296)°
High (n=92) General | g7(121.289)7 190(1.16,310)" 201(118,341)"
: None (n = 866) Central  1.00 (reference) 1.00 (reference) 1 00 (reference) ;
Low (n = 91) Central  107(668,169) 103(062,171)  119(0.70,2.02)
High (n =92) Central | g2(118,280) 175(1.06.287)° 189(1.10,323)°

Betel nut chewing-years for chewers were categorized based on an equal dismbution (low <76 quids/day = year, high >76 quds/day * year) Model
1 unadjusted Model 2: adjusted for age, alcohol drinking, smoking, physical activity, income, and educational level Model 3 adjusted for age,
fiab hypertension, total cholesterol, high-density lipoprotein cholesterol, tnacylglycerol, smoking, alcohol dnnking, physical activity, income,
and educational level. No interaction between betel nut chewing and smoking status for predicting the risk of general obesity (P = 0.517) and central
obesity (P = 0.148); no interaction between betel nut chewing and alcohol dninking status for predicting the risk of general obesity (P = 0.407) and
central obesity (P = 0.725).

P<005,

r{-‘co.ﬁi,

'rPcOO(Jl_
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Table 4

Multiple linear regression analyses of betel nut chewing-years as a risk factor for the BMI and/or waist
circumference

BMI1 WC

Coeflicient Pvalue? Coeflicient P value®

- Betel nut chewing (quids/day-years)b. - *
High vs. none 0867 + 0.342 0031 2294 + 0947 0016
Low vs. none 0708 + 0332 0033 044220921 0631
Smoking (pack-years)? i i
High vs none 011340241 0640  0840:0668 0209
Low vs. none 0040 + 0.226 0.858 0666+ 0627 0289
Alcohol drinking (drink-years)?:¢
High vs. none 013410240 0577  0524:0665 0431
Low vs. none 0.282 +0.227 0216 0312+ 0630 0.52!
Age (years) -0030:0008 <0001  0033:0023 0161
LaMAP (mm Hg)" 6.572 +0.690 <0.001 1804+ 1912 =0.001

LnFasting glucose (mm)d 0. 788 +0 440 0.073 2918+ 1219 0017

TCHOL (mmol/1) 00690110 0528 0.365 + 0304 0.229
HDL-C (mmol/1) 2543+ 0373 <0001 =7.317+ 1.033 <0.001

LnTracylglycerol (mmolyd ~ 0.774:0.187 <0.001 22270519 <0 00]

HDL-C, high-density lipoprotein cholesterol, MAP, mean artenial pressure; TCHOL, total cholesterol; WC, waist circumference

aUSIng multiple lincar regression analyses after adjusted for physical activity, income, and education level

baml nut chewing-years for chewers, pack-years for smokers, and dnnk-vears for dnnkers were categorized based on an equal distnbution (low
<76 quids/day * year, hugh >76 quids/day * year for chewers, low <195 pack-years, lugh. > 19 5 pack-years for smokers. low: <3 4 dnink-year,
high >3 4 dnnk-years for drinkers)

“Cumulative betel nut chewing, smoking, and alcohol drinking was divided into two dummy vanables: high vs. none and low vs none

dl.og transformanon was done for normal distnbution
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Increased waist size and weight in relation to consumption of

Areca catechu (betel-nut); a risk factor for increased
glycaemia in Asians in East London
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(Received 14 December 1998 — Revised 15 June 1999 - Accepted |7 August 1999)

Type 2 diabetes is commoner in Asians than Caucasians. Many nitrosamines are diabetogenic,
causing both type 2 and type | diabetes. Of CDI mice fed with betel-nut or associated
nitrosamines 8:5% develop glucose intolerance with marked obesity. Glycaemia and anthropo-
metric risk markers for type 2 diabetes were therefore examined in relation to betel usage in 993
‘healthy” Bangladeshis by one bilingual research-worker (N.M.). Of these, 12% had known
diabetes. A further 145 of 187 subjects “at-risk” of diabetes (spot glucose >6-5S mmol/l <2 h after
food, or >4-5mmol/l >2 h after food) had a second blood glucose sample taken; sixty-one were
confirmed as ‘at-risk’, and had an oral glucose tolerance test: nine new diabetics were identified.
Multiple regression analysis showed that spot blood glucose values decreased with time after
eating (P=0-0005) and increased independently with waist size (P=0-0005) and age (P=0-0005)
without relationships to other aspects of the diet, season or smok ing. Waist size was strongly
related 1o betel usage independent of other factors such as age. Betel use interacted with sex,
relating to increasing glycaemia only in females. Since waist and age were the major markers of
increasing glycaemia we suggest that betel chewing, a habit common to about 10 % of the world
population (more than 200 million people) may contribute to the nsk of developing type 2
diabetes mellitus.
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British Asians have a 4-5-fold greater prevalence of type 2
(non-insulin-dependent) diabetes mellitus and develop the
disease earlier than Bntish Caucasians (Mather & Keen,
1985; World Health Organization, 1985; McKcigue er al.
1992). The causes of the greater numbers of foregut cancers,
tumours of the oro- and nasopharynx, oesophagus and
tongue seen in Asians compared with Caucasians include
the chewing of betel-nut, fruit of the Areca catechu palm
imported by expatriate Asian communities and eaten by
10% of the world population (Prokopczk er wl. 1987:
Johnson, 1991; Encyclopaedia Britannica, 1996;). Active
carcinogens include specific arecal nitrosamines formed
during curing and drying of the nut and in vive, after
acidification of arecal alkaloids by gastric juices (Inter-
national Agency for Research on Cancer, 1992: Nishikawa
et al. 1992). Many nitroso-compounds, including those
previously found in smoked cured Icelandic mutton
(Helgason ez al. 1984) and toxins such as the rat poison

Vacor and streptozotocin, are diabetogenic both expen-
mentally and in man (Karam e al. 1980; Okamoto er al.
1988). N-nitroso compounds are commonly thought of as
inducing type 1 diabetes. However, whilst Vacor produced
type 1 diabefes in thirty human survivors of toxic doses,
only 20 % of 250 survivors of smaller doses developed type
I diabetes, 50 % developing type 2 diabetes (Karam er al.
1980). Low-dose streptozotocin early in life can also induce
a non-insulin-requiring form of diabetes (Portha er al.
1989). We have shown that diabetes develops in 8:5% of
adult mice fed with betel-nut. The diabetes is non-insulin-
dependent, associated with marked intra-abdominal fat
deposition and enlarged and vacuolated islets as seen in
human type 2 diabetes (Boucher er al. 1991, 1994). We
suggested that betel-nut consumption might contribute to
the development of diabetes in man either directly or by an
effect on body build. The present study, a cross-sectional
survey of adult British Asians of Bangladeshi origin, was

Abbreviation: OGTT, oral glucose wolerance test,

* Corresponding author: Dr Barbara J. Boucher, fax +44 (0)171 377 7636, email B ] Boucher@mds gmw ac uk

t Present address: The Quintiles, Banle, East Sussex, TN33 01X
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carried out to determine whether there was a relatlonship
between glycaemia or central obesity (as a marker of risk
for type 2 diabetes; McKeigue er al. 1992) and betel-nut
consumption. Since vitamin D is required for normal insulin
secretion and release, vitamin D deficiency is still seen in
UK Asians and vitamin D status affects insulin response to
glucose both experimentally and in man (Bansal ef al. 1975;
Gedik & Akalan, 1986; Boucher ef al. 1995), the consump-
tion of foods on which this population depends for vitamin
D was also investigated as a possible confounder.

Methods

The study was approved by the District Ethical Committee
and details were agreed with participating family practi-
tioners. British Asian adults of Bangladeshi extraction
(n 1000), resident in Tower Hamlets, East London, were
contacted randomly as ‘well’ attenders at their family
practitioners’ surgeries. Of these, 993 subjects giving
informed consent were interviewed by a single worker
(N.M.). A questionnairc was administered on dietary
habits, including the use of betel-nut (plain or wrapped in
piper betel vine leaves as pan-quids), age of first usage and
whether either parent had chewed betel (see Appendix). A
personal and parental history of diabetes was taken and
measurements made of height (with a single fixed scale),
weight (with a single weighing scale) and waist and hip size
using standard techniques (McKeigue er al. 1992). Blood
glucose concentration was measured on a spot fingertip
capillary blood sample using BM 1-44 stix and a Reflolux
meter (Boehringer Mannheim UK, Lewes, Sussex, UK; CV
<10%), validated using glucose-oxidase specific spectro-
metry (Beckman Technical Institute, Palo Alto, CA, USA;
CV <3%). A total of 116 subjects (12 %) reported known
diabetes. Subjects (n 187) not previously known to have
diabetes, and defined as ‘at-nisk’ of diabetes by capillary
blood glucose concentrations of >6-5 mmol/l less than 2 h
after food, or >4-5 mmol/l more than 2 h after food (screen-
ing levels found to be effective for detection of diabetes in
other UK Asians; Simmonds ez al. 1991), were invited to
reattend for repeat spot sampling. Sixty-one of the 145
reattenders were still “at-risk’ and forty-four agreed to
undergo a standard oral glucose tolerapce test (OGTT),

which revealed nine of these subjects to have diabetes
(World Health Organization, 1985). One test was aban-
doned because of vomiting. Forty-two of the forty-four
‘at-nsk’ subjects undergoing an OGTT were vitamin
D deficient (serum 25-hydroxycholecalciferol <Ilng/).
Twenty-two of these subjects accepted treatment with
vitamin D, and were re-stdied as reported elsewhere
(Boucher er al. 1995). Statistical analyses included
examination of means and their differences by 1 tests, and
thé use of multiple regression (1o P < 0705). The skewed
distribution of spot blood glucose concentration was
corrected by inverse transformation (100-100/glucose,
mmol/1) for analysis, reducing the dependency of the find-
ings on values at the extremes of observagion (see Fig. 2).
This method achieved normalization of the distribution of
the data more effectively than log transformation and
resulted in regressions in the same direction as those
produced by analyses made with the untransformed data.
The computer program STATA, version 4.0, (Stata
Corporation, College Station, TX, USA) was used for the
analyses on an IBM-compatible computer.

Questionnaire evidence of betel-nut usage and of dietary
vitamin D intake was validated as follows: (1) by measure-
ment of urinary arecal nitrosamines (carried out by Dr J.
Pollock, Pollock & Pool plc, Reading, Berks,, UK) in
twenty ‘pan-chewers’ and twenty ‘non-chewers’ as identi-
fied from responses to the questionnaire; (2) by examination
of serum 25-hydroxycholecalciferol concentration (mea-
sured by radioimmunoassay; Incstar, Seattle, MN, USA)
at OGTT in relation 1o stated dietary intake of fish and eggs;
and (3) by examination of circulating serum fish-oii com-
ponents at OGTT in relation to vitamin D status and to
stated fish consumption on questionnaire as reported else-
where (Mannan, 1992).

Results

Table | shows the overall findings for age, height, weight,
waist, hip, BMI, waisthip ratio and spot blood glucose
concentration in the 988 men and women who completed
the questionnaire, had screening blood tesi(s) and under-
went anthropometric measurements. Specific arecal nitro.
samines were detected in nine of twenty spot urine samples

Table 1. Age, weight, height, waist circumference, hip circumference, body mass index, waist hip ratio, spot blood glucose concentration and
glucose concentration comrected to 2 h after food in men and women surveyed in the present study

(Mean values, standard deviations and ranges)

Men (n 466) Women (n 522)

Variable Mean SD Range Mean sD Range

s 448 149 15-83 370 12.4 15-70
Svieg{rﬁg; 66-0 108 355-1120 564 106 215-950
Height (m) 1-648 0061 146-1.83 1514 0-049 1-35-167
Waist circumference (cm) 87-0 105 61-118 800 109 51-113
Hip circumference (cm) 911 67 72-116 914 83 69-122
BMI (kg/m?) 24.3 36 164-353 246 44 10.8-429
Waist:hip ratio 095 oo 070-118 osr oor 070-110
Spot blood glucose (mmol/l) 63 32 21-271 57 25 23-228
Blood glucose (corrected to 64 32 21-271 58 24 2.3-.228

2h after food) (mmol/l)
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from stated pan or betel chewers and in .none of
twenty samples from stated non-cnewers. Both serum
25-hydroxycholecalciferol and serum 4,7,10,13,16,19-
decanoic hexaenoic acid of fish origin had earlier been

shown to be related to stated fish intake in the subjects -

undergoing a full OGTT in the present study (Mannan,
1992). Spot blood glucose concentration (corrected to 2h
after food) correlated significantly with 2h OGTT plasma
glucose in the forty-four ‘at-risk” subjects (r 0-55, P=0-01).
Pan consumption was reported in 75-2 % of subjects at 1-22
quids/d and plain betel was used by a further 2 % of subjects.
Fig. 1 shows the prevalence of consumption of areca (betel-
nut) and of previously known diabetes in relation to age and
sex. '

Analyses of waist size and weight v. pan consumption -

showed its usage to be independently associated with
increases in waist circumference of 23mm in men and
women and with increases of weight averaging 2-8kg in

100 | (a)

Pan or betel-nut chewers (%)

20

both men and women (0-8 kg after correction for increases
in waist size) as shown in Tables 2 and 2. There was no
seasonal variation in corrected screening bloed glucose
concentration before or after correction for age, waist,
weight, sex and height. Reported pan usage was greater
for parents of men than of women (95 % of mothers and
90 % of fathers v. 84% of mothers and 71% of fathers
respectively). These differences could be accounted for by
the fact that the men surveyed were 7-8 years older than the
-women and betel-nut usage increases up to the age of about
SS years (see Fig. 1). There was no independent effect of
parental pan usage on the presence of diabetes, on waist or
hip size, waist:hip ratio, weight or height.

Multiple regression was aiso used to examine thef asso-
ciation of spot blood glucose concentration with pan usage
adjusting for recognized confounding variables. Regression
models which allowed for ume from last meal, height,
weight, waist size, age and sex as well as pan consumption

2534

Prevalence of diabetes (%)

65+

Age (years)

Fig. 1. (a) Prevalence of betel-nut or pan usage and (b) prevalence of previousty known
diabetes in groups of men (@) and women (O) of different ages. Subjects were of
Bangladeshi origin and lived in Tower Hamlets, London. Values are shown with

binomial exact 68 % confidence limits
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Fig. 2. (a) Skewed distribution of spot blood glucose concentration (mmol/l) in 988
subjects of Bangladeshi origin living in Tower Hamlets. London. (b) Relationship
between untransformed spot blood glucose concentration and ‘inverse’ or trans-
formed spot blood glucose concentration (100-100/blood glucose; mmol) in the
same subjects. (c) Nommalized distribution of the ‘inverse' or transformed blood
glucose concentration values
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Table 2. Multiple regression analysis of transformed (inverse) spot blood glucose concentra-
tions® v. weight, waist circumference, interval after eating, age, sex, pan or betel consumption

and sex x pan interaction in 988 subjects of Bangladeshi origin

(Coefficients with their standard errors, f and P values and 95% confidence intervals)

Change in inverse glucose per unit variable

Coefficient SE t P 95% CI
Weight (per kg) -0-081 0029 276 0-006 -0-14, -0-023
Waist (percm) - 0-174 003 559 0-0005 011,024
Interval after meal -0-38 007 -526 -  0-0005 -052, -024
(per h)
Age (per year) 0-08 015 544 0-0005 005, 0-11
Sex (female v. male) -1-23 073 -1-69 0-091 -2:66,0-19
Pan (yes v. no) -1-69 057 -2-98 0-003 -28,-058
Sex x pan 21 08 263 ; 0009 0-53, 367
interactiont
Constant 7029 15 47.86 0-0005 674, 7315

* Inverse glucose concentration = 100 — 100/blood glucose (mmol/l).

t See p. 268

(yes or no) or for numbers of pan quids used per day (0-22)
were used. Lineanty was checked and interactions of sex
and other variables were tested. The best fitting model (see
Tables 2 and 3) included interval after eating, waist size and
age. Spot blood glucose concentrations were independently
reduced with time after eating (P=0-0005) but increased
with age (P=0-0005) and waist size (P=0-0005). No addi-
tional contribution was made by height, hip size, waist:hip
ratio, fish and egg intake or smoking in men or women. Spot
glucose concentration was found to be somewhat lower with
increasing weight, but where waist and weight are highly
correlated as in this population, then, for a given waist size,
the higher the weight the lower the glucose. These findings
were not altered by the exclusion of all subjects with
diabetes (i.e. known diabetics plus those diagnosed in the
study). Neither sex nor pan consumption had a significant
effect on blood glucose on its own. There was, however, a
significant interaction between the effects of pan usage and
sex, with some reduction in glucose concentrations in male
pan chewers but significant increases in glucose concentra-
tions in female pan chewers, analyses having been made

after adjustment for all other variables under consideration
(see Table 2). Table 3 shows the same findings using
untransformed blood glucose values. In order to demon-
strate that vanation of magnitude of this effect becomes
more marked at increasing levels of glycaemia (see Fig. 2b).

Discussion

The number of subjects studied represented 2-7 % of Asians
resident in Tower Hamlets as estimated by the 1991 census
(Office of Population Censuses and Surveys, i991). Since
50 % of this community is under 16 years old and our subjects
were all older than 16 years, approximately 4-5% of local
adult Asians were surveyed. The 12 % prevalence of known
diabetes (which together with the 2 % rewly found diabetics
gave a minimum prevalence of diabetes of 14 %) was
similar to that found in other British Asian communities.
The survey sample was therefore likely to be representative
of the local Bangladeshi community (Mather & Keen, 1985:
World Health Organization, 1985; McKeigue er al. 1992).
The 2 % prevalence of undiagnosed diabetes was a smaller

Table 3. Multiple regression analysis of untransformed spot blood glucose concentrations
{nunoh‘l) v weight, waist circumference. interval after eating, age, sex, pan or betel consumption
and sexx pan interaction in 988 subjects of Bangladeshi origin

(Coefficients with their standard errors, t and P values and 95% confidence intervals)

Change in inverse glucose per unit variable

Coefficient SE t P 95% ClI

Weight (per kg) -0-47 015 -3.24 0-001 -0.076, -019
Waist (per cm) 0.087 015 561 00005 0.06,012
Interval after meal

(per h) -0-13 004 -372 0-0005 -0-2, -006
Age (per year) 004 0007 548 0-0005 003,005
Sex (female v. male) —0-66 036 -183 0-068 -1-34,-005
Pan (yes v no) -071 028 -2-51 0012 -1-26, -0 15
Sex x pan 073 039 183 0068 -0.05, 1.51

interaction®
Constant 098 073 135 0178 -045,242
*See p 268
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proportion of total diabetes prevalence than that found on
screening white populations in the UK (averaging 50%). It
1s, however, comparable with earlier findings in Asians
(Mather & Keen, 1985; Simmonds er al. 1991), who may
be more symptomatic, attend their doctors earlier or attract
earlier screening as a known high-risk group.

Confidence in the questionnaire data is enhanced by the

fact that it was obtained by a Sylheti-speaking member of
_the local community and by the quantitative assessments
made. The negative relationship of “spot’ blood glucose
measurements (0 questionnaire-derived interval after cating
provides useful confirmation of the validity of these findings,
as does the positive relationship of the ‘spot” blood glucose
walues with 2 h venous plasma glucosg at OGTT.

The prevalence of pan usage increased with age. More
women than men chewed pan at all ages and women ate
more quids daily than men, which could account for the
finding that pan consumption relates to increases in gly-
cacmia in women but not in men. The lesser pan usage
reported for parents of the women studied compared with
those of the men reflects the fact that the women surveyed
were younger than the men, since usage in younger Asians
is believed to be falling in the UK (Bedi er al. 1995). The
reduction in pan usage in men over 55 years was modest but
raises the possibility that betel usage, known to be carcino-
genic (International Agency for Research on Cancer,
1992; Nishikawa er al. 1992), may be associated with the
increased death rates seen in this population which are
largely from IHD, a well-recognized problem in people
with diabetes (Balarajan, 1991). Altematively older betel-
nut users may be more likely than non-users to return to
Bangladesh, or the prevalence could be falling with calendar
year of birth at all ages, a cohort effect that cannot be
studied in a single cross-sectional study. The fall in pre-
valence of diabetes in men over 64 years and women over
54 years was not significant but is in keeping with the
generally accepted view that diabetes is associated with
early death in Asians even more markedly than in whites,
although again, this could reflect a tendency for older people
with diabetes to leave Britain.

Our findings confirm that increased waist size is a better
risk marker for hyperglycaemia than hip circumference,
height or waisthip ratio in Bangladeshi Asians. The
reduction in glycaemia with increasing weight must be
interpreted with caution since, as i any analysis using
multiple regression, this relationship is calculated for con-
stant values of the other factors (such as waist, age and time
after eating) used in the analyses, and heavier people are
likely to be taller for a given waist than lighter people.
Height 1s generally regarded as a protective factor for
diabetes although it was not independently related to
glycaemia in the present study.

The specific and independent relationships found for pan
consumption with anthropometric markers of diabetes nisk,
and with glycaemia, are of interest since the non-betel-fed
F1-F4 descendants of short-term betel-fed CD1 mice that
develop glucose intolerance are markedly obese. This is
especially obvious intra-abdominally, with enlarged islets
showing abnormalities similar in appearance to those found
in human type 2 diabetes (Boucher er al 1994). Since
experimental betel feeding is associated with obvious

damage to sperm heads and to the ova of betel-fed animals
on light microscopy, it is clear that arecal agents target the
gametes (Dave er al. 1992; Muhkerjee ef al. 1993). These
findings suggest that neither cross-sectional nor single
generational studies would be capable of detecting any
genetic effect of betel use in increasing susceptibility to
type 2 diabetes in man, betel-nut having been in widespread
use in many communities for over 5000 years. The impact
of as yet unknown betelinduced genetic changes will
therefore require elucidation for this aspect of the proposed
hypothesis of the diabetogenicity of betel-nut consumption
to be pursued. The situation is further complicated by the
possibility that susceptibility to betel-nut diabetogenicity
could itself be geneticaily determined in man as is the case
for the diabetogenic nitroso-compound streptozotocin in the
mouse where susceptibility depends on the H2 region of the
major histocompatability complex (Kiesel er al. 1989;
Tanaka er al. 1990).

There are several possible confounding factors that
require further study. For example thc leaves used as
wraps for pan quids contain B-carotene (Dr J. Pollock,
personal communication) which inhibits nitroso-compound
carcinogenicity and diabetogenicity in animals. These
leaves also contain hydroxy-chavicol, which, like the
betel-nut alkaloid arecaine, is a hypoglycaemic agent
(Stitch er al. 1991). It is also impossible to allow for any
unidentified maternal diabetes, or gestational diabetes, for
early death in those with diabetes (and perhaps also of
those who chew betel-nut) or for the inability to identify
normoglycaemic subjects who will later develop diabetes.

Whilst we have reported effects of vitamin D status on
insulin secretion and glycaemia in a subset of our subjects,
both in those ‘at-risk’ and ‘not-at-risk’ of diabetes, the
absence of independent effects of season or of fish and
egg intake on glycaemia (other than in the vitamin D-
deficient subgroup already reported; Boucher et al. 1995),
suggests that vitamin D status was not likely to be con-
tributing to determination of glycaemia (or to be con-
founding the findings) in the group as a whole. The major
confounder is of course likely to be pan usage in parents and
earlier progenitors which could have increased suscep-
tibility to diabetes by as yet unidentified genetic mecha-
nisms. Cross-sectional studies should prove more powerful
for the investigation of the diabetogenicity of recently
introduced dietary nitroso-compounds than for those used
over generations im man such as betel-nut.

The direct association between waist size and pan usage
15, however, of special interest since we found waist size to
be the best predictor of hyperglycaemia after age and sex in
the present study, as in previous studies (Sheligar er al.
1991). The panxsex interaction with an association
between betel usage and increased glycaemia in women
but with reduced glycaemia in men, whilst associated with
greater pan usage in women, could reflect differences in
susceptibility to diabetogenic nitroso-compounds between
the sexes. We suggest that the use of betel-nut in pan quids
adds 1o the nisk of type 2 diabetes through increased central
obesity. In addition it is clear that studies on the possible
diabetogenicity of nitroso-compounds used in the diet are
less likely to reveal any associations where the mechanisms
involved may be genetic, and the agent has been in use

Y+
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for generations, than are studies on compounds recently
introduced into the diet.
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koi t= 0 sardine AfEa
smali fish 43ick) M other L0
How many times /week do you eat fish?
FONT TS o 1w v 2
‘What is your favourite fish?
R B W @ D 2
6. Do you cat meat ? yes no
" Tl o ey == 2 an L | 0
1f yes, which type of meat ?
wfg o, & N e W= 2
mutton es no How many times/weck ?
m 0 = I"' HoBHUT 5 ﬁ: B = B T
chicken with skin yes no How many times/weck ?
TUTZST BTN 5%, L)) IS T HONT TG P A 2 woomoeemrmermmeemies e,
chicken without skin gcs no How many times/week ?
TR BTG 9157 [ T 0O A BN TG A= w2 o
7. Do you eat pan ? yes no
q* s & omg W 0 m _ B
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If no, do you cat plain betel ? yes no

= a3 ==, mﬂﬁﬁ--_]ggﬂﬁmvm] C IS
If yes, age of first use ?
aﬁywpﬁm.wmmmﬂm?

How many times /day do you chew betel ?
A =3 a1 yofa 9=

How long do you keep it in your mouth ?
=% W JIiE 5= 2

Which side of your mouth do you keepiton ? Right Left Same on both sides
O T 0T JR (T I 2 Sm O @ 0 Wi O
8. Do/did either of your parents use pan/betel ? yes no
b SR T IR R R emawe 7 ol |0
‘In{'zcs. mother yes no
&m, 7 A/THSA i U |
father yes no
TR A/ TS m O [0
9. Do you drink tea or coffee ?
»° urf= & pyafE wi= 2
Tea yes no How many cups/day?
Bl @m0 [0 LG E s E R
Coffee  yes no How many cups/day?
gm O =0 o 7 3@ e
10. Do you take sugar in tea/coffee? yes no | ;%cs. how many teaspoons/cup ?
o fRRERww: WO A O &, 9 INT TS BTG ?
Which type of sugar do you take ?  White Brown
@R ¥R 6 2= 2 AW amfe ()
Do you usc other sweeteners such as,
= g AT IEA e, o, gut (weacle) & O
honcy
other (- 2 S
11. Do you eat greens? yes no

ss>umAFEF I amiym? I 0 o |

If yes, which kinds of greens ?

x% =, o & o st oot w2
jute rfe st C
spinach o™
mustard % A 0
cabbage Ffaa w1

other o T

12. Do you smoke ? yes no
swoarfAfewmamwzme IO Ao
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Abstract

Aims/hypothesis. The aim of this study was to assess
whether the diabetogenicity of areca nut (Areca cate-
chu or ‘betel-nut’), which has previously been demon-
strated experimentally in mice, independently con-
tributes to the risk of hyperglycaemia or Type 2 diabe-
tes in men in Taiwan, where the habit has become es-
tablished relatively recently.

Methods. We used data from a population-based
cross-sectional survey and a multiple-disease-screen-
ing programme that tested for hyperglycaemia, Type 2
diabetes and risk factors related to Type 2 diabetes.
Data on habitual areca nut chewing were available for
14,816 men. Multiple logistic regression models were
used to determine whether areca nut chewing was an
independent risk factor for Type 2 diabetes.

Results. Compared with non-chewers, areca nut chew-
ers had higher age-adjusted prevalence rates for hy-
pergiycaemia (11.4% vs 8.7%) and Type 2 diabetes
(10.3% vs 7.8%). Areca nut chewing independently

increased the risk of hyperglycaemia (adjusted odds
ratio [OR] 1.19, 95% CI 0.97-1.45) and Type 2 diabe-
tes (adjusted OR 1.29, 95% CI 1.04-1.60). The inde-
pendent effects of duration of chewing were dose-de-
pendent for Type 2 diabetes (adjusted OR 1.32 for the
duration of 10-19 years and 1.41 for the duration of
220 years), as were the effects of increased rates of
areca nut chewing (adjusted OR 1.14 for <10
pieces/day, 1.30 for 10-19 pieces/day and 2.02 for
220 pieces/day); similar findings were noted for hy-
perglycaemia.

Conclusions/interpretation. The habit of chewing are-
ca nut independently contributes to the risk of both
hyperglycaemia and Type 2 diabetes in Taiwanese
men. This association is dose-dependent with respect
to the duration of areca nut use and the quantity of
areca nut chewed per day.
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Introduction

In Taiwan, areca nut chewing has become one of the
most popular lifestyle habits over the last 40 years.
The habit of chewing the nut of the Areca catechu
palm 1s commonly referred to in English as ‘betel-
chewing’, a term arising from the use of leaves from
the creeping vine Piper betle 1o wrap up chopped nuts
to form quids. Areca catechu is currently used by
about 2 million Taiwanese people (approximately
10% of the population), particularly the male ‘blue
collar’ workers and those with low levels of education
[1]. The main varieties of chews used in Taiwan are
those prepared by combining unripe areca fruit with a
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piece of the inflorescence (flower head) of the Piper
betle vine and red lime paste, or by wrapping unripe
areca fruit in leaves of the Piper betle vine with white
lime paste [2]. It should be noted that no tobacco is
added to the chews used in Taiwan. s
Chewing areca nut has been found to significantly
contribute to the development of oral cancer [3, 4],
primary hepatocellular cancer [5, 6] and oesophageal
carcinoma [7]. In addition, the arecal nitrosamines
formed from the specific arecal alkaloids [8, 9] have
been shown to be carcinogenic experimentally. Many
nitrosamines are diabetogenic, and it has been sug-
gested that arecal nitrosamines may be diabetogenic in
man [10]. However, no population-based studies in-
vestigating the d‘irec( relationship between areca nut
chewing and Type 2 diabetes have been performed to
date. The habit of areca nut chewing is now common
among Taiwanese men but, like Type 2 diabetes, this
has only occurred over the last 20+ years. This re-
duces the risk of confounding due to the possible in-
heritability of the diabetogenic effects of areca nut (as
previously reported in experimental animals [9]) or of
parental diabetes [11] in this population. This is of
particular importance since the habit has been com-
mon for 2000 years or more in virtually all other
countries where areca nut is used. Based on this fact,
the aim of the present study was to investigate the
dose-dependent effects of areca nut on the develop-
ment of Type 2 diabetes in the Taiwanese population.

Subjects and methods

Study subjects. All data were derived from the Keelung Com-
munity-based Integrated Screening (KCIS) programme. This
was a multiple-disease-screening programme that was carried
out in Keelung, the northernmost county of Taiwan, between 1
January 1999 and 31 December 2001. Details of the study de-
sign and some preliminary results have been described else-
where [12]. Briefly, a total of 42 387 subjects (including
15.097 men and 27,290 women) were enroiled in the KCIS
programme and attended a screening for Type 2 diabetes. Sub-
jects with hyperglycaemia or Type 2 diabetes were diagnosed
according to the criteria of the American Diabetic Association
(ADA) as defined in 1999 [13]. Subjects with fasting plasma
glucose levels of 26.1 mmol/l were defined as having hyper-

glycaemia and those with fasting plasma glucose levels of

>7.0 mmol/l were defined as having Type 2 diabetes. Patients
with previously diagnosed Type 2 diabetes were identified by
questionnaire. As only 231 women either reported the use of
areca nut or were ex-chewers, the present study focused on
males alone. After the exclusion of a further 281 male subjects
with incomplete data for areca nut use, the final study popula-
tion on which the present analyses were based consisted of
14,816 subjects. This project was approved by the local health
commitiee, which is run by the Taiwan Community-based Inte-
grating Group [12]. Subjects gave their consent 10 participate
in the on-site KCIS screening after being fully informed about
the survey by public health nurses with formal documentation
in Chinese.
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Data collection. Data on behavioural risk factors {smoking, al-
cohol intake and areca nut chewing) were collected at one-to-
one interviews using a structured questionnaire. The main type
of areca nut chews used in Keelung city are the so-called ‘Lao-
Hwa’, which are prepared by combining portions of unripe
areca nut with a piece of the inflorescence (fiower heud) of the
Piper betle vine and red lime paste [2]. Subjects were divided
into three categories according to areca nut use: (i) current
chewers; (i1) non-chewers (never); and (iii) ex-chewers. The
duration of areca nut use and the number of portions of areca
nut chewed each day were also recorded.

To_ investigate whether demographic and socio-economic
factors (occupation and education) differed between the areca
nut chewers and the non-chewers, these data were also collect-
ed. Occupation was classified as in the study by Hashibe et al.
[14]. Data on biological factors associated with the risk of
Type 7 diabetes were also collected, including systolic blood
pressure, diastolic blood pressure, BMI, total ¢holestero!, tri-
glyceride, blood urea nitrogen, serum creatinine, uric acid and
central obesity (as waist circumference). The univanate distri-
bution of these factors is summarised in Table 1.

Statistical analysis. The prevalences of hyperglycaemia and
Type 2 diabetes in chewers and non-chewers weie compared us-
ing the chi square test. Subjects were classified into five groups
according 1o age (<40, 40-49, 50-59, 6069 and =70 years).
Multiple logistic regression modelling was then used to investi-
gate whether areca nut chewing had an independent effect on the
risk of hyperglycaemia or of Type 2 diabetes after adjustment
for age, nsk factors associated with Type 2 diabetes and socio-
economic status. The models used were chosen to minimise re-
sidual confounding [15, 16]. Continuous confounders were ad-
justed either as linear terms or by quintile distribution. The
choice of which adjustment to use for each continuous variable
was determined by testing for departure from linearity between
two models, one including dummy vanables and the other as-
suming linearity for the variables of interest using likelihood ra-
tio testing (LRT). When the result of the LRT was significant,
the confounder in question was included after straufication into
quintiles, otherwise the linear data for the confounder was used.
Trend analysis, based on LRT, was also used to define the mod-
els for the assessment of dose-response relationships of areca
nut use with respect to the duration and the quantity or intensity
(duration x quantity) of areca nut chewed [17]. A p value of less
than 0.05 was considered significant.

Results

Table 1 shows the distribution of demographic and
biochemical data according to areca nut use. Table 2
shows the prevalence of areca nut use according to
age. The average overall usage rate was 14.4%. Ta-
ble 3 shows that the unadjusted prevalence rate for hy-
perglycaemia was 9.3% in chewers and 10.7% in non-
chewers (p=0.046). However, when divided into five
groups according to age (see Subjects and methods
section), chewers aged 50-69 years had statistically
higher prevalence rates for hyperglycaemia than non-
chewers (age 50-59 years p=0.032, age 60—69 years
p=0.002). As regards subjects aged less than 50 years,
the prevalence rates for hyperglycaemia in chewers
were still higher than those in non-chewers. This dif-
ference was not statistically significant for the group

254
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Table 1. Univariate distribution of demog
gramme, 1999-2001)

T-H. Tung et al -

raphic and biochemical variables categorized by areca nut chewing in men (KCIS pro-

Variable Areca nut chewing
Current or ex-chewérs (n=2120) Non-chewers (n=1 2,696) Total (n=14,8 16)
- Demographic variables
Age (years) 45.1210.3 55.6x13.9 54.1+14.0
Physical activity (% yes) 823 86.90 86.2
Education (%) 5 -
College or above 9.8 2 20.2» 18.7
Senior high school 414 26.8 289
Junior high school or below 48.8 53.0 524
Occupation (%)
None / 21.8 F 37.6b 353
Retired 1.7 6.1 55
Manual 353 19.5 21.8
Teacher, office holder, military 11.2 12.4 122
Business, professional 19.6 172 17.5
Service trade, others 10.4 7.3 17
Biochemical variables
BMI (kg/m?) 25.5+£3.6 24.9+3 52 25.0+3.5
Waist circumference (cm) 85.749.6 85.4+93 85449 4
Systolic BP (mm Hg) 128.2420.0 131.4+20.92 131.0+20.8
Diastolic BP (mm Hg) 83.0+11.9 82.5+11.6 82.6x11.6
Total cholesterol (mmol/1) 5.02+1.03 5.05+1.09 5.05+1.08
Triglyceride (mmol/) 1.99+2 13 1.50+1.212 1.57+1.39
BUN (mmol/1) 0.54+0.16 0.59+0.202 0.58+0.19
Creatinine (umol/l) 95.28+28.35 99.06+37.302 98.52+36.17
Uric acid (mmol/1) 0.38+0.10 0.38+0.10 0.38+0.10

Data are means + SD or percentages. = A p value of less than 0.05 for the tw
cant for continuous variables; b a p value of less than 0.05 for the chi square

ables

0 sample independent ¢ tests was considered signifi-
tests was considered significant for categorical van-

Table 2. Prevalence of areca nut chewing with age in men (KCIS programme, 1999-2001)

Age (years) n? Areca nut chewing
. Current chewers Ex-chewers Non-chewers p value for %2 test
n % n % n %

<4() 2707 398 14.7 331 12.2 1978 73] <0.0001

4049 3737 421 1.3 365 9.8 . 2951 78.9

50-59 2522 205 8.1 161 6.4 2156 85.5

60-69 3031 105 35 91 3.0 2835 3.5
>70 2819 19 0.7 24 0.9 2776 98.4
Total 14816 1148 7.8 972 6.6 12696 85.6

* See Subjects and methods section for details of population screened

aged 40-49 years (p=0.18) and of borderline statistical
significance in subjects younger than 40 years of age
(p=0.09). In subjects aged 70 years or older. non-
chewers had only a marginally higher prevalence rate
than chewers. These findings suggested that age was a
confounding factor and should be adjusted for. The
overall age-adjusted prevalence of hyperglycaemia
was 11.4% in chewers and 8.7% in non-chewers

(p<0.0001). The age at which the prevalence of hyper-
glycaemia rose above 15% was younger in chewers
than in non-chewers. Similar findings were noted for
Type 2 diabetes (Table 3).

After adjusting for age, socio-economic status, and
other biological factors, the adjusted odds ratios [ORs)|
for the association between areca nut use and the risk
of hyperglycaemia and Type 2 diabetes were 1.19

3s 3
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= Table 4. Adjusted odds ratios for significant factors of hypergly-
s caemia or Type 2 diabetes in areca-nut-chewing men using mul-
SR|pgnas tiple logistic regression models (KCIS programme, 1999-2001)
S lonoSoDS
i feekauas Model Hyperglycaemia Type 2 diabetes
& OR 95%CI  OR 95%C]
t Adjusted for age? 139 1.17-1.64 141 1.18-1.68
3 Adjusted for age 1% 0.97-1.45  129¢ 1.04-1.60
e § o 3‘_ g 23 % =2 and other confounders
3 B A S Areca nut chewer; (n=2120) vs non-chewers {n=12 696)-Hy-
5 e e T o perglycaemia was defined as a fasting plfasma glucose concen-
S eSS ?:- tration 26.1 mmol/l. * Age was divided into five groups: <40,
L A - E 4049, 50-59, 60-69 and >70 years; ® other confounders
b included obesity (yes/no), hypertension (yes/no), physical ac-
o N 3 tivity (high/low). education and occupation categorised gfs mn
2 o Table 1, total cholesterol (quintiles), tiglycende (quintiles),
S - ; 2/ creatinine (quintiles), uric acid (quintiles), BMI (quintiles).
2 v | ® oy i R i 5 and log-transformed BUN (linear term); © confounders and
8= E ‘;’ = vt i '3 their characteristics were flmtlar 1o ?hose in Ioot;:me b cxccp_)l
oy 50 g2 total cholesterol was adjusted as a linear term after log-trans-
§ &l 5 5 GTRECE é formation of values
=1 ﬁ' O o = — %
- S
on =
2 e % (95% C1097-145) and 129 (95% CI 1.04—1.60) re-
U 32 | s aiicgess P spectively (Table 4).
E %?'_“ = = S88 § § % pcAﬁer controlling for relevant factors, significant
& b P ETRERERY = dose-response relationships were noted with respect
2 3 to the duration of chewing and quantity of nuts
2 0 5 chewed (Table 5). All trend tests were statistically sig-
2 g < nificant (p<0.05). Compared with non-chewers, the
< E -y i risk of Type 2 diabetes was 1.41 times higher (95% CI
i_a_:.: E_’Q f‘*;;%ﬂf“‘: E 1.08-1.86) in those who had chewed areca nut I"or
Y - - E more than 20 years and 2.02 times higher (95% CI
2 & g i S NE 1.31-3.09) in those who had 'ch‘cwe.d more than 20
E SE| < = & pieces of areca nut per day. Similar findings, though
= z of smaller magnitude, were noted for hyperglycaemia.
b L;‘ Table 5 also shows the combined effect of usage rates
= 8 b and duration of use expressed as intensity (dura_m?n x
AL 5 § quantity). Trend tests for the intensity values divided
T 5 5 fo|lesaccms Y nto_quartiles were statistically §igniﬁcanl for hyper-
=5 _E:% S ; glycaemia (p=0.01) and Type 2 diabetes (p<0.01).
~| Bl EY %
2| &| 58 8RBL°CS £
=i Bl - 3 Discussion
e G .
= 5 % — & w3 T -'f- The present study used a population-based design 10
g €2 o= g = investigate the association between the use of areca
5 251 = - @ nut chews (the type prepared by combining areca nut,
'E;‘; S Piper betle vine leaf and lime paste) and hypcrgly-_
& = £ E caemia and Type 2 diabetes. Three major findings of
z ; z 3 this study are in agreement with previous experimen-
E 5| E % AEEETR é tal work showing that feeding areca nut to young adult
El8l08l= |TF™™ 5 = mice can induce permanent glucose intolerance in a
? - 5 signi_ﬁcanl prop(_njio_n qf animals [9]. N
£ | Z2 1 O Firstly, the associations between areca nut use and
::' 1 o == 2% | _; the risk of hyperglycaecmia or Type_ 2 diabetes re-
2| led ddaEas| 8 mained after adjustment for age, socio-economic sta-
E < VWWEEREea | & tus and potentially confounding lifestyle and biologi-

st
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Table 5. Multiple logistic regression models on the risk factors for the development of hyperglycaemia and Type 2 diabetes in men

(KCIS programme, 1999-2001)

Variables Hyperglycaemia Type 2 diabetes
OR 95% Cl Test for trend OR 95% C1 Test for trend
Duration of chewing areca nuts
No chewing 1.00 - X1y =5.62 1.00 - %1=6.63
<10 years 0.74 0.39-1.40 p=0.018 0.75 0.37-1.50 p=0.010
10-19 years 1.26 0.87-1.81 1.32 0.89-1.94
220 years 1.35 1.05-k75 141 . 1.08-1.86
Quantity of areca nuts chewed (per day)
No chewing 1.00 - X1 =4.05 1.00 - X1y=9.56
<10 pieces 1.18 0.89-1.58 p=0.044 1.14 0.83-1.56 p=0.002
10-19 pieces 1.20 0.80-1478 130 ¢ 0.85-1.98
220 pieces 1.47 0.95-2.27 2.02 1.31-3.09
Intensity of chewing (quantity x duration)®
No chewing 1.00 - ¥q1,2= 6.46 1.00 - X2=9.47
<13 1.01 0.62-1.66 p=0.010 1.08 0.64-1.80 p=0.002
13-35 1.04 0.67-1.62 1.13 0.71-1.80
3.5-93 1.25 0.84-1.85 1.16 0.75-1.80
>93 1.62 1.14-2.31 1.93 1.35-2.77

Hyperglycaemia was defined as a fasting plasma glucose level 26.1 mmol/l. The results for 14 816 subjects were analysed. * The
confounders adjusted for in this model are identical to those listed in Table 4; b values are expressed as x 10* piece-days

cal factors. This suggests an independent effect of this
particular habit. Our findings, together with more re-
cent population survey data from Papua New Guinea,
strengthen the argument for the diabetogenicity of are-
ca nut use [18].

In the present study, the younger age of onset of
Type 2 diabetes in chewers compared with non-chewers
is consistent with the fact that a study conducted in
Coventry (UK) revealed that South Asian subjects de-
veloped Type 2 diabetes at an earlier age than the Euro-
pean subjects [19]. Furthermore, these individuals re-
quired supplemental hypoglycaemic medication more
frequently and at a younger age than the Europeans
[19]. The younger age of onset observed in our study
also paralleled the increased prevalence of the areca nut
habit in younger people, reflecting the comparatively
recent uptake of the habit over the last 40 years.

The finding of significant dose-response relation-
ships between areca nut use (both in terms of quantity
and duration) and hyperglycaemia and Type 2 diabetes
suggests that an active arecal agent is directly toxic to
beta cells. It is possible that the diabetogenicity of are-
cal chews might be due to the lime paste used rather
than the areca nut. However, there have been no re-
ports to date to suggest that lime paste is either diabe-
togenic or carcinogenic, though it appears to have a
local inflammatory effect in the mouth [20]. In addi-
tion, the hyperglycaemia reported experimentaily in
mice followed the feeding of arcca nut without other
chew components [9].

In contrast with a previous study conducted in the
UK [21], significant direct associations were observed
between areca nut use and clinically damaging increases
in glycaemia. This discrepancy may reflect the much
larger population examined in the present study. Alter-
natively, it may be due to the fact that the Bangladeshi
Asians who took part in the UK study were from com-
munities that have chewed betel-quids (areca nut) for
thousands of years [21], whereas the current levels of
areca nut use in Taiwanese men have only been reached
over the last 40 years. In view of the degree of inheri-
tability of increased glycaemia (with islet damage) that
has been demonstrated experimentally in mice fed with
areca nuts, the authors of the UK study speculated that
the failure to find direct associations in areca-using
communities where the habit was long standing may re-
flect confounding by the similar inheritability of diabe-
togenic effects in man. Furthermore, it was postulated
that any association of environmental exposure to diabe-
togenic nitroso-compounds with diabetes would be
more easily detected in populations where this particular
risk factor had only recently been introduced [21]. Thus,
the relationships found between Type 2 diabetes and
arecal use in the present study are particularly pertinent,
since the recent uptake of areca nut chewing by this
population has provided a unique opportunity to test the
postulated diabetogetogenicity of this habit in man.

In conclusion, we have demonstrated an association
between areca nut chewing and Type 2 diabetes using
a population-based study in a community in which the
habit is of recent origin.

;&5@5 7



A population-based study of the association between areca nut chewing and Type 2 diabetes mellitus in men 1781

Acknowledgements. We are indebted to Y.-D. Chen, P-E. Wang,
T-T. Wang, Y.-L. Shih, H.-L. Kuo, H.-C. Lee, S.-Y. Hu, C.-L.
Wu, Y.-FE. Huang, H-C. Chen and M.-S. Chung from the Health
Bureau of Keelung City who were involved in organising and
overseeing the KCIS programme, and to C.-H. Chen and B.V.
North from the Chang-Gung Memonial Hospital of Keelung for
advice on the reporting of the statistical methodology.

References

1. Ko YC, Chiang TA, Chang Sl. Hsieh §F (1992) Prevalence
of betel quid chewing habit in Taiwan and related sociode-
mographic factors. J Oral Pathol Med 21:261-264

2. Yang YH, Lee HY, Tung S, Shieh TY (2001) Epidemiolog-
ical survey of oral submucous fibrosis and leukoplakia in

! aborigines of Taiwan. J Oral Pathol Med 30:213-219

3. International Agency for Research on Cancer (1985) IARC
monographs on the evaluation of carcinogenic nsk of
chemicals to humans, vol. 37. Tobacco habits other than
smoking: betel-quid and areca nut chewing; and some re-
lated nitrosamines. International Agency for Research on
Cancer, Lyon, pp 141-202

4. Ko YC, Huang YL, Lee CH, Chen MI, Lin LM, Tsai CC
(1995) Betel quid chewing, cigarette smoking and alcohol
consumption related to oral cancer in Taiwan. J Oral Pathol
Med 24:450-453

5.Sun CA, Wu DM, Lin CC et al. (2003) Incidence and co-
factors of hepatitis C virus-related hepatocellular carcino-
ma: a prospective study of 12,008 men in Taiwan. Am J
Epidemiol 15:674-682

6. Tsai JF, Chuang LY, Jeng JE et al. (2001) Betel quid chew-
ing as a nisk factor for hepatocellular carcinoma: a case-
control study. Br ] Cancer 84:709-713

7. Wu MT, Lee YC, Chen CJ et al. (2001) Risk of betel chewing
for oesophageal cancer in Taiwan. Br J Cancer 85:658-660

8. Jeng JH, Chang MC, Hahn LJ (2001) Role of areca nut in
betel quid-associated chemical carcinogenesis: current
awareness and future perspectives. Oral Oncol 37:477-492

9. Boucher BJ, Ewen SWB, Stowers JM (1994) Betel nut
(Areca catechu) consumption and the induction of glucose
intolerance in adult CD1 mice and in their F1 and F2 off-
spring. Diabetologia 37:49-55

10. Boucher BJ, Mannan N (2002) Metabolic effects of the
consumption of Areca catechu. Addict Biol 7:103-110

11. Chen KT, Chen CJ, Gregg EW, Engelgau MM, Narayan
KM (2001) Prevalence of Type 2 diabetes mellitus in Tai-
wan: ethnic variation and risk factors. Diabetes Res Clin
Prac 51:59-66

12. Chen THH, Chiu YH, Luh DL et al. (2004) Community-
based multiple screening model: design, implementation,
and analysis of 42,387 participants. Cancer 100:1734—-1743

13. Amernican Diabetes Association (1999) Amernican Diabetes
Association: clinical practice recommendations 1999, Dia-
beies Care 22 [Suppl 1]:S1-S114

14. Hashibe M, Jacobe BJ, Thomas G et al. (2003) Socioeco-
nomic status, lifestyle factors and oral premalignant le-
sions. Oral Oncol 39:664-671

15. Austin PC, Brunner 1.J (2004) Inflation of the type 1 error
rate when a continuous confounding variable is categorized
in logistic regression analyses. Stat Med 23:1159-1178

16. Becher H (1992) The concept of residual confounding in
regression models and some applications. Stat Med 11:
1147-1158

17. Clayton D, Hill M (1993) Statistical models in epidemiolo-
gy. Oxford University Press, Oxford

18. Benjamin AL (2001) Community screening for diabetes in
the National Capital District, Papua New Guinea: is betel-
nut chewing a nsk factor for diabetes? P N G Med )
44:101-107

19. Simmons D, Powell MJ] (1993) Metabolic and clinical
characternistics of south Asians and Europeans in Coventry.
Diabet Med 10:751-758

20.Lee MJ, Hsu ID, Lin CL, Lin MH, Yuan SC, Wang CJ
(2002) Induction of epidermal proliferation and expres-
sions of PKC and NF-kappaB by betel quid extracts n
mouse: the role of lime-piper additives in betel quid. Chem
Biol Interact 140:35-48

21. Mannan N, Boucher BJ, Evans SIW (2000) Increased waist
size and weight in relation to consumption of Areca cate-
chu (betel-nut): a nisk factor for increased glycaemia in
Asians in east London. Br J Nutr 83:267-275

22. Waterhouse ], Mun CS, Correa P, Powell ] (1976) Cancer
incidence in five continents, Vol 3. IARC Scientific Publ-
cations, Lyon

1356

(



|

e B

/'I"V'/P\z »f'-AUU'J { 2 -(3

P N G Med J. 2005 Sep-Dec;48(3-4):174-82.

Betelnut chewing: a contributing factor to the poor glycaemic control in

diabetic patients attending Port Moresby General Hospital, Papua New
Guinea.

Benjamin AL, Margis D. -

School of Medicine and Health Sciences, University Jof Papua New Guinea, Port Moresby.
i

Abstract

This descriptive study was conducted in the Diabetes Clinic of the Port Moresby General Hospital for 6 months, from
July to December 2002. The aim was to document the usage and effects of betelnut chewing in diabetic patients. 210
patients were randomly selected from the list of patients in the appointment book, using a random number table.
Betelnut chewing caused hyperglycaemia and diabetes mellitus in animal models. It was significantly associated with
high fasting capillary blood glucose and was an independent risk factor for type 2 diabetes mellitus. In this study, the
majority of patients with diabetes were in the older age group (> or = 45 years) and many of them were overweight or
obese. The majority of patients had lived in the city of Port Moresby for many years before their diagnosis. 74% of
diabetic patients chewed betelnut before their diagnosis and had continued the habit while undergoing treatment for
diabetes. The majority (80%) of patients had poor glycaemic control as indicated by the high mean of their most
recent blood glucose, which was 13.0 mmol/l in male and 131 mmold in female patients; these leveis were not much
lower than those at diagnosis. The mean follow-up of patients in the clinic was 6.2 years. On the balance of evidence,

betelnut is a contributing factor to the poor glycaemic control in diabetic patients attending Port Moresby General

Hospital.



J Toxicol Clin Toxicol. 1996;34(6):741-5.

The milk-alkali syndrome caused by betelnuts in oyster shell paste.

Wu KD, Chuang RB, Wu FL, Hsu WA, Jan IS, Tsai KS.

Department of Laboratory Medicine, National Taiwan University Hospital, Taipei, Taiwan.

Abstragt ‘
BACKGROUND: The carcinogenic effect of bete‘InM chewing leading to oral cancer is well known. Betelnut chewing
may also affect the autonomic nervous system. In this report, we present another potential hazard of betelnuts, milk-
alkali syndrome.

CASE REPORT: Two patients who had chewed a large quantity of betelnuts developed hypercalcemia, metabolic
alkalosis, and renal insufficiency. They ingested a large amount of calcium carbonate from a local special paste used
for betelnut preparation, the main ingredient of which is ground oyster shell. The symptoms and metabolic
abnormalities disappeared promptly after abstinence from betelnut chewing and administration of saline solution.
Improvement of renal function was observed in both patients. Analysis of the calcium content of the paste suggested
that the patients might have ingested 9 g and 6 g of calcium carbonate per day, respectively.

CONCLUSION: This is the first report of milk-alkali syndrome not caused iatrogenically, but by recreational usage of

oyster shell preparations of betelnuts.
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Vitamin D Metabolism in Peripheral Blood Mononuclear

Cells Is Influenced by Chewing “Betel Nut” (Areca
catechu) and Vitamin D Status

William B. Ogunkola‘de,* Barbara J. Boucher,* Stephen A. Bustin, Jacky M. Burrin, Kate Noonan,

Nasima Mannan, and Graham A. Hitman

Centers for Diabetes and Metabolic Medicine and Academic Surgery, Institute of Cell and Molecular Science (W.B.O., B.J.B.,
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Context: Vitamin D deficiency, common in South Asians, is a risk
factor for metabolic syndrome, type 2 diabetes, and ischemic heart
disease. Vitamin D receptor (VDR) activation depends on activated
vitamin D [1,25-dihydroxyvitamin D (1,25(0H),D)] concentration,
reflecting opposing actions of 25-hydroxyvitamin D-la-hydroxylase
[1-a{OH)ase] for formation and 25(0OH)D-24-hydroxylase [24(OH)ase]
for catabolism. We previously reported that circulating 1,25(0H),D
contributed to determination of VDR-protein levels and VDR geno-
type was a determinant of both VDR mRNA and VDR-protein in

South Asians.

Objective: We hypothesized that chewing betel nut, an addictive
habit common throughout South Asian communities, contributes to
hypovitaminosis-D by modulating the enzymes regulating circulating
1,25(0H),D concentration.

Design: Peripheral blood mononuclear cell (PBMC) 1-«{OH)ase and
24(OH)ase mRNA concentrations were measured and examined in
relation to cross-sectional data on the vitamin-D axis, diet, smoking,

and betel usage, including PBMC VDR-RNA and VDR-protein con-
tent in a pilot study of 33 healthy British Bangladeshis.

Results: PBMC 24(OH)ase mRNA correlated positively and serum
1,25(0H),D negatively with betel quids per day (r = 0.49, P = 0.006
andr = ~0.486, P = 0.006, respectively). Independent determinants
for 24(0OH)ase included betel quids per day (P < 0.0001) and serum
25-O0HD (P = 0.024). Independent determinants for serum
1,25(0H),D were gender, smoking, and betel quids per day. PBMC
1-a{OH)ase mRNA correlated inversely with VDR mRNA (r = —0.44;
P = 0.013); its independent determinants were serum 1,25(0H),D
and VDR Tagl and Bsml polymorphisms (P = 0.03-0.0001).

Conclusions: Betel chewing is a more powerful independent deter
minant of increased 24(0OH)ase expression and of decreased serum
caleitriol than serum 25-OHD, supporting the hypothesis that this
habit could aggravate the effects of vitamin-D deficiency. (J Clin
Endocrinol Metab 91: 2612-2617, 2006)

ITAMIN D, WHETHER DIETARY or formed in the skin

by UV radiation, is hydroxylated to 25-hydroxyvita-

min D (25-OHD) in the liver and, once bound to circulating
vitamin D binding proteins, has a half-life of several weeks
(1, 2). Serum levels of 25-OHD are accepted as reflecting
vitamin D “status” (3, 4). Activation of 25-OHD by 25-hy-
droxyvitamin D-la-hydroxylase [1-a(OH)ase] to form hor-
monal vitamin D [1,25-dihydroxyvitamin D; calcitriol
(1,25(0OH),D)] was first thought to take place solely in the
kidney but is now recognized in many extrarenal tissues (5).
Tissues such as circulating monocytes [peripheral blood
mononuclear cells (PBMCs)], pancreatic islets, vascular wall,
brain, colon, and breast express both the 1-a(OH)ase enzyme
and the vitamin D receptor (VDR) and, in addition, the en-
zyme 25(0OH)D-24-hydroxylase [24(OH)ase] that inactivates

First Published Online May 2, 2006

* W.B.O. and B.).B. are joint first authors.

Abbreviations: 1-a(OH)ase, 25-Hydroxyvitamin D-1a-hydroxylase;
24(OH)ase, 25(0OH)D-24-hydroxylase; 25-OHD, 25-hydroxyvitamin D;
1,25(0H).D, 1,25-dihydroxyvitamin D (calcitriol), PBMC, peripheral
blood mononuclear cell; VDR, vitamin D receptor
JCEM is published monthly by The Endocrine Society (http//www.
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1,25(0H),D and probably also 25-OHD (5, 6). Circulating
PTH contributes to the up-regulation of renal 1-«(OH)ase
activity, and its secretion itself is suppressed by 1,25(0OH).D,
providing a feedback mechanism, reducing the risk of vita-
min D toxicity (1, 2). However, it is not believed that PTH
affects 1-a(OH)ase expression directly in other tissues such
as the PBMC, even though macrophages produce hormon-
ally active vitamin D. Furthermore, locally produced
1,25(0OH),D will recruit monocytes into the differentiation
process, leading to increased macrophage production, as
demonstrated in monocyte culture (7), although the mech-
anisms regulating these extrarenal processes are yet to be
understood fully (8).

The “classical” actions of vitamin D ensure the mainte-
nance of calcium and phosphate homeostasis and of ade-
quate bone ossification (1, 2), but the “nonclassical” actions
of vitamin D affect many other tissues in humans These
include pancreatic islet insulin secretion, insulin resistance,
the immune system, and the induction of cellular differen-
tiation (9-14). Such nonclassical actions may explain why
vitamin D deficiency is linked to increased cancer risks in
many organs where the VDR is expressed (e.g. breast, colon,
ovary, and prostate) as well as associations with other con-
ditions (13, 14).
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Vitamin D deficiency is also associated with increased risk,
and severity, of chronic inflammatory disorders including
tuberculosis and leprosy (15, 16) and, in early life, with in-
creases in autoimmune disorders such as type 1 diabetes in
childhood and early adult life (17-20). These phenomena
may reflect reductions in the monocyte activation and dif-
ferentiation into macrophages and dendritic cells induced by
activated vitamin D, as found in vitro (6-8). During this
differentiation VDR expression falls, whereas that of the
1-a(OH)ase increases (7), suggesting that VDR expression in
healthy PBMCs should be inversely related to expression of
the 1-a(OH)ase when examined in subjects of varying vita-
min D status.

Vitamin D deficiency remains common in Indian Asian
immigrants and their d dants, but is also seen in healthy
South Asians living in sunny climates (9-11 21, 22). Most
studies attribute the high prevalence of vitamin D deficiency
to cultural and dietary habits. In addition, an alteration in
vitamin D metabolism has been postulated recently in South
Asians after the finding of increased 24(OH)ase activity in
skin fibroblasts in Amenican South Asians compared with
American white subjects (23). This increase in 24(OH)ase
would be expected to lead to increased catabolism of the
active metabolite 1,25(OH),D and perhaps of 25-OHD, wors-
ening the effects of hypovitaminosis D. Failure of British
South Asians to respond fully to supplementation (24) may
be explained by this finding. We have previously shown, in
British South Asians, that circulating levels of calcitriol [hor-
monal vitamin D; 1,25(0OH),D] contribute to the determina-
tion of VDR protein levels in vivo and, in addition, that VDR

genotype is a significant determinant of both VDR mRNA
and protein levels in PBMCs (25). Because production of
activated vitamin D is increased in vitamin D deficiency (1,
2, 26), it is likely that VDR genotype contributes to the feed-
back control mechanism determining vitamin D activation.
Therefore, we have hypothesized that the clinical effects of
this deficiency could be influenced by genetic, environmen-
tal, or dietary factors specific to this population.

An obvious candidate is the addictive habit of betel chew-
ing. Nuts of the Areca catechu palm are wrapped in leaves of
the Piper betle vine, usually spread with lime paste, to form
quids, or “chews” (sometimes called “pan” or "pqan"). In
some communities (including our local Bangladeshi popu-
lation living in East London) tobacco is also added. This is the
fourth most common addictive habit worldwide after smok-
ing, caffeine, and alcohol, and is estimated to be used by 600
million people worldwide (27). The effects of betel chewing

TABLE 1. Formulae for forward (F) and reverse (R) primers and probes (P) used for the measurement of the
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on vitamin D metabolism or calcium homeostasis are un-
known, although there is one case report of hypercalcemic
alkalosis after long-term daily consumption of 40 betel quids
(containing lime paste rich in calcium hydroxide) (28). Pilot
studies were set up to determine whether in vivo expression
of 1-«(OH)ase and 24(OH)ase genes relate to VDR gene ex-
pression, using circulating PBMCs from healthy subjects, as
a reflection of the induction of differentiation of macro-
phages from monocytes (7). We also aimed to determine
whether vitaniin D status (serum 25-OHD), circulating PTH,
or VDR polymorphisms affect 1-a(OH)ase or 24(OH)ase

-gene expression in the PBMC or, in particular, whether vi-

tamin D metabolism in the PBMC is affected by dietary habits
common in South Asians such as chewing “betel nyt” (Areca
catechu) (27).

Subjects and Methods
Subjects

Forty-one healthy British Bangladeshi subjects, aged 31-65 vr, living
in East London, free of ongoing iilness, and on no long-term medication
gave written informed consent to provision of a blood sample for an
embedded cross-sectional study of the vitamin D axis during a study of
vitamin D insufficiency in relation to risk factors for type 2 diabetes and
ischemic heart disease (29, 30). These studies were approved by the
appropriate District Ethical Committee. Thirty-six percent of the subjects
were men. Data from a previously validated questionnaire were avail-
able on smoking, betel nut (paan quid) usage, and the intake of fish
(several species of imported freshwater fish that are vitamin D rich, and
fish being eaten daily by >40% of subjects; average 5.5 times per week),
eggs (averaging 60 U each in the United Kingdom; Boucher, B. J. N.
Mannan, and K. Noonan, unpublished data), yogurt (sometimes forti-
fied in the United Kingdom), and margarine (fortified by statute in the
United Kingdom) (10, 29). VDR genotype (Apal, Bsml, Tagl, and Fokl) had
also been determined, as previously reported, in this subgroup (30).

RNA extraction and real-time quantitative RT-PCR
analysis

Total cellular RNA was extracted from untreated PBMCs, as for the
VDR, as previously reported, from 10° PBMCs using the RNeasy mini
RNA isolation kit (QIAGEN Inc., Crawley, UK). RNA quality was as-
sessed using RNA LabChips on an Agilent 2100 Bicanalyser (Agilent
Technologies, Waldbronn, Germany) and quantified in triplicate, using
Ribogreen quantification kits (Molecular Probes, Leiden, The Nether-
lands). PBMC VDR mRNA and VDR protein levels in these subjects were
measured in extracts from 107 cells as reported previously (25).

I-a{OH)ase mRNA and 24(OH)ase mRNA were measured by quan-
titative real-time polymerase chain reaction (gRT-PCR) in PBMCs as
follows. Sequence-specific primers and probes (Table 1) were designed
using Primer Express (Applied Biosystems, Warrington, UK), and syn-
thesizéd by Applied Biosystems or Proligo (Paris, France). The TagMan
probe was labeled with a reporter dye (6-carboxy-fluorescein) at the 5

expression of the target

genes for the two vitamin D metabolic enzymes studied and for the vitamin D receptor

Target Primers
1-a(OH)ase-F GCTATTGGCGGGAGTGGAC
1-a{OH)ase-R GCCGGGAGAGCTCATACAGA
1-a(OH)ase-P CCCAAGAGAGCGTGTTGGACACCG
24(OH)ase-F GAgCACTgTTCCTTTgggTAAAG
24(0OH)ase-R GCTTACgCCgAgTgTACCATT
24(0H)ase-P TCACCCAGAACTGTTGCCTTGTCA
VDR-F ATCTGCATCGTCTCCCCAGAT
VDR-R AGCGGATGTACGTCTGCAGTG
VDR-P TGATTGAGGCCATCCAGGACCGC

Test for linearity between threshold cycle and log of
starting RNA-copy ne. in the assay runs for each gene

Slope = 3.497

Y intercept = 46.053
R? = 09955

Slope = 3.4173

Y intercept = 47.702
R* = 0.998

Slope = 3.5639x

Y intercept = 47.032
R* - 0994

(263
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end and a quencher dye (6-carboxy-tetramethyl-rhodamine) at the 3’
end. gRT-PCR was performed with 50-ng (in duplicate) aliquots of RNA,
from the same cells that had previously been used to quantify VDR
mRNA and VDR protein levels (25), using an ABI Prism 7700-sequence
detector (Applied Biosystems, Warrington, Cheshire, UK), or Stratagene
MX4000 (Stratagene, La Jolla, CA), and analyzed with the corresponding
manufacturer-supplied software. mRNA copy numbers were deter-
mined from a specific standard curve obtained by serially diluting a
synthetic single-stranded sense oligonucleotide specifying  the
1-a{OH)ase or 24(OH)ase amplicon (31). There was a strong linear re-
lationship between the threshold cycle and the log of the starting RNA-
copy number in all runs (r > 0.99; Table 1). All serial dilutions were
carried out in duplicate. Standard curves in triplicate were repeated
twice with duplicate no-template controls included with every RT-PCR
run. Copy numbers were normalized relative to total RNA concentra-
tion, and the levels were expressed as mRNA copy numbers per mi-
crogram of total RNA (32). |

Immunoassays

Serum 25-OHD [<20 ng/ml (<50 nmol/liter) defining vitamin D
insufficiency (4)] and 1,25(OH),D [normal range for adults 20-46 pg/
mol (48-110 pmol/liter)] and serum intact PTH concentration [normal
range 430-1070 PS/ m] (48-119 pmol/ liter)] were measured by immu-
noassay in single assays (IDS Ltd., Boldon, Tyre and Wear, UK; in-
traassay coefficient of variation < 7%) as previously reported (29). In-
formation on insulin secretory profiles and glycemia at oral glucose
tolerance test within the parent study was also available together with
calculated “insulin secretion index” derived from data at 75-g oral glu-
cose tolerance testing (33).

Statistical analyses

Simple and partial correlation coefficients and variation of means
with VDR polymorphisms were examined using parametric or non-
parametric tests as appropriate and stepwise multiple regression anal-
ysis was carried out (to P < 0.05), after normalization of data distribution
where necessary, using SPSS version 11. Results are given as mean * sp
in the text and tables and as mean * sgin Fig. 1.

Results

Table 2 shows the main demographic details and data for
dietary factors examined in the study subjects. Table 3 shows
the mean (sp) and ranges for serum 25-OHD, 1,25(0OH),D,
and for PBMC content of 1-a(OH)ase mRNA and 24(OH)ase
mRNA. The data reported for VDR mRNA and VDR-protein
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Ogunkolade et al. * Betel Chewing and Vitamin D Metabolism

TABLE 2. Age, body mass index (BMI), smoking habits, rate of
chewing paan {(betel nut) quids, percentage of chewers adding
chewing tobacco to the quids, and data for the consumption of the
‘major United Kingdom South Asian dietary sources of vitamin D
(eggs, imported fresh water fish, and the percentage of subjects
using margarine) for the 41 subjects in the embedded cross-
sectional study

Mean Range
{sp} (min-max)
Apeta) 48.32(9.903)  31-65.
BMI - 26.24 (3.93) 17.8-33.2
Cigarette smoking (no./d} 3.36 (7.58) 0-30
% Betel chewers 82.9
No. of betel chews used per day” 4.8(4.76) 0-22
% Paan chewers using added tobacco 51.2
Eggs eaten (noJ/wk) 1.13{1.49) 0.00-7.0°
Fish eated (times per week) 5.38 (2.19) 0.25-7.0
% Users of margarine” 47.6

* Betel chews are defined as quids containing chopped Areca cat-
echu nuts wrapped in Piper betle vine leaves.

* Percentage of margarine users at approximately 15 g/d as a
spread.

in these PBMC preparations (25) are those for the subjects in
whom sample volumes were adequate for measurement of
PBMC 1-a(OH)ase mRNA (n = 33 of 41) and 24(OH)ase
mRNA (n = 31 of 41).

There were more women than men in the study group, but
there was no variation in 24(OH)ase expression with gender.
In addition, men smoked more cigarettes per day than
women, but smoking rates did not vary with rates of betel
chewing.

Simple correlation analysis showed that the expression of
1-a(OH)ase mRNA was inversely correlated with that of
VDR mRNA (n = 33, r = —0.44; P = 0.013).

The independent determinants of 1-a(OH)ase mRNA ex-
pression, by multiple regression analysis (Table 4), were
circulating 1,25(0OH) together with VDR (Tagl and Bsml)
polymorphisms but not serum PTH or any of the other fac-
tors examined. When 24(OH)ase mRN A concentrations were
included in this analysis, the independent determinants of
1-a(OH)ase mRNA were the VDR (Tagl and Apal) polymor-
phisms (P < 0.0001 and 0.006, respectively) and serum 25-
OHD (P = 0.048) as well as the PBMC content of 24(OH)ase
mRNA (P = 0.001), although this was not the best-fit model
(P for the constant <0.0001); because VDR genotype con-
tributes to the determination of VDR message and protein in
these subjects (25), this analysis was repeated omitting VDR
mRNA content but the findings were not changed; omitting
VDR-protein content revealed betel quids per day as the sole
determinant of 1-a(OH)ase mRNA expression, and no de-
terminants of 1-a(OH)ase mRNA were identified when both
VDR mRNA and VDR-protein concentrations were omitted
from the analysis.

The expression level of 24(OH)ase mRNA in PBMCs was
higher, although not significantly, in chewers (n = 25) than
in never-chewers (n = 6) [mean(sp) = 40.5 x 10° (24.3 x 10")
compared with 552 x 10” (43.2 x 10%); P = 0.43], but was
directly correlated with the number of paan (betel) quids
caten daily [r = 0.49; P = 0.006 and 0.71, P < 0.0001 by partial
correlation, allowing for serum 25-OHD and 1,25(OH),D] as
illustrated by the raw data in Fig. 1. Serum 25-OHD was not
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TABLE 3. Concentrations of 25-OHD and 1,25(0H),D in serum and PBMC concentrations of VDR mRNA, VDR protein, 1-a{OH)ase
mRNA, and 24(OH)ase mRNA in subjects included in the present study

Mean (sp) Range (min-max)

25(0OH)D (ng/ml)” 93(44)(n = 39) - 16-25.8

(nmol/liter) 23.2(10.9) 4-64.5
1,25(0H),D (pg/mly" 334 (11.3) (n = 34) 38.8-150.1

(pmol/liter) 80.1(27.2) 93-360.0
Intact PTH (pg/ml) 355 (175) (n = 39) 130-1040

(pmol/liter) 39.0(19.2) 14.2-114

. VDR mRNA (copy no/ug total RNAF 1.1403 x 10° (0.44 x 10°) = 0.31 x 10° w0 2.43 x 10°

VDR protein (pg/mg of total extract pFotein) 17.49 (9.63) (n = 38) 1.0-38.73

1-a{OH)ase mRNA (copy noJ/ug total RNA) 1.157 (0.34) x 105 (n = 33) 5.89 x 10° to 1.1917 x !0‘5
25(0H)D-24-OHase mRNA (copy no./ug total RNA) 5.22 (4.02) x 10% (n = 31)° 0.99 » 10 to 159 = 10°

The number of samples (n) available for the study is given wherever less than 41 (some samples were inadequate in volume).
; ° Data previously published (25) but rean‘alyzed for the subgroup of subjects of the present study;

related to betel quids per day. Serum 1,25(OH),D correlated
negatively with the number of paan (betel) quids eaten daily
(r = —0.43, P = 0.006; Fig. 2).

The independent determinants for 24(OH)ase mRNA (Ta-
ble 4) included betel quids per day and serum 25-OHD when
1-a(OH)ase was included in analysis, but betel quids per day
alone when 1-a(OH)ase was excluded. Betel quids per day
was a less powerful determinant of serum 1,25(OH).D than

gender or cigarettes smoked per day (data not shown); the

latter was inversely correlated to serum PTH on Spearman
ranking (r = —0.28, P < 0.0001 for the parent group and r =
—0.3, P = 0.049 in the current study subgroup). The inclusion
of data on the addition of chewing tobacco to paan quids did
not affect the significance of any of the findings.

Discussion
We have found a direct correlation between 25-OHD-
24(OH)ase expression and the rates of use of betel quid
(paan) chews containing Areca catechu nut in the present
cross-sectional study. The finding of dose-effects for this
relationship and that the relationship is independent of other
factors known to regulate 24(OH)ase expression suggests

that, despite the cross-sectional nature of the study, betel
chewing may explain the increases in tissue activity of

24(OH)ase, the rate-limiting enzyme for degradation of
1,25(0OH),D, reported in South Asians, even though they
were vitamin D deficient (23). This is a surprising finding
because induction of the 24(OH)ase gene in the presence of
increased vitamin D availability is a recognized part of the
feedback mechanisms preventing vitamin D intoxication.
This enzyme is catabolic for both activated vitamin D and its
immediate precursor 25-OHD. The biological effects of vi-
tamin D inadequacy could, therefore, be aggravated by betel
chewing in vitamin D deficiency.

Compared with white Caucasians, South Asians in the
West and Northern world have a higher prevalence of vi-
tamin D deficiency than white Caucasians (10, 12, 15, 23).
This deficiency has been implicated as a risk factor for var-
ious diseases including diabetes, ischemic heart disease, and
tuberculosis. We have previously shown, in the subjects of
the present study, that the circulating level of activated vi-
tamin D [1,25(OH),D] is a predictor of VDR protein in the
PBMC and that VDR mRNA and VDR protein levels in
circulating PBMCs also predict variations in insulin secretion
index, in vivo, as assessed at oral glucose tolerance test (25,
30). We now observe that 1-«(OH Jase mRNA concentration
in PBMCs is inversely correlated to that of VDR mRNA, in
vivo. Because PBMC differentiation in vitro has been shown

TABLE 4. Multiple regression analysis for the determinants of gene expression for the enzymes 25(0H)D-1-a-hydroxylase (activating
vitamin D) and 25(0H)D-24-hydroxylase [catabolizing 1,25(0H),D] in PBMC

Measurement Independent determinants® P value
PBMC 1-«(OH)ase mRNA concentration (Best fit model. R* = 0.61 (P < 0.002) P for constant - 0.051)
VDR (Tagl); (B = 0.85) : < 0.0001
VDR (Bsml); (B = 0.46) 0.031
Serum 1,25(0H),D (8 = -0.46) 0.016
PBMC 24(0OH)ase mRNA concentration With paan (betel quids per day; unadjusted (R* = 0.24)) 0.006
(Best fit model. R* = 0.64 (P < 0.0001) P for constant = 0.98)
Adjusted for other variables
Paan (betel) quids per day (8 = 0.63) <0.0001
Serum 25-OHD (B = 0.44) 0.024
Margarine use (§ = -0.29) <0.002
la(OH)ase (B = 0.33) 0.004
VDR Taql (B = —0.24) 0.031

The vanables examined as possible determinants were serum homocysteine; creatinine; fasting proinsulin to insulin ratio; folate; insulin
secretory capacity; consumption of eggs, fish, yogurt, margarine, and cigarettes; age, gender, body build, glycemia; VDR (Apal, Bsml, Tagl, and
Fokl) genotype; serum PTH, 25.0HD, and 1,25(0H),D. Note that VDR (Apal and Fokl) genotype and serum 25-OHD were excluded as
determinants of PBMC 1-a(OH)ase mRNA measurements, and that serum 1,25(0H),D, VDR genotype (Apal, Taql, Bsm], and Fok1) and PEMC
1-a{OH)ase mRNA concentrations were excluded as determinants of PBMC 24(OH)ase mRNA concentration, by multiple regression analysis.

¢ Independent determinants were identified by multiple regression analysis (P < 0.05). Bis the standardized correlation coefficient calculated
for the relation of each stated determinant to the measurement of interest after adjustment for all other related factors tusing SPSS version 11).
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Fic. 2 Residual plot showing the relation of serum 1,25(0H),D con-
centration to numbers of betel quids chewed per day in five nonchew-
ers and in subjects chewing increasing numbers of betel nut quids per
day as revealed by multipie regression analysis (see Table 4 for the
findings for determinants of the PBMC content of 24(OH)ase mRNA).

to be associated with decreasing expression of VDR mRNA
and increasing expression of 1-a(OH)ase mRNA (7), these
findings suggest that the biological processes of PBMC dif-
ferentiation in vivo are similar to those identified in vitro. This
is supported by our finding that circulating hormonal vita-
min D [serum 1,25(0H),D concentration] rather than vitamin
D status (serum 25-OHD concentration) contributed to the
determination of PBMC 1-o(OH)ase expression on multiple
regression analysis.

Althongh the regulation of the 1-a(OH)ase and 24(OH)ase
genes in PBMCs is not yet fully defined (34-36), defects in
up-regulation of macrophage 1-a(OH)ase expression in re-
sponse to immune stimuli have been shown to contribute to
the development of type 1 diabetes in autoimmune nonobese
diabetic mice (36). Such defects, whether inherent or as a
result of vitamin D deficiency, will reduce the availability of
activated vitamin D in target tissues leading to decrease in
both macrophage differentiation and recruitment from cir-
culating monocytes (7). The increased risks of chronic in-
flammatory disorders, metabolic syndrome, and autoim-
mune disorders reported in South Asians and others with
vitamin D deficiency could well be aggravated by the effects
of betel chewing on 24-(OH)ase, and the reductions in risk of
type 1 diabetes reported after early life supplementation with
vitamin D in white Caucasians could also be diminished in
betel chewers (18-20).

Betel chewing is common among South Asian popula-
tions: it is the fourth most common habit after smoking,
alcohol, and caffeine, and is estimated to be practiced by 600
million people globally (27). The mutagenic, genotoxic, and
carcinogenic properties of betel nut (Areca catechu) extracts
are well established (27). The fact that we have found betel
usage to be a more powerful independent determinant of
24(OH)ase expression than vitamin D status in these subjects
on multiple regression analysis (standardized coefficient of

Ogunkolade et al. » Betel Chewing and Vitamin D Metabslism

correlation 0.72 vs. 0.34) suggests that this effect should be
further investigated because such large proportions of the
world population chew betel nut and are liable to vitamin D
deficiency (4, 21, 22, 27, 28, 37). An associaticn between
consumption of betel nut and hyperglycemia has been re-
ported experimentally (38) and similar associations have re-
cently been reported in humans (39, 40), including dose-
response effects in a large population-based study (40).
Suggested mechanisms responsible for the association of the
chewing of Areca catechu (betel) nut with disease include
glutathione depletion, generation of free radicals, mitochon-
drial dysfunction, disturbance of the ceii cycle, induction of
apoptosis, and DNA damage (27). The actions of Arecal al-
kaloids, including y-aminobutyric acid receptor blockace,
have been widely sfudied, and Arecal nitrosamine deriva-
tives are accepted as being carcinogenic in the human by the
International Agency for Research on Cancer (27). Further-
more, drugs known to induce vitamin D deficiency such as
rifampicin and carbemazipine recently have been shown to

‘up-regulate expression of the 24(OH)ase gene through acti-

vation of the nuclear pregnane X receptor both in the human
hepatocyte and, experimentaily, in vivo, with increases in
circulating 24,25-dihydroxyvitamin D (41). Therefore, it is
possible that the ingestion of Arecal alkaloids, nitrosation
adducts, or other components of betel chews might have a
similar effect.

In conclusion, these preliminary data demonstrate that
1-a(OH)ase gene expression in circulating PBMCs relates
inversely to VDR expression in humans, matching previous
in vitro observations that hormonal vitamin D increases
1-a(OH)ase gene expression in PBMCs. This supports pre-
vious suggestions as to how monocyte activation (and thus

. macrophage efficacy) may be reduced in vitamsa D defi-

ciency (7). These preliminary findings also support the hy-
pothesis that the habit of chewing betel {paan quids con-
taining Areca catechu nut) could reduce the availability of
active vitamin D by dose-dependent increases in expression
of the 24(OH)ase enzyme catabolic for activated vitamin D.
Further investigation of these phenomena would be useful
because, if confirmed, they provide mechanisms that could
contribute to the explanation of the increased risk of chronic
inflammatory and autoimmune disorders found in hypovi-
taminosis D and also to the increased 24(OH)ase enzyme
activity reported in South Asians and thus to the particular
severity of vitamin D deficiency in South Asian populations.
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Abstract

Background. Events in the gastrointestinal tract that
might contribute to a high absorption of calcium were
simulated in vitro to evaluate why only a small pro-
portion of individuals who ingest alkaline calcium salts
develop hypercalcaemia, hypokalaemia and metabolic
alkalosis.

Methods. A patient who chewed and swallowed
around 40 betel nuts daily developed hypercalcaemia,
metabolic alkalosis, hypokalaemia with renal potas-
sium wasting, and renal insufficiency. The quantities
of calcium and alkali per betel nut preparation were
measured. Factors that might increase intestinal
absorption of calcium were evaluated.

Results. Hypercalcaemia in the index case was accom-
panied by a high daily calcium excretion (248 mg,
6.2 mmol). Circulating levels of 1,25-dihydroxyvitamin
D; and parathyroid hormone were low. Hypokalaemia
with a high transtubular K* concentration gradient,
metabolic alkalosis, a low excretion of phosphate and
a very low glomerular filtration rate were prominent
features.

Conclusions. Possible explanations for the pathophy-
siology of metabolic alkalosis and hypokalaemia are
provided. We speculate that a relatively greater
availability of ionized calcium than inorganic phos-
phate in the lumen of the intestinal tract could have
enhanced dietary calcium absorption.

Keywords: bicarbonate; calcium; hypokalaemia; milk-
alkali syndrome; phosphate
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Introduction

The triad of hypercalcaemia, metabolic alkalosis, and
renal insufficiency characterizes the milk-alkali syn-
drome [1]. In the past, its most common presentation
was in patients with peptic ulcer disease who took large
amounts of milk and calcium carbonate (CaCO,).
With the advent of better antacid therapy such as H,
blockers and gastric H' pump inhibitors, the incidence
of this syndrome has decreased. Recently, features
of the milk-alkali syndrome have been described in
patients who take alkaline calcium salts and vitamin D
supplements 1o treat osteoporosis [2]. Another predis-
posing cause, betel nut chewing, is an under-estimated
source of oral alkaline calcium salts [3]. Betel nuts are
the main ingredient of a masticatory drug used in the
Far East, Asia, and the South Pacific by an estimated
600 million people [4]. To overcome their bitter
taste, alkaline calcium salts are included in the oral
preparation.

To understand why only a few of the many
individuals who ingest alkaline calcium salts develop
hypercalcaemia, hypokalaemia and metabolic alkalo-
sis, we simulated events in the gastrointestinal tract’
that could contribute to excessive intestinal absorption
of calcium. This involves an interplay between the
products of bacterial fermentation and the relat-
ive proportions of alkaline calcium salts and inorganic
phosphate in segments of the intestinal tract where
passive, paracellular, non-regulated absorption of
1onized calcium occurs [5].

Subjects and methods

Case

A 60-year-old male patient who developed hypercalcaemia,
metabolic alkalosis, hypokalaemia with renal potassiun
(K ) wasting, and renal insufficiency associated with a
heavy consumption of betel nuts was examined.

i 2002 Ewopean Renal Association Luropean Daalysis and Transplant Associaton



Hypercalcaemia and metabolic alkalosis

Analysis of betel nut paste

Samples of betel nut paste were obtained from vendors in
Toronto, Canada, and in Taipei, Taiwan, to determine the
amounts and nature of its calcium compounds. Single
preparations were weighed and added to 10 ml of distilled
water (n=6) or 0.9% saline (n=>5). Prior to centrifugation,
the mixture was vortexed vigorously at room temperature
until the pH of the supernatant became constant (~12.4).
The clear aqueous phase was assayed for ionized calcium. To
obtain an estimate of its total calcium content, the entire

preparation was diSsolved in I N HCI prior to assay for _

calcium. A portion of the aqueous HCl extract was titrated
back to the original pH with 0.1 N NaOH to determine
whether some of the alkali in that solution was CaCO, rather
than calcium hydroxide (Ca(OH),) or calcium oxide. If fewer
H* ions were to refnain in solution after HCI addition, this
would indicate that some of the anions accompanying cal-
cium were bicarbonate andjor carbonate (CO3") (a total CO,
analysis by titration [6]). The quantty of chloride (C17) and
sodium (Na') added was verified by direct assay.

A solution containing 1 mmol of CaCO; and 2.5 mmol of
phosphate buffer (pH 7.4) was incubated for up to 12 h at
room temperature. The 2.5-fold excess of phosphate over
calcium was selected to represent a typical dietary composi-
tion [7]. The aqueous phase was assayed for calcium and
phosphate, and the quantity of precipitate was also
determined.

CaCO; (1 mmol) was exposed to increasing amounts of
HCI (total volume adjusted to 10 ml with distilled water,
n=24). Control solutions (n=6) consisted of 1 mmol CaCO4
in a total volume of 10 ml H;O. The clear aqueous phase was
aspirated and assayed for ionized calcium. The quantity of
HC! added was verified by direct measurement of Cl™.

Analytical techniques

Calcium was measured by an ion-selective electrode (Model
97-20, Orion Rescarch Inc., Beverley, MA, USA), and pH
was measured by an Orion pH meter (perpHect Log R meter,
Model 370, Orion Research Inc). The concentration of Cl
was measured by a CI” ttrator (Radiometer, Model
CMT-10) and Na* and K* werc measured by flame
photometry as previously described [8].

Results

Case synopsis

The 60-year-old male sought medical attention because
of anorexia and constipation that were more marked
over the past several weeks. He had lost 7 kg of weight
in this period. There was no other pertinent past
medical history. He denied any consumption of
vitamin D supplements. By habit, he chewed approx-
imately 40 betel nuts from Areca catechu on a daily
basis, and had done so for more than 40 years. These
nuts were wrapped in the leaves of Piper betle along
with a calcium-containing paste. He had developed a
psychological and physical dependence on this stimu-
lant. Typically, he swallowed the saliva and the
remainder of the betel nut preparation. The calcium
content of samples that were estimated to represent the

i
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amount of paste used in one preparation (0.1 g dry
weight) was 1.4 +0.06 mmol. Therefore, he consumed
approximately 50 mmol of calcium per day in the
40 betel nuts. Back-titration with NaOH confirmed that
the alkali was Ca(OH), rather than CaCO;. The solu-
bility of the Ca(OH), paste at room temperature
was 11.3+0.64 mmol/l in water (n=6) and 12.5+
0.57 mmol/l in 0.9% saline (n=5); the pH of the latter
solution was 12.4. In contrast, CaCOy was very spar-
ingly soluble in water so its calcium and alkali load
would have depended almost exclusively on swallowing
if it had been the oral alkaline salt.

On physical examination, the patient was con-
scious and alert with a supine blood pressure of
114/70 mmHg, heart rate of 80 beats/min, respiratory
rate of 14 breaths/min, and his body temperature was
36.6°C. In the upright position, his blood pres-
sure fell to 102/64 mmHg and his pulse rate rose to
94 beats/min. The jugular veins were flat and there was
no peripheral oedema. Cardiopulmonary and abdom-
inal examinations were unremarkable. There were no
focai neurological deficits except for bilateral hypo-
reflexia. His tongue, oral mucosa and the angles of his
mouth were stained brick-red by the betel nut juice.

The most striking features revealed by the laborat-
ory examination were hypercalcaemia (12.8 mg/dl,
3.2 mmol/l), metabolic alkalosis (plasma pH 7.47,
bicarbonate 36 mmol/l), and a very high plasma creat-
inine and BUN level (calculated creatinine clearance
was 8.1 ml/min) (Table 1). Serum intact parathyroid
hormone (PTH) (2.7 pg/ml) and 1,25-dihydroxyvitamin
D: (1,25-(0OH),D3) levels (8.2 pg/ml) were below the
normal range (PTH, 10-65 pg/ml; 1,25-(OH),D;,
16.4-42.4 pg/ml). Hypokalaemia (3.2 mmoll) was
present and accompanied by a urine K" concentration
of 21 mmol/l, a urine K" /creatinine ratio of 2.3 and
a transtubular K* concentration gradient (TTKG)
ol 7. The urinary excretion of calcium was high
(248 mg/day, 6.2 mmol/day, calcium/creatinine 0.64 vs

Table 1. Values on admission in the index case

Plasma Urine

pH 747 75
Bicarbonate (mmol/1) 36 2 ~
PCO, (mmHg) 50
Na® (mmol/) 137 64
K* (mmol/) 32 21
Cl (mmol/l) 91 a2
Anion gap (mEq/l) 10 43
BUN (urea) (mg/dl (mmol/l)) 47 (17)
Creatinine (mg/dl (pmol/l)) 9.7 (844) 108 (2400)
Glucose (mg/dl (mmol/1)) 88 (3.0) 0
Calcium (mg/dl (mmol/1)) 128 (3.2) 234 (5.9)
Phosphate (mg/dl (mmol])) 5.7 (1.84) 59 (2.1)
Volume (l/day) - 1.1
Albumin (g/dl) 39
Calculated values

FEx (%) 6.5

TTKG 7.0
Ca creatinine (mmol/mmol) 0.64
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our upper limit of normal being 0.4 in mmol terms),
and the urinary excretion of inorganic phosphate was
very low (65 mg/day, 2 ] mmol/day).

The patient’s haemoglobin leve] was 9.2 p/dl, white
cell count was 7200/mm® apg Platelet count was
239000/mm”>. Trace proteinuria was present on urin-
alysis and there were granular casts seen on micro-
scopic examination of the urine sediment.

Soft tissue calcification was not seen on a chest
X-ray, abdominal X-rays or a 99mTC-diphosphonate
whole body bone scan. i
normal-sized kidneys,

enlareement on sonography. Band keratopathy was
not seen on slit lamp examination Panendoscopy did
not reveal any malignancy.

Initial therapy included Intravenous isotonic saline
to re-expand His extracellular fluid (ECF) volume. His
plasma calcium concentration fel] between days | and
310 7.0 mg/dl (1.8 mmol/l); his plasma PTH level was
10-fold higher when he became hypocalcaemic. These
data suggest that the fal] in calcium input and the
expanded ECF volume may have led to hypocalcae-
mia. At this point, his PTH Jeve] rose to 32 pg/ml. The
degree of rise in PTH was Jess than reported by
previous workers [9] and may represent the degree of
PTH reserve or down-regulation that may occur with
chronic hypercalcaemia. Nevertheless, either this degree
of rise in PTH and/or a decreased rate of calcium
excretion led to the subsequent rise in his plasma
calcium concentration to the normal range (Table 2).
Hypercalcaemia and metabolic alkalosis resolved com-
pletely within 1 week (Table 2). Although the patient’s
renal function improved considerably in this time
interval, his GFR remained significantly depressed
on discharge; serum creatinine declined mitially from
9.7 to 3.0 mg/dl (844 to 251 umol/l) (Table 2). The
progress of his recovery in GFR could not be docu-
mented because he was lost 1o medical follow-up. The
patient was advised to Stop chewing betel nuts and,
while in our care, he decreased his consumption 10
fewer than five nuts per day.

Additional studies .

Exposure of a calcium carbonate precipitate to an
inorganic  phosphate buffer. This experniment was

Table 2. Senal serum biochemical values in the index case

___—-_.__.______________—-—-—-_._________

Day 0 | 3 7 14
BUN (mg/dl) 47 50 45 41 37
Creatinine (mg/dl) 9.7 93 6.3 5.6 30
Total calcium (mg/dl) 12.8 12.1 7.0 98 10.1
Phosphate (mg/dl) 5.7 36 33 - -
Bicarbonate (mmol/) 36 33 24 23

PCO; (mmHg) 50 47 39 =

Intact PTH (pg'ml) 2.7 2 44
1,25OH),D; (pgml) 82
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Precipitate was converted to a hard, white precipitate
of insoluble calcium phosphate (Cay(PO,),) over I2h
despite the absence of added H". There was no detect-
able ionized calcium remaining in the solution. The
] progressively 1o
precipiiate formed, implying that
60% of the CaCO; was converted to Ca;3(PO,), at this
tim& point. -

I mmol CaCO,, ionized calcium wa
linedr and equivalent fashion by the ‘added H*
(Figure 1). Hence, 100 mEq H* would need 1o be pro-
duced by bacterial fermentation in the lower intest-
mnal tract to convert the total amount (50 mmol) of
mgested CaCO; 10 1onized calcium. Much smalier
amounts of H* would be necded to dissolve only 4
portion of the CaCOs; the patient only excreted
6 mmol of calcium in 24 h.

Discussion

Our aim was to identify the risk factors leading 10
the development of the major electrolyte abnorma]itics,
including hypcrcalcaemja, metabolic alkalosis, and
hypokalaemia. In association with excessive calcium
and alkali intake. Considerable emphasis was placed

on the case synopsis because it illustrates an under-
use being a high

emphasized ca intake of alkaline

2500
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lonized Calcium (uEq)

od
0 500 1000 1500 2000 2500
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Fig. 1. Formation of tomzed calcium by adding HCl 10 CaCo,.
Increasing amounts of H", when added 10 a solution containing

I mmol of CaCO,, leads 10 the release of ionized calcium in a linear
and equivalent amount. The source of these H* in vivo are gastric
secretion of HCl and H° production dunng fermentation of
carbohydrates downstream in the intestinal tracy



Hypercalcaemia and metabolic alkalosis

calcium salts in conjunction with a low absorption of
morganic phosphate. -

Hypercalcaemia

Calcium is absorbed in the duodenum by a highly
regulated transcellular route, and downstream in the
intestinal tract both by a regulated and by a passive

CaCo,

2 HCI

3

CacO 4 |

el
To downstream
intestinal tract

Fig. 2. Generation and absorption of ionized calcium in the upper
intestinal tract. Alkaline calcium salts (Ca(OH), and CaCO;) are
poorly soluble in water. They are converted to ionized calcium by
gastnc HCL. There are three possible fates for ionized calcium leaving
the stomach. Firstly, it can be removed by precipitation with
inorganic phosphate (but not with organic phosphate). Secondly,
while in its ionic form, calcium can be absorbed in the duodenum.
Thirdly, when sufficient NaHCO, is secreted into the duodenum,
ionized calcium will be precipitated as CaCO,. This CaCO; will not
react readily with morganic phosphate produced by digestion of
organic phosphates. Hence CaCO. and morganic phosphate are
delivered downstream in the intestinal tract (see Figure 3)

Only if HPO 2-
deficiency

11

non-regulated paracellular route, provided that cai-
cium is in its ionized form [5]. The major regulator of
intestinal ionized calcium absorption is 1.25-(OH),;D;;
1onized calcium is formed when Ca(OH),; or CaCO,
reacts with HCI secreted in the stomach (Figure 2).
Calcium  remains ionized until sufficient sodium
bicarbonate is secreted into the duodenum to form a
luminal CaCO; precipitate.

The aim of the first in vitro expenments was 1o
determine the maximum concentration of ionized cal-
cium in water or isotonic saline solutions that represent
the possible extremes of salivary Na* concentration
[10]. With a typical salivary flow of 0.5 mi/min for 12
per day [10] and an ionized calcium concentration
of approximately 12 mmol/l, a maximum of about
4-5 mmdi of calcium could be dissolved in saliva and
swallowed daily. In contrast, if the entire betel nut
paste and saliva were swallowed, the intake of calcium
would be clese to°52 mmol/day (1.4 mmol/sample x
40 samples). These values for calcium ingestion should
be compared with a typical intake of 20 mmo! of cal-
cium per day and with the normal net absorption of up
to 5 mmol/day [7]. Higher absorption rates cause
hypercalciuria [11].

If the CaCO; precipitate formed in the duodenum
were 10 remain intact downstream in the intestinal
tract, there might be little further absorption of cal-
cium. However, CaCO, can be converted to ionized
calcium in the lumen of the lower intestinal tract if
there is a local source of H* (Figure 3) [5]. Bacterial
fermentation of undiges:ed carbohydrates can provide
300 mmol of H* per day [12]. Only a few mmol of H*
would be needed to dissolve enough CaCO; 1o yield a
luminal ionized calcium concentration exceeding that
of plasma. This would permit passive calcium absorp-
tion if anions, such as inorganic phosphate. that could
remove ionized calcium by precipitation were noi

Fig. 3. Absorption of calcium downstream in the intestinal tract. The central structure represents downstream segments of the intestinal tract
where calcium can be reabsorbed if it exists in an 1onized form Delivery of calcium is via 2 precipitate of calcium carbonate: 1onized calcium

{Ca’"} is formed when H”

1s produced by bactenal fermentation and by conversion of morganic phosphate (HPOZ") to PO}~ Should the
delivery of HPOI™ be less than reguired 1o precipitate Ca™* as Cay(PO,),, some Ca’"

couid remain in the lumen and be absorbed. A potential

bicarbonate load (organic amons (OA* )) s also absorbed representing the conversion of some of the alkali in CaCOj; 10 bicarbonate 1n the

body when OA 2™ are metabolized 1o neutral end-products [19].
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present in the lumen of the intestinal tract, as shown
by Equation I:

3CaCOs + 2(HPO] ™ +2(K* or Na*))-> Ca3(POu),

+4(K* or Na*)+2C0O} +H,0+CO, (1)
The interplay between inorganic phosphate and ion-
ized calcium is complex. Firstly, the bulk of inorganic
phosphate is formed after the digestion of organic phos-
phates later in the upper intestinal tract. In quantit-
ative terms, a typical diet supplies more than twice as
much phosphate as calcium (7). Nevertheless, as shown
by our results, mixing insoluble CaCO; with the
expected 2.5-fold excess of inorganic phosphate at
pH 7.4 removed 60% of the calcium from CaCO; over
a 12 h period, without ionized calcium being measur-
able in solution. Once C¢a5(POy), is formed, it should
remain intact in the rest of the intestinal tract because
the luminal pH distal to the stomach is not low enough
to re-dissolve this precipitate. Secondly, to have a large
enough quantity of 1onized calcium in the lumen of
downstream intestinal sites, CaCO, would need to be
present in quantities in excess of inorganic phosphate.
This could occur if the source of dietary calcium was
an intake of alkaline calcium salts, rather than sources
of animal or vegetable origin (which need a low phos-
phate content). Moreover, once initiated, hypercalcae-
mia can cause a vicious cycle by leading to anorexia
such that the intake of alkaline calcium salts in betel
nut preparation, or as CaCO;, might further exceed the
dietary intake of phosphate. The net result would be
increased calcium, but low phosphate absorption
due to the precaipitation of Ca3(POy); in the lumen
of the intestinal tract, as was suggested by the low
excretion of phosphate (2 mmol/day vs the normal
20-30 mmol/day) in our case (Table 1). The soluble
products of this precipitation reaction are Co3”
anions, yielding an absorbable alkal load (Figure 3,
Equation 1).

One should also consider the properties of the
anions produced by bacterial fermentation when there
is less phosphate than calcium in the distal intestinal
lumen. If some of these anions had properties similar
to oxalate, ionized calcium would be removed by pre-
cipitation in the lumen of the intestinal tract. ‘Hence,
less ionized calcium would be available for absorption
by the paracellular route. A low intake of milk could
contribute to the development of the features in our
patient [13]. Because milk 1s rich in phosphate, a low
phosphate intake could diminish the precipitation of
Cay(PO,), downstream in the intestinal tract, allowing
higher local ionized calcium levels (Figure 3). On the
other hand, milk provides lactose that is said to
augment the intestinal absorption of calcium [l4].
Several mechanisms have been proposed to explain
why a high oral lactosc intake might increase intestinal
calcium absorption. Firstly, the number of osmoles in
the lumen could rise when lactose is hydrolysed into its
component monosacchandes (glucose plus galactose)
or into volatile fatty acid products by bactenal
fermentation (lactic, butyric and propionic acid). As a
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result of this osmole load, water might enter the lumen
and cause it to distend. This distention could increase
the permeability of the junctions between enterocytes
and allow more 1onized calcium to be absorbed by
solvent drag [15,16]. In lactase-deficient subjects, there
is an additional mechamism to consider. The very
large H' load from bactenial fermentation would
increase the concentration of ionized calcium
(Figure 3), thereby increasing its potential absorption
[17,18]. .

Metabolic alkalosis =

The ingestion of CaCO; could provide an absorbable
form of alkali if organic acids were produced in the
lumen of the ifitestinal tract, provided that their con-
jugate bases (acetate, proprionate and butyrate) were
absorbed and metabolized to yield neutral metabolic
end-products plus bicarbonate 1ons [19] (Figure 3). In
fact, hypercalcaemia might augment the formation of
organic acids and enhance the absorption of ionized
calcium by slowing Gl motility. One can obtain a
crude estimate of how much alkali was absorbed along
with calcium in our index case by examining the rate
of excretion of calcium, at least in one 24 h urine
collection penod [7]. For the alkali accompanying cal-
cium to remain as a bicarbonate in the body, calcium
must remain in an ionic form or be excreted with an
anion other than bicarbonate (e.g. CI™ from NaCl).
Therefore the alkali load attributed to the net absorp-
tion of Ca(OH); 1s equal to the daily renal excretion of
ionized calcium (12 mEqg/day). Because our patient
was excreting more than 12 mEq of bicarbonate per
day in his urine (pH 7.5, volume 1.1 l/day), another
source of alkali would be needed to be in positive
alkaline balance. Given his urine pH and GFR, the
alkaline source was likely to have been a non-renal
one because low excretion of ammonium means little
addition of new bicarbonate to the body [20]. As
shown in Figure 3 and Equation 1, the patient could, in
theory, convert two-thirds of the alkali (carbonate)
from the poorly absorbable CaCOj5 into absorbable
alkali by precipitation reactions in the intestinal tract.
Nevertheless, ingesting alkaline substances, even in
large amounts, is not sufficient 1o cause the develop-
ment of chronic metabolic alkalosis in normal subjects
[21]. In subjects with marked renal insufficiency, the
intake of NaHCOj; could lead to the development of
metabolic alkalosis. If this were the sole cause, the
ECF volume should be expanded. In contrast, if
vomiting provided the bicarbonate load, the ECF
volume would remain near its normal value. Given our
patient’s very low GFR, the metabolic alkalosis could
be due in part to the input of bicarbonate, and due to a
low rate of bicarbonate excretion because of the low
filtered load for this ion. Therefore, the presence of
calcium in the alkali load or the absence of a large
intake of Na® (in NaHCO;) might play a critical
role in the metabolic alkalosis in our index case Hence
renal mechanisms were sought to explain why chronic
metabolic alkalosis was present in this patient.



Hypercalcaemia and metabolic alkalosis

Hypercalcaemia and suppressed levels of PTH enhance
the renal reabsorption of bicarbonate (left portion of
Figure 4) [22) by stimulating the Na™/H" exchanger
[23]. If enhanced proximal reabsorption of bicarbonate
were the sole mechanism involved in this process, one
would anticipate an expanded rather than a contracted
ECF volume, as was seen in our case. Therefore we
looked for a link between hypercalcaemia, metabolic
alkalosis and a low ECF volume.

There were two important stimulators of proximal
bicarbonate reabsorption in our case: angiotensin II
(An) [24] and hypokalaemia [25]. Hypercalcaemia
might lead to high levels of Ay and hypokalaemia by
producing a Bartter’s-like effect because of occupancy
of the calcium receptor on the basolgteral aspect of
cells of the medullary thick ascending limb of the loop
of Henle (LOH) [26]. When occupied by calcium. the
ROM-K ion channel in its luminal membrane becomes
inhibited, and the lumen lacks K" and its usual
positive voltage. As a result, there is less reabsorption
of Na* and Cl™ as well as ionized calcium in the LOH.
The consequences of this reabsorptive aefect could
lead to findings akin to the ROM-K defect subtype of
Rartter’s syndrome, with wasting of Na*, CI", K" and
calcium in the urine and the subsequent develop-
ment of metabolic alkalosis [27]. A deficit of Na® and
C1~ lowers the ECF volume, and leads to the release of
renin and the formation of Ay [28]. Both hypokal-
aemia and high levels of A;; augment the reabsorption
of bicarbonate in the proximal convoluted tubule (right
side of Figure 4) [24). Hence, there could be direct and
indirect roles for calcium in causing an augmented

PROXIMAL TUBULE

Na* HCO;

LW >
PTH- —_ - O i '_Qﬁ‘u
,,@ @“ K*t4—» K*
; H

Indirect

I}
.

10320' Ho“ - H*
> CO,
S HCO; +
N Tt H,0
Should expand Response to
the ECFV a {ECFV

Fig. 4. Possible mechanisms to explain metabolic alkalosis and a
contracted ECF volume. There are two possible and not mutually
exclusive ways that metabolic alkalosis could occur as a result of
hypercalcaemia. As shown on the left side of the figure, both hyper-
calcacmia and a suppressed PTH level can augment the reabsorption
of HCO; in the PCT. If these were the only actions, one might expect
to find an expanded ECF volume. A second effect of hypercalcaemia
is due 1o its loop diuretic-like effect that produces Na®+Cl” and
K* wasting. The resultant high Ay, levels and hypokalaenua could
both act in concert to stimulate the reabsorption of bicarbonate in
the PCT (nght side of the left-hand portion of the figure). This
mechanism of action is associated with a contracted ECF volume
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proximal reabsorption of bicarbonate. This form of
metabolic alkalosis can be distinguished from that of
vomiting because there is an abundant excretion of C1-
in the urine in the absence of a diuretic (Tables | and 2).

Renal failure

Hypercalcaemia can cause arteriolar vasoconstriction
within the kidney, a reduction in the ultrafiltration
coefficient, a reduction in tubular Na® reabsorp-
tion, acute tubular necrosis, nephrocalcinosis, and
tubulointerstitial fibrosis, all of which can result in
renal dysfunction via decreased GFR or direct tubular
damage [29-31]. The coexistence of hyperphosphat-
aemia, hypercalcaemia, ECF volume reduction and
metabolic alkalosis'could promote renal parenchymal
calcification, an important pathological aspect of the
syndrome that contributes to the development of renal
dysfunction.

Perspectives

Patients who may be at risk of developing hyper-
calcaemia and secondary metabolic alkalosis include
those individuals given CaCO; and vitamin D supple-
ments to delay the development of osteoporosis. Risk
factors, such as low phosphate intake and factors that
might affect the process of bacterial fermentation.
should also be considered. These patients may be recog-
nized initially by finding hypercalciuna, subtle symp-
toms attrnibutable to hypercalcaemia, an unexplained
fall in GFR, or by the presence of electrolyte abnormal-
ities such as hypercalcaemma, hypokalaemia and meta-
bolic alkalosis. A high urine calcium : creatinine rauo
in a random urine sample might be a reasonable screen-
ing test for the detection of a population at risk of
these complications.

Patients with renal failure are often treated with
CaCOj 10 ensure that some of their dietary phosphate
is converted to a non-absorbable form. This therapy
should not lead to harmful effects related to excessive
calcium absorption as long as their intestinal lumen
contains more inorganic phosphate plus oxalate than
1onized caicium. Notwithstanding, should a rare patient
take too much CaCOjs, ingest too little dietary phos-
phate, and/or have an altered bactenal flora that
decreases the availability of luminal oxalate, excessive
absorption of calcium could occur. In this situation,
hypercalcaemia and/or metastatic calcification might
develop.

Concluding remarks

Our interpretation of the pathophysiology of hyper-
calcaemia, hypokalaemia and metabolic alkalosis in
the case presented includes roles for the conversion of
oral alkaline calcium salts to an absorbable form of
ionized calcium due to bactenal production of H™ 1n
the GI tract. Key to this being a potential clinical
problem 1s the presence of a low phosphate intake
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and/or the presence of phosphate binders in the lumen.
Another risk factor is the consumption of the
precursors of 1,25(OH),D; that could sumulate
calcium absorption in the intestinal tract. At the
renal level, hypercalcaemia could cause a Bartter’s-
like syndrome due to a loop diuretic-like effect contrib-
uting to the development of hypokalaemia, a K'
deficit, a contracted ECF volume and an enhanced
reabsorption of bicarbonate in the proximal convo-
luted tubule.
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Areca nut, energy metabolism and hunger in Asian men.
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Abstract

BACKGROUND: The nut of the Areca catechu palm has long been attributed effects on hunger and the digestive
process.

OBJECTIVES: The objectives were to assess experimentally effects of areca nut on fasting and postprandial energy
metabolism, substrate utilization and hunger.

{SUBJECTS AND METHODS: Two randomized, placebo-controlled, double-blind studies :vere undertaken. In study
1, eight Indian men received bioadhesive gels delivering 0, 5, 10 or 20 mg arecoline to the buccal sulcus after an
overnight fast. Resting energy expenditure and substrate utilization were determined by ventilated hood calorimetry
over 6 h during which hunger was rated on five occasions. In study 2, 15 Indian men received gels delivering 0 or 10
mg arecoline after consuming a 2.5 MJ meal, and the same protocol was then applied as in study 1.

RESULTS: Fasting resting energy expenditures exceeded basal metabolic rate (BMR) by 5.4+/-0.8% (Mean+/-SE)
after placebo, and 5.1+/-0.7% after 20 mg arecoline, but by 0.9+/-0.8% and 0.7+/-0 5% following 5 mg and 10 mg
arecoline, respectively. Carbohydrate (CHO) utilization rates rose after areca nut compared to placebo (F(3,252)=

7.3, p< 0.001). Hunger varied across doses (chi(2) = 10.5, p < 0.02), being lowest after 10 mg and highest after 20

mg, and was influenced by interaction of dose with delta resting energy expenditure. In study 2, areca dose interacted

with fat-free mass (FFM) to lower by 5.4+/-11.2% the thermic effect of a meal (F(1.28) = 4.9, p = 0.05), and retarded
peak 'digestive-phase’ thermogenesis by 60 min (F(1,58) =5 7, p = 0.02). Postprandial delta CHO utilization was
greater (F(1,28) = 4.5, p = 0.05), and hunger was lower (chix(2) = 3.8, p = 0.05), after areca nut. The areca nut altered
relationships of hunger to thermic effects of the meal, and to delta substrate utilization, in ways consistent with
appetite suppression.

CONCLUSION: Areca nut constituents modulate metabolic signals regulating appetite in man. This concurs with

customary belief.
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Prevaience of tobacco use among young adult males in India: a community-
based epidemiological study.
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{ i
Abstract /

BACKGROUND: Prevalence of tobacco use in India is reaching alarming proportions, despite efforts by both World
Health Organization (WHO) and Government of India (GOV) in controlling it. Part of the problem has been lack of
available data on tobacco use in various groups. Although Global Youth Tobacco Survey (GYTS) and National Family
Health Survey (NFHS) lil have focused on adolescents and adults, respectively, data on use among young adults is
lacking. Another limitation has been the use of the questionnaire method to determine tobacco use which may not
reveal exact prevalence. This study aimed to explore the prevalence of tobacco use among young adult males in
Ranchi, as confirmed by serum cotinine levels.

METHODS: Five-hundred male students were selected through systematic randomized process to represent 5
universities in Ranchi. After informed consent, the students were administered Tobacce and Other Substance Use
questionnaire and then subjected to urine Rapid Nicotine Test to improve sensitivity and bioiogically contirm
prevalence. All tobacco users then were administered Fagerstrom's Scale for Severity of Nicotine Dependence.
RESULTS AND CONCLUSION: Biologically confirmed prevalence of tobacco use among male students was 55.6%,
revealing high degree of prevalence in this age group. Predominant form of tobacco use was cigarettes (78%)
followed by khaini (20%) and gutkha (2%), showing that most young adults use cigarettes possibly due to the 'cool
image’ associated with it. Seventy-seven percent of all tobacco users want to quit, thereby giving a strong opportunity
to carry out cessation services in this group. There was higher mean Fagerstrom’'s Scale for Seventy of Nicotine
Dependence (FTND) score in smokers (6.7 +/- 2.2) compared to chewers (4.6 +/-2.5), revealing higher severity of

dependence among smokers than chewers
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Does areca nut use lead to dependence?

Benegal V, Rajkumar RP, Muralidharan K.
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i
Abstract

BACKGROUND: The areca nut is consumed by approximately 10% of the world's population, and its consumption is
associated with long-term health risks, with or without tobacco additives. However, it is not known whether its use is
associated with a dependence syndrome, as is seen with other psychoactive substances.

-

OBJECTIVE: To examine whether areca nut usage (with or without tobacco additives) could lead to the development
of a dependence syndrome.

METHODS: Three groups: [2] persons using areca nut preparations without tobacco additives [n=98]; [b] persons
using areca nut preparations with tobacco additives [n=44]: and [c] ‘Non-users’ were systematically assessed using a
checklist for the use of areca or areca+tobacco products, patterns of use, presence of a dependence syndrome in
users, features of stimulant withdrawal and desired/beneficial effects.

RESULTS: 38.8% and 40.8% of the "areca’ group satisfied definitions of current substance-dependence according to
DSM-IV and ICD-10 criteria respectively. 79.5% of the areca+tobacco group satisfied critena for current dependent
use according to both DSM-IV and ICD-10 criteria. Both the groups reported a well-delineated withdrawal syndrome
and similar attributions for desirable effects of use

CONCLUSION: Areca nut use by it'self and more so with tobacco additives, is associated with the development of a

dependence syndrome in a substantial numbers of users.
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Effects of chewing betel nut (Areca catechu)

on the symptoms of people with schizophrenia

in Palau, Micronesia

ROGER |. SULLIVAN, JOHN S. ALLEN, CALEB OTTO, JOSEPHA TIOBECH

and KAREN NERO

Background Although millions of
people with schizophrenia live in betel
chewing regions, the effedts of betel
chewing on their symptoms are unknown.
Betel nut alkaloids include potent
muscarinic cholinomimetics: recent
research suggests that these agents may
be therapeutic in schizophrenia.

Aims To compare the primary and
extrapyramidal symptom profiles and
substance-using habits of betel chewing v
non-chewing people with schizophrenia.

Method A cross-sectional study of 70
people with schizophrenia. Symptom
ratings measured by the Positive and
Negative Syndrome Scale (PANSS) and
Extrapyramidal Symptom Rating Scale
(ESRS), and demographic and substance-
use data, were compared for 10 chewers
and 30 non-chewers of betel nut.

Results Betel chewers with
schizophrenia scored significantly lower
onthe positive (P=0.001) and negative
(P=0.002) sub-scales of the PANSS than
did non-chewers. There were no
significant differences in extrapyrarmidal

symptoms or tardive dyskinesia.

Betel chewing is
associated with milder symptomatology

Conclusions

and avoidance of more harmful
recreational drugs. These initial results
indicate that longitudinal researchis

merited.
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‘Betel chewing' describes the practice of
mastcating a quid of ingredients, including
the sced of the Areca catechu palm {bcttl
nut), the leaf of the creeping vine Piper
betle and lime, usually in the form of burnt
shell or coral. Betel nut is humanity's fourth
most widely used drug after nicotine,
cthanol and caffeine, and is chewed by
millions of pecple living between the cast
coast of Afnca and the western Pacific
(Marshall, 1987).

Nine alkaloids constitute the active
mgredients of betel nur ( Farmworth, 1976),
the most abundant of which is arecoline — a
potent muscannic agonist that rapidly
crosses the blood-brain barrier and induces
a range of parasympathetic effects (Asthana
etal, 1996). Such cholinergic agentsareagain
feceiving attennion as potential treatments
for psychosis (Bodick et al, 1997; Tandon,
1999). Our principal hypothesis is that the
muscarinic acnion of betel nut may exert a
beneficial effect on the symptoms of people
with schizophrenia. Since millions of people
with schizophrenia live in betel-chewing
regrons, an increased understanding of the
nferaction between betel chewing and
schizophrenia  should  benefit

trearment.

clinical

METHOD

Research setting

The study was conducted in the Republic of
Palau (population 17 000), the WESICIIIMOSE
island group in Micronesia. As betel chew-
ing 1s an integral cultural actvity practised
by more than 70% of the populanion (Ysaol
et al, 1996; Futterman & Lyman, 1998),
Palau 1s an ideal study context, combining
a well-described and  accessible schizo-
phremia populartion (Myles-Worsley et al,
1999) and a modern Amencan-style health
SCIVICC.

| 217

Subjects

Following ethical approval, the study was
carried out at the Belau Nartional Hospiral
between June and October 1998. The
inclusion criteria were chronic  schizo-
phremia or schizoaffective disorder (with
mainly schizophrenic course), with an
established DSM-I11 or DSM-IV (American
Psychiatnc ~ Association, 1980, 1994)
diagnosis. =

Seventy-six informed and consenting
out-patients, all indigenous Palauans,
completed the study and were paid for their
participation. Five subjeas with bi;}olar
disorder and onc with acute schizophrenia
were excluded, leaving a final pool of 70
subjects (49 men and 21 women). Fifty-four
subjects were being treated with cither
halopendol or fluphenazine (mamly by
depot injection) and 48 were receiving
anticholingeric medication. No participants
were treated with atypical medications.

A recently completed genetic epi-
demiological srudy had identified and diag-
nosed 160 people with ‘strictly defined’
schizophrenia in Palau (Myles-Worsley et
al, 1999). A number of these people were
now deceased or “off-island’, leaving 122
people from the original group; the study
sample therefore includes about 57% of

the  known  Palauan schizophrenia
population.
Fifty-two  subjects (74.3% of the

sample) chewed betel nut. However, this
group included a proportion of casual
users. The “serious’ betel chewer carries 2
kit of ingredients and s readily
distinguishable from the ‘social® user, who
does not carry chewing paraphernalia bur
accepts a2 quid from peers in  social
situations. The casual users were included
in the non-chewing group. After local
advice on defining  “casual user’, an
arbitrary cut-off point was made ar two
or fewer betel nuts per day as the criterion
for inclusion in the non-chewing group.
This cut-off produced a chewing group of
40 and a non-chewing group of 30.

A subgroup of 16 subjects (10 chewers
and 6 non-chewers) were not receving
antipsychotic pharmacotherapy and were
used as a comparison group to control for
the effects of medication.

Instruments

The symptomatology of betel chewers was
compared with non-chewers using  the
Posinve and Neganive Syndrome Scale
(PANSS;  Kay et al, 1992},  ihe



Extrapyramidal Symprom Ranng Scale
(ESRS; Choumard & Ross-Chownard,
1979) and a self-report quesuonnaire of
substance-using habits. In conjunction with
demographic  details, the substance-use
questionnaire asked about consumption of
betel nut, cigarettes, alcohol and manjuana.
Self-reports were supplemented with ref-
crence to chart histonies of substance misuse
and consulranon with case workers.

All rating was carnied out by R.J.S. To
avoid rater bias, the interviewer was blind
to the chewing status of subjects unul
symptom ranng was completed. The rest
batteries were conducted in Ehglish with
the assistance of the study partcipant’s
case worker — either a psychiarnic nurse or
social worker. English 1s the language of in-
struction in Palauan schools and all sub-
jects spoke English with varying degrees
of fluency. The case worker helped each
participant to complete the substance-use
questionnaire and acred as interpreter
when required dunng the PANSS interview
and ESRS assessment that followed.
Background informanon on the paru-
cipant’s social functioning required for the
PANSS was obtained from the participant’s
chart, case worker and family.

Palauan case workers were consulted
on the range of PANSS items as they related
to cach subject, particularly delusional
content, and cognitive
agility, and interpretation of affect. The
Structured  Chmical  Interview  for  the
PANSS (SCI-PANSS; Kay et al, 1992) was
translated into  Palauan, then back
translated into English to provide a
transcultural reference text for the rater
and case workers. The
‘similarinies” and ‘proverbs’ items of the
‘abstract thinking’ section of the PANSS
were substituted with Palauan expressions

communicanon

westermised

and proverbs.

Statistical tests

Differences in scale scores berween sample
groups were compared using the mdepen:
dent samples t-test. Non-parametric dara
were assessed using the y-test and the
independent  samples Mann-Whimey U-
test. Correlations between continuous van-
ables were assessed using Pearson's r. All
tests were two-talled. The 95th percenule
{0.05) was considered the muumum level
of statsncally significant difference in all

eSS

EFFECTS OF BETEL NUT ON PEOPLE WITH SCHIZOPHRENIA

RESULTS

Demographic and clinical data

by chewing status

Chewers and non-chewers were signi-
ficantly different in the proportions who
had ever married, in mean number of off-
spring .and mean age at first admission to
hospital (Table 1). With the exceprion of
age at first admussion, these differences are
an artefact of the uneven gender
distnbution in the non-chewing group
(87% male). The sample exhibus
charactenisnc gender differences in mantal
status and number of chuldren: 4'8% (10)

of the women were or had been marned,
v. 10% (5) of the men (P=0.002}; and
women averaged 2.3 (1.7 s.d.) chuldren v,
05 (1.1 sd) chidren per
(P<0.001). However, there were no
significant differences in mantal starus or
number of children in

compansons (data not shown).

Among chewers the average betel nut

consumption was 10.6 (5.7 s.d.) whole nuts-
(18.8 (11.1 s.d ) quids) per day. This figure

1s probably conservative, as an uncharacrer-

man

intra-gender

istic dry season, attnbuted popularly 1o E/
Nirio, resuited in a shortage of berel nut
over the first few months of the study‘

Table | Demographic and chinical data by chewing status (n=70) '‘Chewers'defined as > 2 betel nuts per day
Non- or casual Chewers P
chewers (n=30) (r=40)
Whole nuts per day' (mean (s.d.)) 05(0.7) 10.6 (5.7) =
Chews per day' (mean (s.d.)) 0B(13) 188 (11.1) -
Estimated chewing time, h/day” (mean (s.d ) 0D.2(03) 47 (2.8) -
Age (mean (s.d.)) 407(93) 180 (6.7) NS
Males (n (%)) 26 (86 7) 23 (57.5) =
Females (n (%)) 4(133) 17 (42.5) =
Ever married (n (X)) 2(6.6) 13 (32.5) 003
Number of children (mean (s.d.)) 05(1.2) 14(1.7) 0.01
Years of education (mean (sd)) 98(3.0) 1.2(2.9) NS
Living with family (n (%)) 26 (86.7) 35 (87.5) NS
Employed (n (%)) 4(133) 10 (25.0) NS
Age at onset (mean (s.d.)) 231 (63) 219(6.2) NS
Age at firsc admission to hospital (mean (s.d )) %7 (87) 158 (12.1) 00l
Number of admissions (mean (s.d.)) 61(50) 44(49) NS
Paranoid schizophrenia {n (%)) 10(333) i (27.5) NS
Residual schizophrenia (n (%)) 4(113) 5(12.5) NS
Schizoaffective (mainly schizophrenia) (n (%)) 3(lo) 7(17.5) NS
Undifferentiated schizophrenia (n (%)) 10(313) 10(25) NS
Other schizophrenia (n (%)) 3(10) 7(17.5) NS
Chlorpromazine equivalents® (mg/day)* (mean 9175 (977.0) 10039 (993.5) NS
(sd))
Benzatropine (mg/day)® (mean (s.d.)) 3.0(1.6) 28(1.4) NS
Unmedicated subgroup (n=86) (n=i0)
Whole nuts per day (mean (s.d.)) 07 (0.3) 131(24) -
Chews per day (mean (s.d.)) 12(15) 24.21158) -
Estimated chewing time, h/day’ (mean (s.d)) 0.3 (0.4) 60(39) -
Age (mean (s.d)) 383(11.1) 411 (B6) NS
Males (n (X)) 5(833) 6 (60) -
Females (n (%)) 1 {167) 4 (40) -

I Some. but not all, chewers spht each whole betel nut (buuch) and chew each half (bitong ) separately
1. Frequency of chews x 15 min duration of each chew (based on the duration of peripheral physiological effects;

Chu, 1993)

1 The high mean chlorpromatine -equrvalent dosages result from distributions heavily skewed by a small number of
high-medication cuthers in both groups (note the large standard deviations)

Non- or casual chewers: n=24, chewers: n= 30
5 MNon- or casual chewers n=21, chewers: n =27

-~
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period: 29 members of the chewing group
(72.5%) said that they were chewing less
frequently than usual.

With the exception of the positve and
negative sub-scales (r=0.18), the PANSS
sub-scales and rotal score are sigmficantly
intercorrelated.  Therefore, although all
PANSS sub-scale and symprom cluster data
are reported with associated P values,
stanstically valid scale compansons shguld
be himited to those between the positve
and negative sub-scales.

The mean PANSS scores for the
chewing group were significantly lower
than those for the nonfhcwing groupjon
the positive, negative and general psycho-
pathology sub-scales, as was the rotal score
(Table 2). This trend was repeated n
symptom cluster measurements of thought
disturbance, paranoid belligerence and
anergia. Scores on the ESRS of extrapyra
midal symptoms (EPS) and tardive dys-
kinesia (TD) were not  significantly
different between the two groups. In com-
to a normanve Umited Srares

parison
PANSS sample of 240 medicated North
American patients  with  schizophrenia

(Kay et al, 1992), the positive and neganive
scale scores of nonchewers were ‘average’,
and those of chewers were ‘shghtly below’
to ‘below average’, suggesung that these
group-symptomatology profiles are broadly
comparable transculturally.

In the unmedicated subgroup, chewers
scored significantly lower on the scale for
neganve symptoms and the anergia symp-
tom cluster, on the general psychopath
ology scale and in total score (Table 3).
There were no significant between-group
differences in posiive symptoms. The un-
medicated chewers consumed more betel
nut than medicated chewers (24.2 v. 18.8
quid/day) with an associated increase in
estimated chewing ume from 4.7 1o 6 W/
day (Table 1). No significant differences
in EPS or TD scores emerged between the
WO groups.

Other substances

Betel chewing was not associated with the

use of other recreatonal substances,
whereas micotine, alcohol and manjuana
consumption were significantly positively
correlated (Table 4).

A significant negauve corrclanon
between cigarette smoking and  betel
chewing was found, that is, subjects tended
to be either exclusively chewers or smokers

(Table 4). However, most betel chewers

176

Table 2 Al subjects with schizophrenia: betel chewers (> 2 betel nuts per day) v non-chewers (n=70)

Chewers Non-chewers t P
(mean (s.d.)) (mean (s.d))
Positive and Negative Syndrome Scale (PANSS) (n=40) (n=30)
Positive syndrome scale’ 143(57) 19.2 (6.6) 33 o001
Negative syndrome scale’ 144 (67) 197 (7.1) ~32 0002
General psychopathology scale 317 (8.1) 38.4 (9.0) ~32 0002
Compesite scale -032(8.1) —-06(10.0) 012 N5
Total PANSS score 60.5(16.5) 773(173) —41 <0001
Thought disturbance symptom cluster B44l) 10.8 (4.4) -23 002
Paranoid belligerence symptom cluster AR va)) 73(3n -32 0002
Anergia symptom duster B50(38) 10.5 (4.4) -20 005
Activation symptom cluster B9{i6) 96(19) -6 NS
Depression symptom cluster 90(36) 95(37) -05 NS
Extrapyramidal Symptom Rating Scale (FSRS) (n=39) (n=129)
Parkinsonism 1.4{3.1) 10.4(5.8) 0.5 NS
Tardive dyskinesia 11(34) 24(26) 09 NS

L Independent varables (r=0.18)

Table 3 Subjects with schizophrenia not receiving medication: betel chewers (> 2 betel nuts per day)

¥ non-chewers (o~ 16)

Chewers Non-chewers t P
(mean (sd))  (mean (s.d))
Positive and Negative Syndrome Scale (PANSS) (r=10) (n=6)
Positive syndrome scale’ 154(7.2) 178(7.2) -06 NS
Negative syndrome scale' 12.7(5.8) 240(8.2) -32 0006
General psychopathology scale 296 (9.5) 422139 22 005
Compasite scale 27(54) - 6.2(10.2) 20 NS
Total PANSS score 57.7 (20.8) B4.0(24.4) -23 004
Thought disturbance symptom cluster 87 (50) 96 (36) ~04 NS
Paranoid belligerence symptom cluster 60(28) 71B(5.2) -09 NS
Anergia symptom cluster 74(30) 4.3 (5.0) ~34 0004
Activation symptom cluster 80(14) 93(26) 11 NS
Depression symptom cluster B4(45) 92(4.5 - 03 NS
Extrapyramidal Symptom Rating Scale (ESRS) (n=9) (n=5)
Parkinsonism . 133 (13.1) 42(40) 149 NS
Tardive dyskinesia 1.4(2.4) 30(33) 10 NS

| Independent variables (r= 0 43)

included tobacco as an ingredient of their -

chewing quid, resulung in a majority of
subjects (91.4%) consurming tobacco either
as part of a chewing qud or as smoked
Smokers, less,
consumed more tobacco, at an average of
13.8 agarertes/day v. 6.1 for those who
included tobacco in the betel quid.
Alcohol and mamjuana consumption
were not significantly related 10 PANSS
symptom scores. The relanonship between
and schizophrenia

cigarertes. none  the

agarerte  smoking

symptoms was a reversal of the betel data:

1 9%/

the total PANSS score of the smoking group
was significantly higher than that of the
non-smoking group (t=3.13, P=0.002).

DISCUSSION

Although it has been previously sugpested
that betel nut  alkaloids should be
considered in the search for pharmaco-
logical  treatments  for
(Smythues, 1977), to our knowledge this

schizophrenia

suggestion has not been pursued and this



Table 4 Correlation coefficients: substance
consumption per day

Betel Cigarettes Alcohol Marijuana

Betel 1o —0.43* —-004 -017
Cigarettes 1o 029" D44
Alcohol 1.0 0.53*
Marjuana 10

*P < D05, **P <00l (two-tailed)

is the first study to investigate the effects of /
betel nut directly on the symptoms of peo-
ple with schizophrenia.

Our results indicated that betel chewing
1s associated with less severe symptoms of
schizophrenia as measured by the PANSS.
Chewers scored significantly lower than
norchewers on the positive and negative
symptom measures of the PANSS. The
symplom sCofc differences between groups
were modest for the total group and
balanced berween posinve and negative
symptoms. When only subjects not
receiving medication were considered, the
group difference was substanval, manly
for negative symptoms. Among all subjects,
the group total scores of chewers were sig-
nificantly lower than those of non-chewers
(60.5 v. 77.3, t=—4.1, P<0.001) and
among unmedicated subjects the difference
i mean total PANSS score between
chewers and non-chewers was dramanc
(57.7 v. 84.0, t=— 2.3, P=0.04).

Muscarinic agonists

in schizophrenia

The main study hypothesis, that betel
chewing may exert a beneficial effect on
the primary symptoms of schizophremia, 1s
supportecd by these results, and the
muscarinic agomst acnon of the most
abundant betel nut alkaloid,
(Farnworth, 1976), provides the most
promising pharmacological  explanation
for this effect.

Despite  ambiguous  results 1n early
research (Davis et al, 1978), a number of
researchers propose that cholinergic agents
may modulate dopamunergic hyperacuviry
and prevent the emergence of positive
symptoms (Fricdhoff & Alpert, 1973;
Davis et al, 1978; Tandon & Greden,
1989; Tandon, 1999). Research supgests
that muscarinic  agonist denvatives  of
arecoline may excrt an atypical-hke acuon,

arecoline

amechoratung both negatve and positive

EFFECTS OF BETEL NUT ON PEOPLE WITH SCHIZOPHRENIA

symproms. Bodick et al (1997) report that
the selecuve M, agomist xanomeline, a
thiadiazole denivanve of arecoline (Moltzen
& Bjormholm, 1995), produced dose-
dependent reductions in delusions, hallu-
anations and other psychotic behaviours
in a clinical trial with pauents diagnoscd
with Alzheimer's discase. Shannon et al
(1998) performed prechnical rodent studies
assessing the use of xanomeline as an ann-
psychonc and produced results consistent
with the performance of atypical agents.
They conclude that “*xanomeline may pro-
vide a novel approach to the treatment of
psychosis with potential for a rapid onset
of action, efficacy against positive and
negative symptoms, and with hule or no
liability to produce extra-pyramidal side-
effects™ (sec also studies on other mus
cannic agents by Bymaster et al (1998)
and Shaancn el al (1999)).

Betel nut arecoline may have similar
effects to those of its denvatives described
above. Betel chewers hold the betel quid
in the buccal cheek caviry, utihsing an
absorpnon route that avoids first-pass
metabolism and maintaining betel alkaloids
in the blood stream for extended peniods.
The non-sclective  agomnust
arecoline may exert a crude atypical-hke
anupsychonc effect, in conjuncdon with
the parasympathetic effects
tolerated by habuual users. Such an action

acuon  of

routinely

may explain the favourable effect on
negative symptoms and the generally mld
EPS and TD among betel-chewing subjects
with schizophrema.

Extrapyramidal symptoms
and tardive dyskinesia

Extrapyramidal symptoms resulung from
betel nut consumption have been reported
previously  (Deahl, 1989). As discussed
above, no significant differences emerged
in ratings of EPS or TD between chewers
and non-chewers. Addinonally, no signi-
ficant differences emerged in dosages of
neuroleptic or anticholinergic medicaton.
Despite comphant (1.e. mamly depot)
long-term neuroleptic medication with sub-
stanual dosages for many subjeats, symp-
toms of TD were fairly infrequent among
the study parmmapants. Unambiguous TD
symptoms, such as choreoathetoid or buc
co-lingual movements, were scen in only 7
of the 70 parncapants (10%). In com
panison, a previous analysis of 76 srudies
(n=39187) has reported a TD prevaience

of 24.2% cross-culturally (Yassa & Jeste,
1992).

Other substances

In accordance with findings reported
clsewhere (Chong & Choo, 1996), our
results show that smokers’ PANSS scores
were  significantly  higher  than . non-
smokers’. The possibilitcy that  the
= favourable associanon between PANSS
score and betel chewing is an artefact of
non-smoking 1s unlikely, because most
chewers consumed tobacco in their quid.
Similarly, the finding that betel nut
tends to be used to the exclusion of other
substances is of interest, but is unlikely o
explamn the favourable association berween
betel chewing and milder symptoms of
schizophremia, as neither marijuana nor
alcohol consumption were significantly
related to group PANSS scores.

Social variability

Betel chewing 1s a socal activity
Micronesia and 1t may be associated with
milder symptomatology simply because
the pracuce uself 1s indicaove of, or
marks a return to, ‘normal’ social func-
uoning (Wilson, 1979). However, a social
functionality  explananon  for  group
differences in scale scores is not supported
by the data,
signuficant chewang v. non-chewing group
differences in  regard
indicators of social funcuonality — mantal

since  there were no

to  demographic

status, number of children, hiving situation
or employment status. Addwonally, an
assessment of social functioning is implicit
m the structure of the PANSS instrument
via mput from family members and case
workers. However, a social
funcooming instrument 1s  recommended
subsequent research to
direaly clanfy associations between social
functioning and betel chewing.

suitable

i any morec
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Associations between betel nut (Areca catechu) and symptoms of
schizophrenia among patients in Nepal: A longitudinal study.

Bales A, Peterson MJ, Ojha S, Upadhaya K, Adhikari B, Barrett B.

- -

University of Wisconsin-Madison, USA. aliciabales@gmail.com

i
Abstract -y

Betel nut is one of the mostly widely used substances in the world, particularly across Asia. Arecoline, a partial
muscarinic agonist, has been hypothesized to have beneficial effects on both positive and negative symptoms of
schizophrenia. This study aims to further explore associations between betel use and symptoms of schizophrenia in a
4-month longitudinal study in Nepal. Sixty Nepali patients with schizophrenia were recruited from regional outpatient
clinics. The Positive and Negative Syndrome Scale (PANSS) and the Social Adaptation Self-Evaluation Scale were
used to assess symptoms and social functioning in regular betel users and non-users. No significant group
differences or dose-response relationships were noted on either initial or follow-up assessments. Stratifying by sex
also failed to reveal zn association between symptoms and betel use, whici. _ands in contrast with previously
reported data from Micronesia. There were no differences seen in social functioning other than a significantly higher
proportion of betel users holding jobs. It was also noted that significantly fewer betel chewers were taking anti-
cholinergic medication, which may tentatively indicate a potentially therapeutic role in the future for partial muscarinic

agonists in the treatment of medication-induced movement disorders.
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Brief Report

The Effects of an Indigenous Muscarinic Drug, Betel Nut (Areca catechu), on
the Symptoms of Schizophrenia: A Longitudinal Study in Palau, Micronesia

Roger ). Sullivan, Ph.D.

Sylvia Andres, D.Ch.M.S., P.G.Dip.M.H.
Caleb Otto, M.B.B.S.

Wayne Miles, M.B.Ch.B., M.D,

Robert Kydd, M.B.Ch.B., Ph.D.

Objective: This study tested the findings of a prior study indi-
cating a therapeutic relationship between consumption of betel
nut and sydhptoms of schizophrenia i

Method: The subjects were 65 outpatients with diagnoses of
schizophrenia or schizoaffective disorder. Symptoms rated with
the Positive and Negative Syndrome Scale were compared be-
tween high- and low-consumption betel chewers in a repeated-

measures design. Movement disorders were assessed with the
Abnormal Involuntary Movement Scale and Simpson-Angus
Raiing Scale. Global health and social functioning were assessed
with the Medical Outcomes Study 12-item and 36-item Short-
Form Health Surveys, respectively. -

Results: Male high-consumption betel chewers had signifi
cantly milder positive symptoms than low-consumption chew-
ers over 1 year. Betel chewing was not associated with global
health, social functioning, or movement drsofdr:r-,. Betel chew
ng was associated with tobacco use but not with cannabis or
alcohol.

Conclusions: These findings have clinical significance in betel-
chewing regions and broader implications for theory of musca-
rinic neurophysiology in schizophrenia.

(Am ] Psychiatry 2007; 164:6 70-673)

Belel nut (Areca catechu) is ubiquitously chewed by
millions of people from East Africa to the Pacific and is the
fourth most widely used drug worldwide after caffeine,
nicotine, and alcohol (1). Arecoline, the principal betel al-
kaloid (2), is a potent nonselective muscarinic agonist (3,
4). Several associations have been drawn between the
pathophysiology of schizophrenia and muscarinic neu-
rotransmission, including evidence for pathology of mus-
carinic recepltors in people with schizophrenia (5), evi-
dence that muscarinic agonists are efficacious in animal
behavioral models of schizophrenia (6) and human clini-
cal studies (7), and evidence of neurochemical interac.
tions between dopaminergic and muscarinic neural Sys-
tems (6). The results from a previously conducted cross-
sectional pilot study in Palau, Micronesia, are suggestive
of a therapeutic relationship between consumption of be-
tel nut and the symptoms of schizophrenia (8,9). The aim
of the current research was 10 test the pilot study findings
with a longitudinal research design in the same serting.

Method

The study was carried out at the Behavioral Health Division, Be
lau Natonal Hospital, between December 2002 and February 2004
Informed consent was obtained from 69 Palauan outpatients, 47
men and 22 women, with a DSM- IV diagnosis of schizophrenia or
schizoaffective disorder (with mainly schizophrenic course). The
participants were enrolled ad hoc at the time of their scheduled
outpatent contacts with the Behavioral Health Division.

Rating instruments were a self-report substance use scteen de
signed for the study, the Positive and Negative Syndrome Scale
(PANSS) (10), the Medical Outcomes Study 12-item Short-Form
Health Survey (version 2) (11), the social functioning subscale of
the Medical Qutcomes Study Short-Form Health Survey (version

670

ajp psychiatryoniine org

2) (12). the Abnormal Involuntary Movement Scale (13), and the
Simpson-Angus Rating Scale (14).

The study participants were rated in three assessment cycles:
an initial *baseline” assessment, then at an average of 4 months
and 8 months of follow-up. The field rater was a Palauan nurse
trained in the administration of the research instruments at the
Clinical Research and Resource Centre, Auckland, New Zealand.
The PANSS interviews of seven participants (10.8% of completers)
at baseline and six participants (9.2% of completess) in the sec
ond assessment cycle were videotaped for external interrater reli
ability testing, carried out by a team of Clinical Research and Re-
source Centre clinicians. Mean interrater coefficients for the
PANSS positive and negative scales in the two assessment cycles
ranged from 0.75 to 0.95.

Statistical tests were between-subjects analysis of variance,
with PANSS and other scale ratings as dependent variables and
gender and betel-consumption Broups as independent factors
Participant betel nut consumption was the average of the three
assessment cycles. The allocation of the participants into chew
ing and nonchewing groups was an issue in that the major ity of
participants were bétel chewers, including a large proportion of
sporadic casval users. These problems were addressed by form
ing factor groupings around the median of consumption. There-
fore, non- and low-consumption betel chewers were those below
or equivalent to the median of betel consumption among users in
the group under consideration, and high-consuming betel chew
ers were the participants above the group median.

Results

The 69 enrolled participants had a mean ageof 41.9
vears (SD=7.6), a mean age at onset 0f 22.9 years (SD=5.2),
amean age at first admission of 24.3 years (5D=9.0), and a
mean duration of illness of 19.0 years (SD=7.9); the group
had averaged 7.3 admissions since onset (SD=7.1). The
mean chlorpromazine-equivalent dosage among the 60
participants (87.0%) feceving antipsychotic medication

Am | Psychiatry 164 4. April 2007
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TABLE 1. Clinical Characteristics of 45 Male Outpatients With Schizophrenia or Schizoaffective Disorder, by Betel Nut

Chewing Status

Main Etfect for

Baseline 4 Months 8 Months Chewing Status
Vanable/Chewing Status® N Mean SD Mean sD Mean SD F df 0
Positive and Negative Syndrome Scale = -
positive symptoms 5.85 1,43 0.02
High consumption 14 14.4 38 143 41 148 5.8
Low consumption n 18.9 69 185 65 193 7.4
Positive and Negative Syndrome Scale
negative symptoms 076 1.43 0.39
High consumption 14 14.6 44 144 59 15.1 6.5
Low consumption 31 17.3 5% 149 39 156 4.9
Medical Otitcomes Study 12-item Short- -
Form Health Survey total score 0.12 1,43 0.73
High consumption 14 39.0 81 404 B4 400 7.0
Low consumption 3 40 66 408 6.9 404 7.0
Medical Outcomes Study 36-item Short- |
Form Heglth Survey social score 00y 1,43 0.87
High consumption 14 7.0 23 72 22 7.4 19
Low consumption 3 7.3 21 74 20 7.5 1.5
Abnormal Involuntary Movement Scale 286 1,43 0.10
High consumption 14 43 6.1 2.1 26 0.6 24
Low consumption 31 5.0 59 53 63 39 51
Simpson-Angus Rating Scale 1.58 1,43 0.22
High consumption 14 1.9 27 09 13 1.4 24
Low consumption n 20 21 22 2.2 20 25
Betel chews (whole nuts/day) 9584 1,43 <0.000
High consumption 14 13 60 13.1 46 14.2 8.0
Low consumption 31 22 34 27 40 22 33
Chlorpromazine equivalents 000 1,43 0.99
High consumption 14 450.3 6239 396.7 478.3 399.4 476.8
Low consumption 3 4321 4025 390.3 3265 4273 4180
Benztropine 230 1,42 0.14
High consumption 14 1.8 17 19 1.8 20 1.9
Low consumption n 2.9 16 2.7 15 26 1.5

# High consumption: >median 7.5 whole bétel nuts/day. low consumption: < median 7.5 whole betel nuts/day.

was 438.4 mg/day (SD=368.6). Forty-nine patients (75.4%)
were receiving a mean dosage of benztropine 2 7 mg/day
{SD=1.3) anticholinergic medication,

Four patients did not complete the study or were ex-
ciuded because of acute phases of illness during the as-
sessment cycles. Among the 65 completers, 49 (75.4%)
were betel chewers, 63 (96.9%) smoked and/or chewed to-
bacco, 22 (33.8%) drank alcohol, and 29 (44.6%) smoked
cannabis during the course of the study. Both men and
women consumed betel and tobacco, but consumption of
alcohol or cannabis was predomingntly a male phenome-
non: 66.7% (N=30) of the men versus 20% (N=4) of the
women (x2=12.09, df=1, p=0.001).

In repeated-measures analyses, there were no signifi-
cant relationships between betel chewing and positive or
negative symptoms for the entire cohort. However, an im-
portant finding of the 1998 pilot study was significant gen-
der differences in symptoms and responses to betel chew-
ing in Palauans with schizophrenia (9). When the data for
men were analyzed separately, male high-consumption
betel chewers (> median 7.5 betel nuts/day) had signifi-
cantly lower positive symptoms than did low-consump-
tion or nonbetel chewers (< 7.5 betel nuts/day) (F=5.85,
df=1, 43, p=0.02) (Table 1). In comparisons between the
male high-consumption and low-consumption groups,
there were no significant differences in PANSS -rated nega-

Am | Psychiatry 164 4, April 2007

tive symptoms, global health and well-being as measured
by the Medical Outcomes Study 12-iiem Shori-Form
Health Survey, social functioning as measured by the 36-
item Short-Form Health Survey, tardive dvskinesia as
rated by the Abnormal Involuntary Movement Scale, and
parkinsonism as rated by the Simpson-Angus Rating
Scale; there were also no significant differences in dosages
of antipsychotic or anticholinergic medication (Table 1).

In analyses between betel nut consumption and the use
of other drugs, there were no relationships between male
betel chewing and cannabis or alcohol use, but there was
significantly reduced total tobacco consumption among
the high-betel-chewing group (F=7.05, df=1, 42, p<0.02].
When other drugs were assessed as independent covariates
in relation to male positive symptoms and betel consump-
tion, there were no significant interactions with mean tetal
tobacco consumption (F=1.79, df=1, 42, p=0.19), mean can-
nabis consumption (F=0.87, df=1, 42, p=0.36), or mean al-
cohol consumption (F=0.55, df=1, 42, p=0.46).

There were no significant relationships between betel
chewing and positive or negative symptoms among the fe-
male participants. However, when we compared the
women to the men as a group, the women showed a ten-
dency toward lower PANSS-rated positive symptoms (F=
3.47, di=1. 63, p<0.07), significantly greater consumption
of betel nut (F=8.20, di=1, 63, p=0.006}, and significantly
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reduced total consumption of tobacco (F=7.95, df=1, 63,
p=0.006).

Discussion

The results of this prospective naturalistic study are sug-
gestive of a therapeutic relationship between betel chew-
ing and positive schizophrenia symptoms among men,
confirming similar findings in the 1998 pilot study (8; see
reference 9 for gender differences). Tandon and Greden
(15; see also reference i6) emphasize the importance of a
modulating relationship between dopaminergic and cho-
linergic neurotransmission in the neurophysiology of
schizophrenia, providing one possible theoretical ratio-
nale for the current sltldy findings. They propose that
muscarinic agonists exert a therapeutic effect by increas-
ing cholinergic activity while dampening dopaminergic
activity. The amelioration of positive symptoms among
male high-consumption betel chewers in the current
study is somewhat consistent with this model, although
predicted concomitant acute extrapyramidal symptoms
and elevated negative symptoms are absent. A second per-
spective is provided by Bymaster and colleagues (6), who
noted that “many of the neurochemical effects of muscar-
inic agonists such as neurotransmitter release and Fos ex-
pression are similar to those of atypical antipsychotic
agents.” In this view, there are as yet poorly understood
similarities between the action of muscarinic agonists and
atypical antipsychotics that may underlie parallels in an-
tipsychotic efficacy.

The absence of a relationship between movement disor-
ders and betel consumption is counterintuitive given the
cholinergic action of betel nut and may reflect tolerance to
the cholinergic side effects of betel consumption among
chronic users and/or documented gender and cross-cul-
tural variability in the expression of tardive dyskinesia
(17). The gender differences in betel nut consumption and
related symptoms are also curious at first glance, but both
animal (18) and human (19) studies have noted significant
gender differences in behavioral and pharmacokinetic re-
sponses to cholinergic agents.

Previous research has suggested that betel consumption
may be associated with a more favorable course of illness
because chewing is a social activity pursued by relatively
well individuals (20). Although results from the two-item
social scale from the Medical Outcomes Study 36-item
Short-Form Health Survey should be treated with caution,
our analysis revealed no relationship between betel chew-
ing and social functioning, or global health and well-being
as measured by the 12-item Short-Form Health Survey.

There were no significant relationships between posi-
tive symptoms in men and the use of alcohol, cannabis, or
tobacco in between-subjects factor analyses or when
these other drugs were assessed as independent covari-
ates. However, betel consumption is not independent of
tobacco consumption in that most betel chewers in Palau

672 ayp psyc hiatryonline org

also chew or smoke tobacco and because both men and
women high-betel users consumed approximately half as
much tobacco as non- or low-betel users. The absence of a
statistical relationship between schizophrenic symptoms
and tobacco consumption in the study cohort suggests
that the effects of betel and tobacco use are independent,
but further research in a population that does not simulta-
neously use tobacco and betel is recommended.

Muscarinic agents are recognized as potential treat-
ments for cognitive deficits associated with schizophrenia
and other mental disorders (6). Future studies should in-
clude a suitable cognitive-functioning instrument to as-
sess the relationship between betel consumption and cog-
nitive deficits associated with schizophrenia. To date, beth
of the studies investigating the relationship between betel
consumption and schizophrenia have been carried out in
the Republic of Palau, and further research is required to
test these findings in a different physical setting and cul-
tural context.

Received Nov. 25, 2005; revision recerved May 10, 2006; acceb\ed
July 21, 2006. From the Department of Anthropology. California State
Uriversity, Sacramento; the Behavioral Health Division, Belau Na-
tional Hospital, and the Bureau of Public Health, Ministry of Health,
Republic of Palau, Micronesia; and the Knowledge Centre, Waite-
mata Health, and the Depaniment of Psychological Medicine, Univer-
sity of Auckland, Auckland, New Zealand. Address correspondence
and reprint requests to Dr. Sullivan, Department of Anthropology,
California State University, Sacramento, 6000 | St., Sacramento, CA
95819-6106; sullvar@csus. edu (e-mail).

All authors report no competing interests.

Supported by grants from the Stanley Medical Research Institute
(02R-225) and the New Zealand Schizophrenia Fellowship.

The authors thank the study participants, research assistant Nancy
Mengloi, the nurses and staff at the Behawvioral Heahh Diwvision, Belau
National Hospital, and ). Allen, P Aribuk, |. Byrd, M. Biskowski, M. Di
Domizio, A. Franz. A. Lyman, H. Masayos, K. Nero, G. Robinson, |
Tiobeck, A, Wheeler, and two anonymous reviewers

References

1. Marshall M: An overview of drugs in Oceania, in Drugs in West.
ern Pacific Soaeties: Relations of Substance: ASAD Monograph
Number 11, Association for Social Anthropology in Oceania
Monograph Series. Edited by kindstrom L. Lanham, Md. Ui
versity Press of Amenca, 1987, pp 1349

2. Farnworth ER. Betel nut—its composition, chemustry and uses
51 New Guinea 1976; 4:85-90

3. Jakubik |, Bacakova L, El Fakahany EE, Tucek S: Positive cooper-
ativity of acetylcholine and other agonists with allosteric
Iigands on muscannic acetylcholine receptors. Mol Pharmacol
1997, 52:172-179

4. Asthana S, Greig NH, Holloway HW, Raffaele KC, Berardi A,
Schapiro MB, Rapoport 51, Soncrant 11 Clinical pharmacoki
netics of arecoline in subjects with Alzheimer’s disease. Chin
Pharmacol Ther 1996, 60.276-282

5. Katenna Z, Andrew K, Filomena M, Xu-Feng H. Investigation of
m1/m4 muscanmc receptors in the anterior angulate conex in
schizophremia, bipolar disorder, and major depression disor
der. Neuropsychopharmacology 2004, 29:619-625

6. Bymaster FP, Felder C, Ahmed S, McKinzie D: Muscarinic recep
tors as a target for drugs treating schizophremia, Curr Drug Tar
gets ONS Newrol Disord 2002; 1:163-181

Am | Psychiatry 164 4, Apri! 2007

| 28%

A



10.

7.

12,

33.

Pfeiffer CC. lenney EH: The inhibion of the conditioned re-
sponse and the counteraction of schizophrenia by muscarinic
stimulation of the brain. Ann NY Acad S 1957, 66:753-764
sullivan R}, Allen JS, Onto C, Tiobech S, Nero K. The effects of
chewing betel nut (Areca catechu) on the symptoms of people
with schizophrenia in Palau, Micronesia. Br | Psychiatry 2000;
177:174-178

. sullivan R): The Use of Betel Nut and Other Psychoactive Sub-

stances and Their Effects on the Symptoms of People with
schizophrenia in Palau, Micronesia. Unpublished doctoral the-
sis. Auckland, NZ, Uriversity of Auckland, 2001

Kay SR, Opler LA, Fiszbein A: Positive and Negative Syndrome
Scale (PANSS): Mandal. New York, Multi-Health Systems, 1992
Ware ) Jr. Kosinski M, Keller SD: A 12-item short-form health
survey: construction of scales and preliminary tests of reliabil-
ity and validity. Med Care 1996; 34:220-233

ware JE Jr, Sherbourne CD: The MOS 36-item Short-Form
Health Survey (SF-38), I conceptual framework and item selec-
tion. Med Care 1992, 30:473-483

Guy W (ed): ECDEU Assessment Manual for Psychopharmacol-
ogy: Publication ADM 76-338. Washington, DC, US Department
of Health, Education, and Weifare, 1976, pp 534-537

4.

15

16.

18.

19.

20,

BRIEF REPORTS

Simpson GM, Angus JWS: A rating scale for extrapyramidal side
eftects. Acta Psychiatr Scand Suppl 1970, 212:11-19

Tandon R, Greden |F: Cholinergic hyperactvity and negative
schizophrenic symptoms: a model of cholinergic/dopaminer-
gic interactions in schizophremia. Arch Gen Psychiatry 1989,
46:745-753

Tandon R: Cholinergic aspects of schizophrenia. Br | Psychiatry
Suppl 1999; 37:7-11

. Yassa R, Jeste DV: Gender differences in tardive dyskinesia: a

critical review of the literature. Schizophr Bull 1992;18:701-
715

Don;\_.r EC, Caggiula AR, Rowell PP, Gharib MA, Maldoyan V.
Booth S, Mielke MM, Holfman A, McZallum S: Nicotine self-ad-
ministration in rats: estrus cycle eftects, sex differences and
nicotimic receptor binding Psychopharmacology (Berl) 2000;
151:.‘1.92»405

Craft RM: Sex ditferences in drug- and non-drug-induced anal-
gesia. Life Sa 2003; 72:2675-2688

wWilson LG: Cross-cultural differences in indicators of improve-
ment from psychosis: the case of betel nut chewing. | Nerv
Ment Dis 1979; 167:250-251

673

Am | Psvehuatry 164 4, Apnil 2007 q ayp psychiatrvoniine org

256

——



i = —
JREs
-_—
Journal of Toxicology and Environmental Health, Part A, 64:465-472, 2001 ol
Copyright© 2001 Taylor & Francis N "-{,‘ —
1528-7394 /01 $12.00 + .00 b &
N
—
BETEL QUID CHEWING AND RISK OF ADVERSE BIRTH
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—
It is known that substance abuse during pregnancy is associated with increased risk of
adverse birth outcomes. The aim of this study was to determine the use of alcohol, ciga-
rettes, betel quid, and drugs among pregnant aboriginal women and to assess the risk of -
adverse effects of betel quid use on birth outcomes in eastern Taiwan. Of a total of 229
women recruited into this study, 32 women with adverse birth outcomes constituted the
case group. Analyses revealed that adverse birth outcomes were associated with maternal
betel quid chewing and matemal age. After adjusting for maternal age, the risk of adverse —-—
birth outcome was five times higher among betel quid chewing women as compared to
substance nonusers. Based on this finding, it is suggested health education, especially
when concerned with the harmiul effects of substance abuse, which includes betel quid
use during pregnancy, should be stressed in concert with routine prenatal care —

In the general population in Taiwan, the prevalence rate of betel quid
chewing is approximately 10% irrespective of gender or age; however, in -
the aborigine population the rate of betel quid chewing is as high as 42%
(Ko et al., 1995). Further, chewing betel quid is associated with alcohol
drinking or cigarette smoking. The association between adverse birth out-
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comes and cigarette smoking or alcohol use has been widely studied
(Larroque et al., 1993; Brown et al.,, 1996; Hulse et al., 1997; Bennett,
1999). However, few studies have examined the relationship between
betel quid chewing and adverse effects on reproduction. Previously, Yang
et al. (1999) found adverse pregnancy outcomes, including spontaneous
abortion, premature labor, and slillbirth, in women whé had chewed betel
quid during their pregnancy.

Betel quid is a known cocarcinogen implicated in oral cancer (Ko et al.,
1995; Lu et al, 1996). Betel quid consists of three ingredients: betel nut,
slaked lime, and,a piece of unripe fruit from piper betél. Consumption of
betel nut is known to produce various autonomic nervous system effects in-
cluding feeling warm, sweating, cardioacceleration, salivation, and en-
hanced alertness. The cytotoxicity and carcinogenic effects of betel nuts are
well known (Dave et al,, 1992; Jeng et al., 1999). The unripe piper betel
fruit contains safrole, which is suspected to be a possible human carcino-
gen (Vainio & Wilbourn, 1992). In Taiwan, it has been found that 23.7% of
aboriginal women chewed betel quid during their pregnancy, as compared
to 0.78% of nonaboriginal women in eastern Taiwan (Lua et al., 1995). Due
to the high prevalence of betel quid chewing in female aborigines (Yang
et al., 1996), the negative health effects on pregnant mothers and develop-
ing children are of the greatest public health concern. However, little is
known of the relationship between betel quid chewing and adverse birth
outcomes. The purpose of this study was (1) to estimate the exposure rate of
psychoactive substance use among aboriginal pregnant women, especially
betel quid chewing, and (2) to assess the extent of adverse effects of betel
quid chewing on birth outcomes.

METHODS

Study Population

From February to September 1998, 229 aboriginal women who gave
birth during that period were recruited from a regional hospital in eastern
Taiwan for this case-control study. The response rate was 70.1%. Among
the participants, those had given birth to a child with (1) low birth weight
at full term (birth weight less than 2500 g and with gestation of more than
37 wk), (2) preterm delivery (delivery before 37 wk), or (3) any maiforma-
tion were considered as the case group. Thirty-two participants were
recruited as the case group, which included 10 of low birth weight with
full term, 20 preterm, and 2 with malformation. Participants whose babies
were without any of these conditions constituted the control group (n =
197). The average age of the mother in the case group was 29.1 yr (SD =
7.0 yr), average body weight before pregnancy was 57.0 kg (SD = 9.0 kg),
weight after pregnancy was 70.0 kg (SD = 11.5 kg), average body height
was 155.0 cm (SD = 4.8 cm), average husband body height was 168.1 cm
(SD = 5.3 cm), and average husband body weight was 70.1 kg (SO = 9.2
kg). In the control group the average maternal age was 25.8 yr (SD = 5.6
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yr), average body weight before pregnancy was 57.0 kg (SD = 10.5 kg)
weight after pregnancy was 71.3 kg (SD = 11.4 kg), average body height
was 157.1 cm (SD = 5.2 cm), average husband body height was 169.4 cm
(SD = 5.6 cm), and average husband body weight was 71.9 kg (SD = 9.1
kg). There were no significant differences between the case and control
mothers with the exception of average age, which was significantly higher
in betel quid chewers.

Data Collection

The participants, whd were admitted into the hospital (Iéngth of stay
approximately 3-5 d) for delivery, were interviewed by trained interviewers
using a questionnaire developed and evaluated by the authors. The ques-
tionnaire was designed to collect information about (1) sociodemographic
background, (2) substance use (betel quid chewing, alcohol consumption,
smoking, drug use) during pregnancy, and (3) obstetric data such as past
obstetric history, parity, and birth outcomes including birth weight, body
length, APGAR score,-and malformation of newborn. Part 3 was completed
according to the hospital’s chart records. The majority of the participants
completed the questionnaire within 72 h after their delivery.

Validity and Reliability

Five public health and two obstetric experts were called on to analyze
the items of this questionnaire and oversee content coverage and adequacy.
Reliability coefficients for the continuous or ordinary variables were re-
ported in the range of 0.78 to 0.89 within the aboriginal women sample;
the internal consistency in categorized variables was in the range of 0.85
to 0.91, respectively.

Statistical Analysis

Crude odds ratios (ORs) with 95% confidence intervals (Cls) or Student’s
t-iest was used to examine the relationship between the birth outcome
and the variables such as usage of betel quid, cigarettes, and alcohol.
Similar procedures were applied to examine the relationship between ad-
verse birth outcome and the sociodemographic or obstetric characteristics
(age, education, sex of the infant, maternal body weight, blood relation,
martial status, prenatal care, gravidity), and then subsequently examined
using multiple logistic regression to assess the odds ratio (OR) of the Sig-
nificant variables in relation to the adverse birth outcome while at the
same time controlling for other variables.

RESULTS

The rate of substance use during pregnancy in the case group was
found to be as follows: 65.6% for alcohol drinking (more than 3 drinks
per occasion: 34.4%), 37.5% cigarette smoking, 68.8% for betel chew-
Ing, 75% cigarette smoking by husband. In the control group there were
48.73% alcohol drmking (more than 3 drinks per occasion: 23.4%), 22 3%
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cigarette smoking, 48.7% betel chewing, and 75.6% cigarette smoking by
husband. Bivariate analyses between case and control by maternal age,
level of education, occupation, marital status, number of prenatal care
(prenatal OPD visit: number of visits), gravidity, blood relations, maternal
body weight and body height, husband’s body weight and body height,
husband’s smoking habit,.and husband’s occupational exposuré were per-
formed. The partial results are shown in Table 1. There were no signifi-
cant differences between the adverse birth outcome and maternal para-
meters except for age. The correlation between adverse birth outcome
such as low birth weight or preterm birth and substance abusé is shown
in Table 2. A significant association was found between low birth weight,
preterm birth, and maternal betel quid chewing. The mean birth weight
for the infants of betel quid chewers and those of betel nonchewers was
3030 and 3200 g, respectively, which was significant. Comparisons of the
demographic variables, maternal alcohol drinking, cigarette smoking, and
betel quid chewing during pregnancy between the case group and con-
trol group are shown in Table 3. The estimated odds ratio of adverse birth
outcome was significantly higher in women who were bete! quid chewers
during their pregnancy. After controlling for maternal age, cigarette smok-
ing, and alcohol consumption, a significantly higher rate of adverse birth
outcome occurred in women who chewed betel quid during pregnancy
(adjusted odds ratio, AOR = 5.0, 95% CI = 1.1-23.0). There also appeared
to be an additive effect of cigarette smoking and alcohol 'consumption, as
betel quid chewers who were exposed to these other known teratogens
had a higher prevalence of adverse birth outcome than betel quid chewers
who did not drink or smoke (AOR = 5.7, 95% Cl = 1.6-20.3) (Table 4).

DISCUSSION

The genotoxicity and carcinogenicity of tobacco and alcohol are well
established. There is abundant evidence to indicate that there are adverse
effects of alcohol drinking and cigarette smoking on birth outcome, in-

TABLE 1. Demographic and Selected Obstetric Features of Aborigines With and Without Adverse
Birth Outcome

Aborigines Aborigines

without adverse with adverse

birth outcomes, birth outcomes
Maternal parameter mean (SD} mean (50}
Age (yr) 25.8(5.6} 29.1 (6 9y
Body weight after pregnancy (kg) 71.3(11.4) 69.9(11.5)
Body weight before pregnancy (kg) 56.9(10.5) t 57.0(9.0)
Height (cm) 157.11(5:2) 155.014.8)
Body weight increase during pregnancy (kg) 109071 791(21.8)

*Significant versus no adverse birth outcome {p < .05).
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TABLE 2. Odds Ratios and 95% Confidence Intervals (CI) for Low Birth Weight (LBW) and Preterm
Birth by Maternal Betel Chewing, Drinking, and Smoking Among Aboriginal Women

LBW with full terms (n = 10) Preterm (n = 20)
No/yes OR (95% C1) Nolyes OR (95% C1)
Maternal betel chewing
No 11071 1.0 793 1.0
Yes 1099 9.1 (1.6-51.80" 130017 34(0.1-11.4¢
Maternal drinking L i
No 108/4 1.0 160/13 1.0
Yes 111/6 1.5 (0.4-5.3) 497 1.8(0.7-4.6)
Maternal smoking
No 167/6 1.0 105/7 1.0
Yes 52/4 2.1 (0.6-7.7) 104/13 1.9 (0.7-4.8)

“Significant.

cluding low birth weight, preterm delivery, and malformations (Little et
al., 1986; Ahlborg & Bodin, 1991; Larroque et al., 1993; Brown et al.,
1996: Hulse et al., 1997; Bennett, 1999). A similar trend was found in
this study, but due to the limited number of cases statistical significance
was not reached. The habit of betel quid chewing, together with tobacco
chewing or smoking, has been associated with an increased risk of oral
cancers (IARC, 1985). Data in this study also demonstrated an additive
adverse effect of betel quid chewing and smoking or alcohol on adverse
birth outcome.

The fetotoxic potential of betel nuts has been investigated in rodents.
it was found that arecoline, a component of betel nuts, is mutagenic
(Shirname et al., 1983) and carcinogenic to rats (Nishikawa et al., 1992).
Betel nuts also inhibit the synthesis of nucleic acids and protein in mouse
fetuses (Sinha & Rao, 1985a). The mean weight of live mouse fetuses was
found to be reduced by exposure to betel nuts in a dose-response manner
(Sinha & Rao, 1985b). In humans a similar result was found in that the
birth weight of babies born to pregnant betel nut chewers was significantly
lower than thaf of infants born to women of similar age and province of
birth but who had never chewed betel quid (De & Griew, 1982). Chewing
betel quid was found to significantly reduce infant birth weight, confirm-
ing previous findings. It is of interest that maternal cigarette smoking also
lowered infant birth weight.

In Taiwan, most betel quids are prepared with a piece of unripe piper
betel fruit, which contains about 1% safrole, which is both genotoxic and
mutagenic (Darroudi & Natarajan, 1993; Diamon et al., 1998). Our pre-
vious study found that the prevalence of adverse pregnancy outcome
(such as abortion) was significantly higher among betel quid chewing
women (Yang et al., 1999). Similar results were found in this study (data
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not shown). The variables that were probably associated with low birth
weight and premature delivery were examined, but no significant differ-
ences were found in maternal education, paternal smoking, previous preg-
nancies number, or paternal occupational exposure in this study. The mech-
anisms underlying fetal growth retardation and premature delivery due to
exposure from maternal betel quid chewing remain poorly understood. As
shown in rodents, betel quid components may inhibit the synthesis of nu-
cleic acids and protein in fetuses (Sinha & Rao, 1985a).
There are a number of reasons cited for betel quid chewing durin

pregnancy: 20.1% for candy substitute, 17.5% as a savor, and 10% for an
alertness effect. In tests to find out how betel quid chewing affects the

TABLE 3. Demographic Features and Substance Use During Pregnancy of Aborigines With and
Without Adverse Birth Outcomes

Control group, Case group,
n (%) n (%) OR

Educational level

>9yr 110 (55.8) 13 (40.6) 1.0

<9 yr 87 (44.2) 19(59.4) 19
Marital status

Married 173 (87.8) 29(90.6) 1.0

Others 24(12.2) 3(9.4) 0.8
Employment status

fmployed 36(18.3) 8(25) 1.0

Unemployed 161 (81.7) 24 (75) 07
Maternal betel chewing

No 101 (51.1) 10(31.3) 1.0

Yes 96 (48.9) 22 (68.7) 2.3°
Maternal smoking

No 153 (77.7) 20(62.5) 1.0

Yes 44 (22.3) 12(37.5) 21
Maternal drinking

No 101 (51.3) 11(34.4) 1.0

Yes 96 (48.7) 21 (b5.6) 2.0
Paternal smoking

No 48 (24.4) 8(25.0) 1.0

Yes 149 (75.6) 24 (75.0) 09
Paternal occupational exposure

No 145 173.6) 21 (65.6) 1.0

Yes 52 (26.4) 11(34.49) 1.5
Maternal drug use

No 194 (98.5) 32 (100) —

Yes 3(1.5) 0 (0)

*Significant versus respective control.
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TABLE 4. Adjusted Odds Ratios {AOR) and 95% Confidence Intervals (Cls) of Subsiance Use During
Pregnancy in Abonigines With and Without Adverse Birth Outcomes

Alcohol drinking

User Nonuser
Cases/ Cases/

Substance use controls  AOR*  (95% CI) controls  AOR* {95% C1)
Betel chewing users {

Used of cigareties 933 5.7 16-203" 176 32 03-334

Nonuser of cigarettes 7142 3.1 08-113 5/15 50 1.1-23.0*
Betel chewing nonusers

User of cigarettes 173 4.5 0.3-69.5 12 10.7 0.8-1525

Nonuser of cigarettes ans 43 0.98-19.0 478 1.0 —_

“AOR: odds ratios adjusted for the maternal age covariate.
*Significant.

fetus, only 45% of the participants recognized the harmful effects. It is con-
sidered that a lack of knowledge may contribute to the significant higher
rate of betel use during pregnancy in aborigines. Strategies of prevention
or control of betel quid chewing among aboriginal women should include
(1) cessation of substance use habits, (2) removal of carcinogenic compo-
nents (piper betel fruit) and/or change to a safe substitute, and (3) empha-
sis on the undesirable effects of substance use on reproduction in the
health-promotion side of prenatal care. This study is limited by the selected
nature of the population examined and the heierogeneous population of
adverse birth outcomes. Clearly, further research is needed.
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Prenatal exposure to arecoline (areca nut alkaloid) and birth

outcomes
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(areca nut), the leafl of the betel pepper (Piper betle), and

lime, is a drug commonly consumed by Asian popula-
tions and Asian communities living in Europe and North
America.’

Some authors have reporied a significantly higher pre-
valence of adverse pregnancy outcomes, including sponta-
neous abortion, low birth weight, and preterm birth,” among
women who chewed betel quid during gestation than in non-
consumers. However, none hypothesised chronic exposure of
the fetus to arecoline (the principal alkaloid of the areca nut)
as a possible mechanism.

To investigate if chronic exposure 1o arecoline can lead 1o
adverse birth outcomes, some not yet recognised, we set up a
clinical observational study on six newborns from Asian
mothers who admitted 1o betel nut consumption during
pregnancy.

Pregnant women, recnunted within the framework of the
Meconium Project at the Hospital del Mar in Barcelona
Spain, had a complete clinical examination and were
interviewed about their use of cigarettes and illicit drugs
during pregnancy. At the time of delivery, newborn somato-
metry and clinical signs were recorded

The betel nut, composed of the sliced nut of the areca palm

Arecoline concentration was determined in meconium 1o
assess fetal exposure 1o this alkaloid and in the placenta, to
be associated with studies on the morphology of placental
tissue from consumer mothers.' * Meconium samples were
also analysed for jhe principal drugs of abuse and cotinine 10
exclude prenatal exposure 1o drugs other than arecoline.

Two adverse birth outcomes were observed in the six
exposed newboms (table 1). In both cases, risk factors other
than chronic betel quid consumption could be excluded from
maternal records, and neonatal brain ultrasonography was
inconclusive. Focal inllammatory changes in the amniochor-
ial membranes were observed in the placentas in both cases
(table 1), and in case 3 a decreased median diameter of the
vessels in both maternal and fetal surface villi was also
observed

Although the effects of betel chewing are well established
in adults, teratogenic effects of prenatal betel exposure have
only been shown in animal models,® and data for humans are
scant.”

In our study, arecoline was determined in biological
matrices accounting for acute and chronic fetal exposure to
this substance, exposure associated with placental abnorm-
alities, and neonatal outcomes, including neonatal with-
drawal syndrome, as an exceptional adverse birth outcome
not yet described in the literature. The recognised biochem-
ical effects of arecoline on the autonomic nervous system and
the recognised embryotoxicity in animals, together with our
findings, allowed us 1o hypothesise a number of effects on
the fetus related 1o abnormalities of the fetoplacental circula
tion, similar to those observed with nicotine or cocaine.

These preliminary findings did not allow any definitive
conclusion on the correlation between fetal exposure 1o
arccoline and clinical outcomes. Information on differences
in patterns of drug use (amount, timing, and duration of
drug exposure). related 10 clinical outcomes, was not

Td:bl Rewllsohhedmlodobsavmond shdyonsunewbomfrunmhenwlbdaewedbeldmdumgpmgmq
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3 2430 47 3 41 Low birth weight, - 435 g; mocro normal; 0.006 0.009
' oge, hyporeflexia, hypotonia vasculor diometer

4 3280 49 34 39.6° None 548 g; mocro and mico normd 0,022 0.013

5 2845 48 32 383 None 498 g; moco ond mico normd. NA 0.015

6 3575 52 a5 40.4 None 468 g; mocro and mico normd 0,017 0.014
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available from the swudy gquestionnaire, nor could it be
deduced from the arecoline concentration in the meconium,
as is the case for other illicit drugs. Furthermore, as this was
the first time that arecoline had been detected in meconium
and placenta, no concentration ranges were available, which
may have allowed speculations on amounts.

Our observations require support from further investiga-
tions, addressing the above issues and including an extended
follow up of prenatally exposed newborns in areas with a
high prevalence of betel nut consumption.
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The effect of maternal betel quid exposure during pregnancy on adverse birth
outcomes among aborigines in Taiwan.
—
Yang MS, Lee CH, Chang SJ, Chung TC, Tsai EM, Ko AM, Ko YC.
College of Nursing, Kaohsiung Medical University, No. 100 Shih-Chuan 1st Road, Kaohsiung 807, Taiwan.
-—
i i
Abstract
In considering documented developmental toxicity and teratogenicity found in earlier research, matemal betel quid —
chewing may very well be linked to a higher risk of adverse birth outcomes. The aim of this study was to investigate
the significance of betel quid chewing, together with the use of cigarettes or alcohol, either independently or ™
combined, on birth-related outcomes. A total of 1264 aboriginal women who had just given birth in 10 hospitals in
Southern and Eastern Taiwan were recruited. Information on their maternal and newborn characteristics was 7
obtained from medical charts and by performing personal interviews using a validated questionnaire. Maternal areca
-
nut chewing during pregnancy was found to be significantly associated with both birth weight loss (-89.54 g) and birth
length reduction (-0.43 cm). A significantly lower male newborn rate (aOR=0.62) was observed among aboriginal
-—
women with a habit of betel quid chewing during pregnancy. The use of this substance conveyed a 2.40- and 3.67-
fold independent risk of low birth weight and full-term low birth weight, respectively. An enhanced risk (aOR=3.26-
—
5.99) of low birth weight was observed among women concomitantly using betel quid, cigarette and alcohol during
gestation. Our findings suggest that betel quid chewing during pregnancy has a substantial effect on a number of -
birth outcomes, including sex ratio at birth, lower birth weight and reduced birth length.
—-—
—
? —
—
-—
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Betel nut chewing during pregnancy, Madang province, Papua New Guinea.

Senn M, Baiwog F, Winmai J, Mueller |, Rogerson S, Senn N.

PNG Institute of Medical Research, PO Box 378, Madang, MP 511, Papua New Guinea. Michele senn@gmail.com

-

Abstract ;
i

‘INTRODL}CTION: In Papua New Guinea, betel nut chewing is very common in the general population and in
pregnant women. It has similarities in terms of use and complications of use to chewing tobacco (=smokeless
tobacco), as its active agent, arecoline is similar to nicotine. The present study investigates the habits of betel nut
chewing and possible impact on pregnancy.

METHODS: In a cross-sectional survey 310 pregnant women attending Alexishafen Health Centre (Madang
Province) were interviewed with a survey measuring: detailed demographic data, betel nut chewing habits, other
potential addictions (smoking, alcohol and drug use) and a medical examination (weight, height, blood pressure and
hemoglobin level were recorded). Their babies have been assessed for birth weight and signs of prematurity.
RESULTS: Among pregnant women, 94% regularly chew betel nut, 9% smoke and 1% used alcohol. 31% are heavy
chewers (>10 nuts/day). The principal reasons for pregnant women to chew are: to prevent morning sickness (28%),
to prevent having a smelly mouth (26%), the habit of chewing (20%), being addicted (10%). Primigravidity, bete} nut
chewing and low BMI had a statistically significant impact on birth weight reduction of 467 g (p<0.001), 238 g
(p=0.02) and 175 g (p=0.005) respectively. 80% of the women thought that chewing would not have any effect on the

fetus.

a .

DISCUSSION: Given the high use of "pure” betel nut among pregnant women, a significant impact on birth weight
reduction and a poor knowledge about the adverse health effects of this substance, prevention programs in pregnant

women should include betel nut chewing as a risk factor for poor pregnancy outcome.
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Habitual Betel Quid Chewing as a Risk Factor for Cirrhosis
A Case-Control Study

Jung-Fa Tsai, MD, PhD, Jen-Eing Jeng, MD, Lee-Yea Chuang, PhD, Mei-Shang Ho, MD,
Yin-Chin Ko, MD, PhD, Zu-Yau Lin, MD, MS, Min-Yuh Hsieh, MD, Shin-Chern Chen, MD, PhD,
Wan-Lung Chuang, MD, PhD, Liang-Yen Wang, MD, Ming-Lung Yu, MD, PhD,

! Chia-Yen Dai, ‘MD. MS, and Chen Ho, MD !

Abstract: Betel quid chewing, part of traditional Taiwanese culture,
is common in 10%-20% of the human population worldwide. In
this case-control study we assessed the independent and interactive
role of habitual bete! quid chewing and chronic hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection on nsk of cirrhosis.
Subjects enrolled included 210 pairs of sex- and age-matched
cirrhotic patients and healthy controls. Information on risk factors
was obtained through serologic examination of hepatitis B surface
antigen (HBsAg) and antibodies to hepatitis C virus (anti-HCV),
and a standardized personal interview with a structured question-
naire. Univariate analysis indicated that betel quid chewing,
HBsAg+, anti-HCV+, alcohol dninking, and smoking are significant
risk factors for cirrhosis Multivanate analysis indicated that betei
quid chewing (odds ratio [OR], 3.56), HBsAg (OR 20.27), and anu-
HCV (OR 31.43) are independent nisk factors for cirrhosis. Most
betel quid chewers habitually drink alcohol. Although our analysis
indicates that betel quid chewing acts independently from alcohol as
a risk factor for cirthosis, the confounding effect of alcohol cannot
be excluded entirely by our study. There was an additive effect of
the interaction between betel quid chewing and the presence of
either HBsAg or anti-HCV. Moreover, a higher risk of cirrhosis was
associated with longer duration of betel quid chewing and greater
amount of betel quid consumed (each p for trend <0.0001) In
conclusion, betel quid chewing appears to be an independent nsh
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factor for cirrhosis. There is an additive interaction between betel
quid chewing and chronic HBV/HCV infection.

(Medicine 2003;82:365-72)

-Abbreviations: anti-HCV = antibodies to hepatitis C virus, HBsAg =
ﬁa_pat_msﬂmﬁcemgm.mv hepatitis B virus, HCthcpmmsC
--mﬂkﬂwﬂsm,ﬂ confidence interval

INTRODUCTION

Cirrhusis i1s the end stage of all chronic disease

affecting the liver™'*#*3M 1t is a risk factor for
nepatoceliular carcinoma, although with a vanable pene-
trance®!31526-2931.36.54-56.58.596265 Aty 609 89% of
hepatocellular carcinoma 1s associated with underiying
cirthosis?*-2834:56.63°55 hile the prevalence of hepatocellu-
lar carcinoma complicaling currhosis is between 2.2% and
730" 315:26:54.5665 Alhough chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection have been implicated
as the major nisk factors for cirthosis™''-12:2053.34.61.62 (0
cirthosis occurs n patients without serologic evidence of
HBV/HCV infection'-510:14.16.1837.38.53.60 suggesting that
other viruses, environmental factors, or differences in life-
style habits are also important. To prevent cirrhosis-asso-
ciated mortahity and morbidity, exploration of risk factors
other than HBV/HCV is urgent.

Betel quid chewing is common mn 10%-20% of the
human population®’, and 1s part of traditiona! Taiwanese
culture®. The estimated number of habitual betel quid
chewers 1s about one-tenth of the 22 million inhabitants of
Taiwan’. The betel quid prepared in Taiwan is quite different
from that n other parts of the world. It consists of 2 halves of
a fresh areca nut, sandwiched with a piece of the bete] leaf,
and red slaked hime paste. Betel quid chewers generally
swallow the saliva completely, thus bathing the epithehal
lining of the upper digestive tract with the toxins released
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during chewing. This increases the possibility of severe toxic
effects of betel quid at sites other than the oral cavity.

Chronic inflammation of the liver appears to be a
risk factor for cirthosis regardless of the underlying
elio!ogys'10’15'25‘53‘5"6"62, Experimental study has indicated
that persistent hepatocellular damage occurs after chronic
feeding with betel quid®®*’". Therefore, habitual betel quid
chewing may-play a role in causing cirrhosis. However, the
role of betel quid chewing in the development of cirrhosis,
and its interaction with other known nisk factors for cirrhosis,
have never been explored adequately, In this case-control
study we addyess the independent and interactive roles of?
habitual betel quid chewing and other known risk factors for
cirrhosis.

SUBJECTS AND METHODS
Study Population

A total of 210 consecutive newly diagnosed cirrhotic
patients were enrolled as cases. These patients were hos-
pitalized or visited outpatient clinics at Kaohsiung Medical
University Hospital from January 1996 to December 1997.
There were 170 males and 40 females. Duning the same
study period, 210 healthy community residents who entered
the hospital for routine physicals, matched on age (+5 yr)
and sex, were enrolled as the control group. There was no
difference in the median age between cases (57 yr; range,
36--82 yr) and controls (58 yr; range, 36-82 yr). Cirrhosis
was diagnosed by liver biopsy, abdominal sonography, and
biochemical evidence of parenchymal damage plus endo-
scopic esophageal or gastric varices®"*>. Patients with
cirrhosis were classified into the 3 Child-Pugh grades based
on their clinical status**. All healthy controls had normal
serum aminotransferase levels and normal abdominal sonog-
raphy. Informed consent was obtained from each subject
studied. The study was approved by the Investigation and
Ethics Committee of the hospital.

Structured Questionnaire and
Standardized Interview

We designed a structured questionnaire to obtain
information on age, sex, educational level, habits of smoking
(the quantity of cigareties smoked per day and the duration
of smoking), alcohol drinking (the quantity and duration of
dnnking, types of alcohohc beverage), and betel quid
chewing practice (the duration of habit, dally amoum
consumed, type of betel quid consumed). A habitual betel
quid chewer was defined as chewing 1 quid or more daily for
at least | year. A habitual cigarette smoker was defined as
smoking 1 cigaretie or more per day for at least 1 year. A
habitual alcohol dnnker was defined as dninking an alcohol
beverage for more than 4 days a week for a total of at least
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1 year. All cirthotic cases and matched controls were
interviewed by interviewers trained in study details and
questionnaire contents. All interviews were conducted in
person using the structured questionnaire.

Serologic Examination

Hepatitis B surface antigen (HBsAg) and antibodies to
hepatitis C virus (anti-HCV) were detected by Ausria-11 and
second generation. ABBOTT HCV EIA (Abbott Laborato-
ries, North Chicago, IL), respectively. For anti-HCV, re-
active specimens were retested. Only repeatedly reactive
specimens were interpreted as anti-HCV bositive. Conven-
tional liver function tests were tested by an autoanalyzer
(Hitachi, Model 736, Japan).

Statistical Analysis -

The Mann-Whitney U test was used to compare the
difference between medians of continuous vanables. The
chi-square test with the Yates correction or the Fisher exact
test. was used to compare differences between proportions
when appropriate. Mantel extension test for trend was used
to examine the dose-response relationship for the nsk
estimates of various combinations of risk factors. Odds ratio
(OR) with 95% confidence interval (95% CI) was used to
estimate causal relations between risk factors and exposure.
A conditional logistic regression analysis was used for
multivanate analysis about nsk factors for cirrhosis. Un-
conditional stepwise logistic regression analysis was used for
risk factors for habitual betel quid chewing in cirrhotic
patients. Adjusted odds ratios and 95% C1 were derived from
logistic regression coefficients to provide an estimate of the
statistical association between a given vanable and the
disease (curhosis) with the other vanables held constant.
Synergy index was used to estimate the interactive effect
among risk factors for cirrhosis*’.

To calculate the population-attribmable nisk for factors
significantly associated with cirthosis development in mul-
tivariate analysis, the frequency distribution of these rnisk
factors in the control group was used to represent the
proportion of persons exposed to the factor in the general
population. Two-tailed p values and 95% Cl were given
when appropnate. An alpha of 0.05 was considered as the
indicator of statistical significance.

RESULTS

Demographic Characteristics of Cases
and Controls

The frequency distribution of sex, age, status of
HBsAg and anti-HCV, and Child-Pugh grades of the study
population 1s shown in Table 1. More than 80% of cases and
controls were between 40 and 69 years old. At least 1 marker
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TABLE 1. Characteristics of 210 Matched Pairs of Cirrhotic
Cases and Healthy Community Controls

Variables Cases No. (%) Controls No. (%)
Sex
Male 170 (B0.95) 170 (80.95)
Female 40 (19.04) 40 (19.04)
Age (yr)
<40 7 (333) 5 (2.38)
40-49 ; 42 (20.00) 39 (18.57)
50-59 74 (35.23) 78 (37.14)
60-69 59 (28.09) 64 (3047)
>70 28 (13.33) 24 (10.90)
HBsAg/anti-HCV
Negative/negative 23 (10.95) 165 (78.57)
Positive/negative 127 (60.47) 36 (17.14)
Negative/positive 48 (22.85) 6 (2.85)
Positive/positive 12 (5.71) 3{1.42)
Child-Pugh grade
A 124 (59.04) =
B 46 (21.90) <
c 40 (19.04) =

Abbreviations: HBsAg = hepatihs B surface antigen; anti-HCV -
antibodies to hepatitis C.

of HBsAg or anti-HCV was found in 89.05% of cirrhotic
patients. The frequency distributions of Child-Pugh grades
A, B, and C in cirrhotic patients were 59.04%, 21.90%, and
19.04%, respectively.

Among patients with cirrhosis, we compared the ages of
beginning the habit of chewing betel quid, alcohol drinking,

and smoking. There was no significant difference among
median age of beginning betel quid chewing (median, 34 yr;
range, 11-60 yr), alcohol dninking (median, 33 yr; range,
16-63 yr), and smoking (median, 34 yr, range, 11-56 yr).

Among controls, there was a significant difference in
the frequency of habitual alcohol drinkers between those
chewing betel quid (5/11, 45.45%) and those not chewing
betel quid (19/199; 9.54%; p = 0.001). The frequency of
habitual smokers in betel quid chewers (10/11, 90.91%) was
also higher than that in betel quid non-users (66/199; 33.16%;
p = 0.0002).

i
ljnivariate and Multivariate Analyses of Risk
Factors for Cirrhosis

The prevalence of habitual betel quid chewing, HBsAg,
and anti-HCV in cases (16.19%, 66.19%, and 28.57%,
respectively) was significantly higher than that in controls
(5.23%, 18.57%, and 4.28%, respectively; each p < 0.001).
As shown in Table 2, univariate analysis indicated that betel
quid chewing, HBsAg-positivity, anti-HCV-positivity, alco-
hol drinking, and smoking were significant nisk factors for
cirrhosis, whereas older age (>50 yr), low education level
(<10 yr), and history of previous surgery and blood trans-
fusion were not nsk factors for cirrhosis. By a conditional
logistic regression analysis, only betel quid chewing, HBsAg-
positivity, and anti-HCV-positivity were significant indepen-
dent nisk factors for cirrhosis (Table 3). The estimated
population-attributable nisks for subjects with anti-HCV
alone, subjects with HBsAg alone, subjects positive for both
anti-HCV and HBsAg, and all betel quid chewers were
20.57%, 51.80%, 4.53%, and 11.60%, respectively.

Interactive Effect of Betel Quid Chewing and

Chronic HBV/HCV Infection on Risk of Cirrhosis
By using HBsAg-negative, ani-HCV-negative betel

quid non-users as a reference group, the nisk for cirrhosis

TABLE 2. Univariate Analysis of Multiple Risk Factors for Cirrhosis :

Cases (n = 210) Controls (n = 210) OR

Risk Factor No. (%) No. (%) (95% CI)
Betel quid chewing 34 (16.19) 11 (5.23) 594 (3.01-11.79)
HBsAg 139 (66.19) 39 (18.57) 858 (547-13.46)
Anu-HCV 60 (28.57) 9 (4.28) 8.93 (4.29-18.57)
Smoking 97 (46.19) 76 (36.19) 1.51 (1.02-2.23)
Alcohol dnnking 57 (27.14) 24 (11.43) 288 (1.71-4.87)
Blood transfusion 32 (15.23) 22 (10.47) 1.53 (0.86-2.74)
Surgery 65 (30.95) 74 (35.23) 0.82 (0.54-1.23)
Age >50 yr 162 (77.14) 165 (78.57) 0.92 (0.58-1.45)
Educauon <10 yr 114 (54.29) 97 (46.19) 1.38 (0.94-2.03)

Abbreviations. HBsAg = hepanus B surface antgen, anu-HCV = anubodies 10 hepatius € virus, OR - odds ratio;

Cl

confidence interval
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TABLE 3. Multivariate Analysis of Risk Factors for Cirrhosis*

Variables  Coefficient SE  p Value OR (95% CI)

Betel quid 1.27 047  0.007 3.56 (1.41-8.96)
chewing

HBsAg 3.04 0.28  0.0001 2037 (11.67-35.55)

Anti-HCV 3.44 042 0.0001  31.43 (13.70-72.10)

Abbreviations: HBsAg = hepatitis B surface anhgen; anui-HCV =
antibodies to hepantis C virus; OR = odds ratio; CI = confidence interval;
SE = standard error.

*Dependent variable: presence of cirrhosis. Independent variables: sex,
age =50 yr, HBsAg. ant-HCV, betel quid chewing, alcoholic drinking,
smoking, cducational level <10 yr, history of surgery and blood transfusion.

increased significantly in subjects with HBsAg alone or
subjects with anti-HCV alone, or in patients coinfected with
HBV/HCV infection (Table 4). It is noteworthy that betel
quid chewing alene also confzrred a significantly higher risk
for developing cirrhosis (OR 5.45; 95% ClI 1.36-21.23).
Among habitual betel quid chewers, the risk for cirrhosis in
subjects with HBsAg alone was higher than in those without
HBV/HCV infection (OR 14.4; 95% CI 1.82-95.69). Betel
quid chewers with anti-HCV alone also had a higher risk for
developing cirrhosis compared with subjects without HBV/
HCV infection (p = 0.024, Fishers exact test).

Table 5 displays the interactive effect between betel
quid chewing and HCV infection. By using anti-HCV-
negative betel quid non-users as a reference group, either
betel quid chewing or presence of anti-HCV was an inde-
pendent nisk factor for cirrhosis. The highest OR was found in
anti-HCV-positive betel quid chewers. Calculation of synergy
index indicated that there was an additive interaction between
betel quid chewing and chronic HCV infection, Similarly, the
risk for developing cirrhosis was strongly associated with

.

- TABLE 5. Interaction Between Hepatitis C Virus Infection and
Betel Quid Chewing on Risk of Cirrhosis

Betel Quid Cases Controls OR*
Anti-HCV  Chewing (n = 210) (n = 210) (95% C1)
Negative No 127 191 1.0
Negative Yes 49 8 9.21 (4.03-21.83)
Positive No 23 10 3.45 (1.30-%.08)
Positive Yes 11 I 16.54 (2.17-89.01)

Abbreviations: anti-HCV = antibodies to hepatitis C virus, OR = odds
ratio, Cl = confidence interval
*Synergy index = 1.45

-

the presence of HBsAg and chewing bete! quid (Tabie 6).
Moreover, HBsAg-positive betel quid chewers had the
highest OR, and a synergy index of 2.76. These results
indicate an additive interaction between betel quid chewing
and chronic HBV/HCV infection on risk of cirrhosis.

Characteristics of Betel Quid Chewing in
Patients and Controls

All betel quid chewers chewed areca nut. Chewing
with betel leaf or unnipe betel fruit was strongly associated
with increased risk for cirrhosis (Table 7). Chewing betel
quid for a duration of more than 20 years was an independent
nisk factor for developing cirrhosis (OR 6.21: 95% C1 1.97
17.23). Moreover, the longer the duration of betel quid
chewing, the higher the risk for developing cirrhosis (p for
trend <0.0001; see Table 7).

The median number of total betel quids consumed in
cirrhotic patients (204,400 quids; range, 21,900-849,000
quids) was higher than that in controls (54,750 quids; range,
10,950 548,000 quids) (p = 0.0001}. There was an increased

TABLE 4. Risk of Cirrhosis Modified by Betel Quid Chewing, Status of Anti-HCV and HBsAg in
Cirrhotic Patients Compared with Matched Controls

Status of Status of Cases Controls OR
Betel Quid anti-HCV HBsAg (n = 210) (n = 210) (95% CI)
Nonuser Negative Negative 18 157 1.0
Nonuser Negative Positive 109 : 34 27.19 (14.00-53.41)
Nonuser Positive Negative 40 5 71.52 (23.07-23829)
Nonuser Positive Positive 9 3 23.25 (4.95-73.74)
User Negative Negative 5 8 545 (1.36-21.23)*!
User Negative Positive 18 2 7850 (i5.47-2.17.26)*
User Positive Negative 8 1 69.77 (7.98-272.28)"
User Positive Positive 3 1

Abbreviations: HBsAg = hepantis B surface antigen, anti-HCV

Cl = confidence interval
*p - 0.003 (Fisher exact test).

'‘p ~ 0.024 (Fisher exact test)
‘Uncalculable.

annibodies to hepatis € virus; OR = odds rano;,
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TABLE 6. Interaction Between Hepatitis B Virus Infection and
Betel Quid Chewing on Risk of Cirrhosis

TABLE 8. Characteristics of Patients with Cirrhosis by Betel
Quid Chewing Status

Betel Quid Cases  Controls OR*
HBsAp Chewing (n = 210) (n = 210) (95% CT)
Negative No 58 162 1.0
Negative Yes 118 37 8.90 (5.39-14.77)
Positive No 1¥ 9 3.73 (1.37-10.20)
Positive Yes 21 2 2932 (6.34-86.95)

Abbreviations: HBsAg = hepatins B surface antigen; OR = odds ratio;
C1 = confidence interval
*Synergy index = 2.76. !

nisk for developing cirrhosis in subjects who consumed more
than 100,000 quids (OR 6.10; 95% CI 2.17-18.48). There
was a positive linear trend between betel quids consumed
and the nisk for cirrhosis (p for trend <0.0001; see Table 7).

Characteristics of Cirrhotic Patients by Betel
Quid Chewing Status

As shown in Table 8, cirrhotic patients who chewed
betel quid were predominantly male (OR 9.39; 95% CI 1.24-
70.88; p = 0.004) and tended to be Child-Pugh grade B or C
(OR 5.23; 95% Cl1 230-11.92; p = 0.0001). Betel quid
chewers frequently had habits of smoking (OR 16.02; 95%
Cl 4.44-44.12; p = 0.0001) and alcohol drinking (OR 8.73;
95% CI 3.88-19.63; p = 0.0001). It is noteworthy that among
the 5 betel quid chewers who had cirrhosis without hepatitis,

TABLE 7. Risk of Cirrhosis Based on Characteristics of Betel
Quid Chewing

" Cases Controls OR (95% CI)

Type of betel quid ingredients

Non-user 176 199 1.0

Areca nut with betel leaf 21 4 593 (1.87-16.65)
Areca nut with betel fruit 11 : 4.14 (1.05-16.10)
Mixed = 2 4 0.56 (0.01-3.63)

Duration of chewing*

Non-user 176 199 1.0

<20 yr 12 7 1.93(0.69-5.58)
20-30 yr 14 3 501 (1.39-18.39)
>30 yr 8 I 904 (1.13-67.21)

Total amount consumed (quids = 1,000)*

Non-user 176 199 1.0
<100 7 6 1.31 (0.38-4.52)
100-200 10 2 5.65(1.14-26.62)

>200 17 3 6.40 (1.73-20.82)

*p for rend <0.0001 (Mantel extension test for trend)

© 2003 Lippincott Williams & Wilkins

Habitual Betel Quid

Chewing
Yes No
(n=34) (n=176) p

- Ne. (%) No. (%) Value*
Age >50 yr 24 (70.58) 138 (78.40) NS
Male gender 13 (97.05) 137 (77.84) 0.004
Education <10 yr 21 (61.76) 92 (52.27) NS
Smoking' 1 3L 66(37.50)  0.0bo1
Alcohol drinking’ 23 (67.64) 34 (19.31) 0.0001
Child-Pugh B/C' 25 (73.52) 61 (34.65) 0.0001
HBsAg-positive 21(61.76) 118 (67.04) NS
Anti-HCV-positive 11 (32.35) 49 (27.84) NS
History of surgery 10 (29.4) 55 (31.25) NS
Blood transfusion 4(11.8) 28 (1591) NS

HBsAg = hepatitis B surface antigen, anti-HCV = antibodies to hepatitis
C wvirus; OR = odds ratio; Cl = confidence interval; NS = nonsignificant.

*The chi-square test with Yates comection was used to compare
proportions

'Multivanate analysis indicated that smoking (OR 13.52), alcohol
drinking (OR 4.29), and Child-Pugh grade B or C (OR 5.53) were
independent risk factors for habitual betel quid chewing.

3 were habitual alcohol dnnkers and 4 were habitual smok-
ers. Multivanate analysis with stepwise logistic regression
indicaied that habitual smoking (OR 13.52; 95% Cl 3.57-
51.16; p = 0.0001), alcohol drinking (OR 4.29; 95% C1 1.63-
11.29; p = 0.003}), and Child-Pugh grade B or C (OR 5 5%;
95% CI 2.14-14.25; p = 0.0001) were independent nisk
factors for habitual betel quid chewing.

DISCUSSION

To our knowledge, this is the first case-control study
to show the association between betel quid chewing and risk
for cirrhosis (see Tables 2 and 3). However, the nsk for
cirrhosis in betel quid chewers 1s still significantly lower than
that for subjects with single HBV or HCV infection alone (see
Table 4). The estimated population-atiributable nsk also
shows this trend. Based on this observation and our previous
study®'*?, although betel quid chewing is a risk factor for
cirrhosis, chronic HBV/HCV infection is still the most
important nisk factor for cirthosis in this area hyperendemic
for hepatotropic viruses (see Table 4). In betel quid chewers
without HBV/HCV infection, the association between betel
quid chewing and cirrhosis might not be strong. Although the
odds ratio was greater than 1, the small number of subjects
(5 patients and 8 controls) reduces the certaintv of this
association (see Table 4).

Since betel quid chewing has never before been shown
1o be a nisk factor for cirrhosis, 1t 1s imponant to validate that
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our finding is not due to confounding bias. Betel quid chewing
is an island-wide, popular habit of Taiwanese. The prevalence
of betel quid chewing in our controls was 5% (see Table 2).
Based on data estimated from 1,299 subjects collected from
the same community as our study, the prevalence of betel quid
chewers was 6% (95% Cl 4.6-7.1; inclusive of all ages and
scxes)w. Another report from the same community indicated
that there was a prevalence rate of 6.5% for daily chewers
among 511 men, whereas none of 651 women chewed quid
daily®. The prevalence of betel quid chewing in our control
group fell within the 95% Cl.values of these 2 reports. The
prevalence of HBsAg (18.6%) and apli—HCV (4.3%) in our
healthy controls showed no significant difference from those
in volunteer blood donors® or community controls in the
same area® ~%*®7_ Therefore, our controls might be represen-
tative of the general population in this community. On the
other hand, previous reports have indicated that male gender
and older age were associated with a higher prevalence of
betel quid chewing™*°. To control for the possible confound-
ing effect of age and sex, we enrolled study subjects by
matching and adjusted our results by multivanate analysis. In
the current study, cirrhotic patients who chewed betel quid
were male predominant. Moreover, there was a close
association between habitual betel quid chewing and habitual
smoking, alcohol drinking, and more severe liver damage in
patients with cirrhosis (see Table 8).

Our results indicate that a person who chewed betel quid
was usually also a habitual smoker and alcohol drinker (see
Table 8) It is reasonable that betel quid chewing might in-
deed be merely a marker for greater alcohol or cigarette
consumption.

Betel quid chewing is popular island-wide in Taiwan
The habit of betel quid chewing appears to be acquired
usually at junior high school between the ages of 12 and
15 years® In the current study, our patients usually began
chewing betel quid many years before cirrhosis developed.
They began chewing betel quid at a median age of 34 years
(range, 11-60 yr). Moreover, although none of our patients
began chewing betel quid after the diagnosis of cirrhosis
(data not shown), 1t may be that cirrhotic patients are more
likely to chew betel quid.

In the current study, there was no significant difference
among the ages when patients with cirrhosis began chewing
betel quid, drinking alcohol, or smoking. A report from
Taiwan” indicated that betel quid chewers were more likely
than others to engage in high-nisk behaviors that could lead to
HBV/HCYV infection. It 1s possible there are other confounders
for cirrhosis that we did not study

Although there was a significant difference in the total
amount of betel quid chewing in cirrhotic patients and n
controls, there was a large overlap between them. As shown in
Table 7, the type of betel quid ingredients. the duration of
betel quid chewing, and probably underiying hiver disease or

30
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genetic predisposition might explain why healthy people and
cirrhotic patients could consume varying quantities of betel
quids with such different outcomes.

The pathogenic mechamsms for the association be-
tween habitual betel quid chewing and the nsk of cirrhosis are
largely unknown. Areca nut consumption may modulate the
function of the hepatic detoxification system and increase the
risk of toxic hepatitis®®’. Chrome betel quid feeding in
animals causcs persistent hepatocyte necroinflammation®’. In
this study, habitual betel quid chewers had more severe liver
damage, as evidenced by their significantly higher frequency
of being Child-Pugh grade B or C (see Table &). This
observation confirms that episodic necroinflammation with
subsequent persistent liver injury 1s impertant in inducing
cirthosis™®. Alternatively, the immunesuppressive action of
areca nut may facilitate progression of HBV/HCV-associated
chronic liver disease®**'**. On the other hand, fibrosis is an
almost invanable part of chronic liver disease regardless of

~etiology'***. It is the fibrous scarring that ieads to architec-

tural distortion and cirthosis. Concurrent hepatic insult by
more than | agent, such as HCV and alcohol*** or coinfection
with other viruses'”, is synergistic for the progression of
fibrosis. Moreover, oxygen-derived free radicals and other
reactive oxygen species have been implicated as important
mediators of hepatic fibrogenesis in liver injury’>®®. These
compounds can be found in inflammatory byproducts derived
from habitual betel quid chewing’*****!  alcoholic liver
disease, or chronic HEV/HCV infection'”?'. Taken together,
persisient necroinflammation and progressive hepatic fibro-
genesis may contribute, at least in part, to the additive
interaction between habitual betel quid chewing and chronic
HBV/ HCV infection. It would be instructive to know how
long the betel quid chewers had been infected with HBV/HCV
before developing cirrhosis. It is possible that betel quid
accelerates progression of cirrhosis.

Aflatoxins are mycotoxins produced by the fungus
Aspergillus flavus. This fungus contaminates inappropriately
processed and stored food, such as com, peanuts, and rice,
which are stored for prolonged periods under hot, humid
conditions. This is a significant problem in less-developed
countries within the boundanies of the tropical latitudes
including Taiwan®’. Aflatoxin Bl is the most common
aflatoxin contaminant and has been found to be the maost
hepatotoxic™***7 It was observed that 37.5% of betel mut
samples were nfested with Aspergillus flavus™®. Habitoal
betel quid chewing may be 1 source of aflatexin B1 ingestion
in humans. Since the recognition of the hepatotoxic potentiai
of aflatoxins, initially in pouliry and other amimals in 1960.
aflatoxins have been implicated in the genesis of various forms
of liver injury. Acute fatty liver*” and toxic hepatitis®**** arc
some of the more acute vanants of presentation, whereas
cithosis and hepatocellular carcinoma are more chronic
manifestations. Aflatoxin Bl-induced acute hepatotoxicity
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humans has followed the ingestion of contaminated foods.
Cirrhosis has been induced in some animals after repeated
exposure to aflatoxins®’. The role of aflatoxin in the pro-
duction of cirrhosis in humans remains inconclusive, although
suspected in some settings. Unexplained cryptogenic cirrho-
sis and childhood cirrhosis in developing countries may be
attributed in part to aflatoxin toxicity®’.

Based on the above discussion, We hypothesize that
repetitive liver cell injury from oxygen-derived free radicals
and other reactive oxygen species generated by habitual betel
quid chewing may increase the risk of cirrhosis. This may
explain the additive interaction betweenf habitual betel quid
chewing and chronic HBV/HCV infection. In conclusion,
both betel quid chewing and chronic HBV/HCV infection are
independent risk factors for cirrhosis. There is an additive
interaction between betel quid chewing and chronic HBV/
HCV infection on the nisk of cirrhosis. Whether abstinence
of betel quid chewing in subjects with chronic HBV/HCV
infection decreases the nisk for cirrhosis warrants further
study.
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Risk of betel quid chewing on the development of liver cirrhosis: a community-

based case-control study.

Hsiao TJ, Liao HW, Hsieh PS, Wong RH.

Department of Public Health, College of Health Care and Management, Chung Shan Medical University, Taichung,

Taiwa?. i . _
Abstract =5
PURPOSE: The role of betel quid on the development of liver cirrhosis is unclear; we thus designed a community-

based case-control study to evaluate the association between betel quid chewing and liver cirrhosis. -
METHODS: A total of 42 cases of liver cirrhosis and 165 matched controls were included for analysis. Questionnaires

were administered to obtain histories of betel quid chewing, alcohol consumption, smoking, and family history of liver ™
disease. Hepatitis B surface antigen and anti-hepatitis C antibody were also determined by immunoassay.

RESULTS: Individuals with more betel quid chewing (more than 55 quid-years vs. less than 55 quid-years and never- N
chewers, matched odds ratio [OR(m)] = 2.2; 95% confidence interval [Cl}: 1.0-5.0) had higher risks for liver cirrhosis.
The combined effects on liver cirrhosis by betel quid chewing and the number of other risk factors, including hepatitis 0
B virus (HBV) infection, smoking, and aicohol drinking, were also observed. When individuals with less betel quid
chewing (less than 55 quid-years and never-chewers) and with no other risk factors used as a reference, betel quid 1
chewers expressing greater betel quid chewing (more than 55 quid-years) and more risk factors of HBV infection, _
cigarette smoking, and habitual alcohol drinking expressed a greater nisk of liver cirrhosis (OR(m) = 70.8; 95% ClI:
4.0-1260.1). s
CONCLUSIONS: Our results suggest that betel qpid chewing may play an important role in the development of
hepatic cirrhosis. Larger study and cohort studies would be necessary to provide further evidence regarding this P
finding.
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The incidence of end-stage renal disease (ESRD) is high
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Association between befelnut chewing and chronic kidney
disease in men
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Abstract

Background: Betel-nut use is associated with metabolic syndrome and obesity
However, the association between betel-nut chewing and risk for chronic kidney
disease (CKD) is unknown. The present study was conducted to determine the
association between betel-nut chewing and CKD in men

Methods: We retrospectively reviewed health-check records of 3264 mer in a
hospital-based cross-sectional screening programme from 2003 to 2006. CKD
was defined as esumated glomerular filtration rate less than 60 ml/min/1-73 m?
calculated by the Modification of Diet in Renal Disease formula. Risk factors for
CKD including diabetes, hypertension, BMI, smoking, alcohol consumption and
age were also considered.

Results: A total of 677 (20-7%) men were found to have CKD and 427 (13-1%)
participants reported a history of betel-nut use. The prevalence (24-8%) of CKD
in betel-nut users was significantly higher than that (11:3%) of participants

without betel-nut use (£=0-026). In multivariate logistic regression analysis with Keywords
adjustments for age, hypenension, diabetes and hyperlipidaemia, betel-nu: use Be!g'l'élul
was independently associated with CKD (P< 0-001). The adjusted odds ratio for a“w'ﬁo:?'d:;:ssmn:
betel-nut use was 2-572 (95% Cl 1-917, 3-451) Diabetes
Conclusions: Betel-nut use 1s associated with CKD in men The association Hypertension

between betel-nut use and CKD is independent of age, BMI, smoking, alcohol Men
consumption, hypertension, diabetes and hyperlipidaemia. Metaholic syndrome

& (£33 . -
metzbolic syndrome™ and increase in unnary albumin

and growing rapidly in adults younger than 65 years of
age in Taiwan'". Cutcomes of ESRD treatment tend to be
poor, however, the cost of reatment is relatively high®
Early detection of possible risk factors and early treatment
of chronic kidney disease (CKD) may not only slow the
decline of renal function, but also prevent the develop-
ment of severe cardiovascular complications'™. Apan
from well-known risk factors for CKD including age,
hyperntension, diabetes, obesity and metabolic syndrome,
the identification of other possible risk factors associated
with CKD is a key for early detection and treatment as
well. The prevalence of betel-nut use 1s about 10%, with
about 600 miilion users all over the world>®, and most
betel-nut chewers in Taiwan are male. The prevalence of
betel-nut use is nising gradually in Taiwan, especially in
rural areas' >’ Evidence has shown that betel-nut chewing

is assocuted with oral cancer'”, hyperglveaemia, obesity,

*Comrespumding antbor. Email d0931660243 1€vahoo com m

excretion” Betel-nut chewing may be a risk factor for
CKD. However, the association between betel-nut chewing
and CKD 1s unknown. We conducted the present cross-
secional retrospective study to determine the association
between betel-nut chewing and CKD in Taiwanese men

Methods

A total of 8027 (3264 men and 4763 women) recors in 1
general health-check programme in China Medical Uni-
versity Beigang Hospitzl, Yunlin County, Taiwan, were
reviewed from 2003 to 2006. The prevalence of betel-nut
usc (as chews of fresh Areca catechu nuts with Piper betle
leaves and lime) was 13-8% in men and 0-8% in women
In view of the lower prevalence of betel-nut use in
women, data analysis was hmited 10 3264 men CKD was

C The Authors 2008
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defined as estimated glomerular fitration rate (eGFR) of
less than 60 ml/min/1-73 m’ calculated by the Modifica-
tion of Diet in Renal Disease formula®’ Basic data on the
participants included age, body height. body weight,

systolic blood pressure (SBP) and diastolic blood pressure .

(DBP). Hb, platelet count, blood urea ni!rdgcn (BUN),
creatinine, uric acid, aspanate aminotransferase (AST),

alanine aminotransferase (ALT), albumin, globulin, cho-

lesterol, TAG and fasting blood sugar were measured
standard automated technology. Panicipants fasted for
12h overnight béfore blood sampling in the morning.
Data on lifestyle factors and habits were obtained using a
questionnaire based on the National Health Institute of
Taiwan standard health-check format'”. Hypenension
was defined as blbod pressure of at least 140/90 mmHg
or the use of antihypertensive medication’”. Diabetes
mellitus was defined as fasting blood glucose level of
140 mg/dl, non-fasting glucose of 200 mg/dl or a history
of treatment for diabetes'?. Smoking was defined as a
history of smoking for more than 2 pack-years"'”. Alcohol
consumption was defined in those people drinking at least
one drink daily'"”. Hyperlipidaemia was defined as serum
cholesterol level =200 mg/dl, serum TAG =200 mg/dl or
if lipid-lowering agents were being used. Betel chewing

C-Y Chou er al.

was categorized as never, sometimes or frequently in the
last 6 monihs.

Statistical analyses
Data are reported as mean and standard deviation or
frequency and percentage, as appropriate. Baseline char-

-actenistics and anthropometric factors were compaied

between patients with CKD and those without by Student’s
t iest or the Mann-Whitney !/ test (as appropnate) for

. continuous variables and by the X’ test for caegorical

variables. Logistic regression models were used 16 estimate
the odds ratos for CKD. To determine associations
between betel-nut use and CKD, a multivariaie logistic
:?gression model with adiustments for age, sex, hvper-
tension and diabetes was used. P< 0-05 was cdnsidered
statistically significant. All calcuiations were carried out
using the SPSS for Windows statisiical software package
version 12 (SPSS Inc., Chicago, 1L, USA).

Results

A toal of 677 (20:7%) parucipants were found 1o
have CKD and 427 (13-1%) partcipants had a history of

Table 1 Demographic and biochemical data of study participants by chronic kidney disease (CKD) status: retrospective review of health-
check records of 3264 men in a haspital-based cross-sectional screening programme, Yunlin County, Taiwan, 2003 to 2006

CKD(-) CKD{+)
Overall (n 2587) (0 677)
Mean 50 Mean sD Mean 5
645 11-6 62-7 116 71-7* B2
ﬁé’ﬁfiﬁmnmn 745 19-6 810 16-0 49-0° 11-0
BMI (kg/m?) 248 33 248 34 24.5° 30
Height (cm) 1641 64 1642 65 153.9. 5.9
Weight (kg) 668 10-4 67-0 10-4 66:0 10-0
SBP (mmHg) 134 23 132 22 141 24
DBP (mmHg) 78 13 78 12 78 14
Hb (g/dl) 146 1:4 14-7 1.2 14-0° 17
Platelets (10%/ul) 199 56 200 56 191 55
AST (1Un) 34 29 34 31 33 22
ALT (1UN) 35 49 36 53 32- 33
BUN (mg/dl) 18 T 17 5 24 b 10
Creatinine (mg/dl) 11 - 04 10 01 1-5. 0-7
Uric acid (mg/dl) 65 15 6-3 14 7.4 16
Albumin (g/dl) 40 03 4-0 03 3.9 Pt
Globulin (g/dl) 32 0-5 3.2 05 33 05
Cholesterol (mg/di) 194 39 194 40 195 40
TAG (mg/dl) 129 138 129 143 129 82
Fasting blood glucose (mg/di) 113 46 113 46 11 45
n % n % n %
c%m:::m 749 229 501 19.4 248 36 &
Diabetes 406 12:4 304 115 102 15-1°
Hyperﬁpndaemiﬂ 127 39 1M 39 26 38
ug‘;n“g:ing 855 26-2 792 306 166 24.5°
Alcohol consumption 958 294 746 288 109 16-1°
Betel-nut use 427 131 a1 12-4 106 15.7°

eGFR. eshmated glomerular filtrabon rate by Mocdihication of Diet in Renal Disease lormula: SBP, systolic biood pressure. DBP, diastolic blooa pressure; AST
aspanate aminotransferase; ALT, alanine aminoransierase, BUN, blocd urea nitrogen

‘P 0-05 v. CKD(=) In indepengent ftest, Mann-Whitney U test or ¥ test



Betel nut and CKD in men

Table 2 Demographic and biochemical data of participants by
history of betel-nut use' retrospective review of health-check
records of 3264 men in a hospilal-based cross-sectional screening
programme, Yunlin County, Taiwan, 2003 to 2006
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Table 3 Unadjusted odds ratios and 95 % confidence intervals for
association of chronic kidney disease with various risk factors in
univariate logistic regression analysis: retrospective review of health-
check records of 3264 men in a hospital-based cross-sectional
screening programme, Yuniin County, Taiwan, 2003 to 2006

Betel nut(—) Betel nut(+)
(n 2837) (n427) OR 95% CI P
Mean sD Mean S0 Hypertension 2-407 2-002,2:894 =0-001
Diabetes 1-332  1-046,1-697  0-020
Age (years) 652 113 598" 122 Smoking 0736 0-606, 0-894 0-002
eGFR (mi/min/1-73m?) 750 190 740 210 Alcohol consumption 0-474 0-379, 0591 <0-001
BMI (kg/m?) 247 383 253° 32 Betel-nut use 1:310 1033, 1:663 0-026
Height (cm) 5 164-0 6:0 1650 60 Hyperension + betel-nut use 2766  1-781, 4297  <0-001
Weight (kg) 66-5 10-3 688" 104 Biabetes + betel-nut use 1993  1-104, 3-601 0-022
SBP (mmHg) 134 23 131 22 :
DBP (mmHg) 78 13 78 13
Hb (g/dl) 14-6 1-4 14-7 1-5 )
Platelets (10%u) : " = T o Table 4 Odds ratios and 95 % confidence intervals forlassociation
AST (UM 35 52 38 34 off chronic kidney disease with various risk factors in multivariate
ALT (1U) 18 6 19 9 logistic regression analysis after adjustment for age, hypertension
BUN {mg/di) di 11 04 11 07 and diabetes: retrospective review of health-check records of 3264
Sﬁa;g';“irg;%)) &5 15 64 8 men in a hospital-based cross-sectional screening programme,
Albumin (g/di) 40 03 40 04 Yunlin County, Taiwan, 2003 to 2006
Globulin (g/di) 32 05 32 05 OR 95% Cl P
Cholesterol (mg/dl) 194 39 191 41 i
TAG (mg/dl) 123 99 166" 259 Betel-nut use 2:572 1:917, 3-451 <0-001
Fasting blood glucose (mg/dl) 112 45 118" 43 BMI* 1-008 0-979, 1-037 0-61
Smoking 1-007 0-799, 1-270 0-950
n % n % Hyperlipidaemia 1-055 0-651, 1-709 0-827
Chronic kidney disease %1 113 106 248"  Aloholconsumplion 0786  0-609, 1-015 0-064
Cor_f{;;e;:f::ion 664 234 85 199  'OR calculated per 1 kg/m? increment.
Diabetes 356 125 50 17
Hyperfipidaemia 113 40 14 31
Lifestyle CKD for traditonal risk factors in univariate logistic
igo:lji — gl ;gg 223:: g? regression analyses are shown in Table 3. Hypertension
a ; 3

eGFR. estimated glomerular filtration rate by Modification of Diet in Renal
Disease formula;, SBP, systolic blood pressure; DBP, diastolic blood pres-
sure, AST, aspartale aminotransferase; ALT, alanine aminotransierase;
BUN, blood urea mitrogen

*P< 005 v. betel nut(~) in independent (test, Mann-Whitney Utest or y* test

betel-nut use. The prevalence of CKD was significantly
higher in participants with betel-nut use than in those
without (24-8% v. 11-3%, P=0-026). The demographic
data and biochemical characteristics of the entire male
study group are shown in Table 1. As can be scen, par-
ucipants with CKD were significantly older and had
higher SBP, serum BUN, creatinine and uric acid levels
than paricipants without CKD. The prevalence of
hypertension, diabetes and betel-nut chewing was sig:
nificandy higher in CKD panticipants than non-CKD par-
ticipants. Hb, ALT and albumin levels were significantly
lower in participants with CKD than in those without
The prevalence of CKD was 24-8% (106/427) in betel-
nut users, which was significantly higher than that
(11-:3%, 321/2837) of non-users As shown in Table 2. the
paruicipants with betel-nut use were younger and had
lower SBP than those without. Serum TAG and fasting
blood glucose levels were significantly higher in partici-
pants with betel-nut use than those without. in addition,
pariicipants with betel-nut use also had higher prevalence

of smoking and alcohol usage The unadjusted OR of

@S]
T_J

and diabetes were associated with increased CKD risk:
OR = 2:407 (95% CI 2-002, 2-894, P<0-001) and OR =
1:332 (95% CI 1-046, 1697, P=0-020), respectively. For
the individuals with hypenension and betel-nut use, the
OR for CKD increased 0 2-766 (95% C1 1-781. 4-297.
P<0-00D). For panicipants with diabetes and betel-nut
use, the OR for CKD was 1-993 (95% CI 1-104, 3-601,
P=0:022). These findings suggest the synergic effect of
betel-nut use on CKD risk in patients with diabetes or
hypenension.

Risk factors for CKD including smoking. alcohol cen-
sumption, BMI and hyperlipidaemia were taken into
consideration in multivariate logistic regression analyses
with adjustments for age, hypentension and diabetes. As
shown in Table 4. betel-nut use, independent of BMI,
hyperlipidacmia smoking or alcohol consumption, was
significantly associated with CKD (P<0-001). The
adjusted OR for betel-nut use was 2-572 (95% (] 1-917,
3-451), suggesting that betel-nut use may be a more
impontant CKD nisk factor than alcohol consumption,
smoking. BMI or hyperlipidaemia

Discussion

We found that exposure 1o betel nut was independently
associated with CKD in men based on the data of a
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hospital-based health-check programme. This postulate
was supported by three findings: (i) participants with a
history of betel-nut use had a higher prevalence of CKD
than those without; (i) betel-nut use was independently
associated with a 2-6-fold increased risk of CKD after
adjustment for age, hypertension and diabetes, and the
association was independent ol BMI, smoking, alcohol
consumption and hyperlipidaemia; and (iii) the use of
betel nut increased further the risk for CKD in individuals
with diabetes or hypenensiop.

Betel-nut use, an established risk factor for oropha-
ryngeal malignancy, is associated with hyperglycacmia,
obesity and metabolic syndrome®. Our finding may be
explained by several hypot ;. First, the aqueous extract
of betel nut can induce breaks in DNA of kidney cells in an
animal model®>. A decreased eGFR has been reponed for
a subject who regularly consumed about 40 betel nuts/d"®.
Second, participants with betel-nut use have a high pre-
valence of smoking"*” and alcohol consumption'"® that are
themselves risk factors for CKD. The result of multivanate
logistic regression analysis (Table 4) suggested that the
influence of betel nut may overpower the influence of
smoking and alcohol consumption. Third, betel-nut use
is associated with metabolic syndrome and obesity'"**”
which are important risk factors for CKD. It is possible that
the use of betel nut is associated with CKD through the
influence of metabolic syndrome or obesity®*". Betel-nut
users had higher serum TAG and fasting blood sugar
(Table 2) than non-users; however, the data on HDL and
waist circumferences were not available in our study. In
view of the effect of CKD on global health, our finding
had an imponant epidemiological implication.

The prevalence of CKD was 20-7% in our study (age-
corrected prevalence 13-8%), higher than the previous
reported prevalence of CKD among the general population
in Taiwan''22. Panticipants in the present study were older
than the general population so they might be more at nisk
for CKD. Nevertheless, the prevalence of betel-nut chewing
in cur study is close 10 previous community-based cohon
data®?. In addition, participants with betel-nut use had
lower SBP than those without, which may be explained by
the peripheral cholinergic effea of betel nut and by the
relatively younger age of betel-nut chewers.

In conclusion, our study demonstrates a significant
association between betel-nut use and CKD in men and
this association is independent of age, hypenension,
diabetes, BMI, smoking, alcohol consumption and
hyperlipidaemia. More studies are needed to confirm our
findings and prospective studies are needed to investigate
the effect of cessation of betel-nut use in CKD
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Objective: This study was conduced to access the association between
betelnut chewing and chronic kidney disease (CKD) in adults. Meth-
ods: We retrospectively reviewed 3552 participants (1418 men and
2134 women) younger than 65 in this hospital-based cross-sectional
study from 2003 to 2006. Results: A total of 198 (5.6 %) participants
were found to have CKD and 287 (8.1 %) participants (268 male and
19 female) reported a history of betelnut use. The prevalence (9.4 %) of
CKD in betelnut users was significantly higher than that (5.2%) of
participants without betelnut use (P = 0.003). In multwvanate logistic
regression with adjustment for age, sex, hypertension, and diabetes,
betelnut use and body mass index were independently associated with
CKD (P = 0.026 and P = 0.038). Conclusions: Betelnut use is
associated with chronic kidney disease in adults younger than 65.
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he incidence of end-stage renal dis-
case (ESRD) is high and is growing
gapidly in adults younger than 65 in
Taiwan.' Outcomes of ESRD treat-
ment tend 1o be poor; however, the
cost of treatment is relatively high.™*
Early detection of possible risk fac-
tors and early treatment of chronic
kidney disease (CKD) may not only
slow the decline of renal function but
also prevent the development of se-
vere cardiovascular complications.”
In addition to well-known risk factors
of CKD, including age, hyperen-
sion, diabetes, obesity, and metabolic
syndrome, identifying possible risk
factors associated with CKD is a key
10 early detection and treatment. The
prevalence of betelnut use is about
10%, 240 million, in Taiwan and it is
nsing gradually, in the country area
in particular.’ Evidence has shown
that betelnut chewing is associated
with oral cancer,” hyperglycemia,
obesity, metabolic syndrome,” and
increase of uninary albumin excre-
tion.* Therefore, betelnut chewing
might be a nsk factor for CKD.
However, the association between
betelnut chewing and CKD 1s un-
known. We conducted this retro-

spective study to determine the

association between betelnut chew-
ing and CKD in adults.

Materials and Methods

We reviewed the records of 3552
participants (1418 men and 2134
women) of a general health-check
program, who were younger than 65
years old in China Medical Univer-
sity Beigang Hospital from 2003 10
2006. CKD was defined as an esti-
mated glomerular filtraion rate of

y
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less than 60 mL/min/1.73 m* calcu-
lated by the Modification of Diet in
Renal Disease formula.® Basic data
of the participants including age,
gender, body height, body weight,

systolic blood pressure (SBP), dia-.

stolic blood pressure (DBP), hemo-
¢lobin, platelet count, blood urea
nitrogen (BUN), creatinine, ufic
acid, aspartate aminotransferase

" (AST), alanine aminotransferase
(ALT), albumin, globulin, choles-
terol, triglycenide, and fasting blood
glucose were measured. Participants

1 fasted for 12 hours overnight before
blood samples were collected in the
moming. Hypertension was defined
as a blood pressure of at least 140/90
mm Hg or the use of antihyperten-
sive medication.” Diabetes mellitus
was defined as a fasting blood glu-
cose level of 140 mg/dL, non-fasting
glucose of 200 mg/dL, or a history of
treatment for diabetes.'® Smoking
was defined as a history of smoking
for more than 2 pack-years.'' Alco-
hol consumption was defined as
drinking at least one drink a day."’
Hyperlipidemia was defined as a se-
rum cholesterol level =200 mg/dL, a
serum triglycende level =200 mg/
dL, or 1f lipid-lowering agents were
being used.

Statistical Analysis

Data are reported as mean = SD,
median, or percent frequency, as ap-
propriate. The baseline characteris-
tics and anthropometric factors were
compared between  patients with
CKD and those without by indepen-
dent ¢ test or Mann-Whitney U test
for continuous variables and by x’
test for categorical variables. Logis-
tic regression models were used to
estimate the odds ratios (ORs) for
CKD. To determinc associations be-
tween possible risk factors and CKD,
a multivariate logistic regression
model with adjustment for age, sex,
hypenension, and diabetes was used.
A P < 0.05 was considered statisti-
cally significant. All calculations
were carried out using a standard
statistical package (SPSS for Win-
dows, version 12, Chicago, 1L).

Results

A total of 198 (5.6%) participants
were found to have CKD and 287
(8.1%) participants reported a history
of betelnut use. The prevalence of
CKD was significantly higher in
betelnut users than in non-betelnut
users (9.4% and 5.2%, P = 0.003).
The demographic data and biochem-

~ ical charactenstics of the entire study

group, participants by CKD, and by
betelnut use are shown in Table 1.
The incidence of CKD was signifi-
cantly higher in men than in women
(7.1% versus 4.5%, P = 0.001).
Participants with CKD were signifi-
cantly older and had a higher BMIL
The prevalence of hypertension, dia-
betes, hyperlipidemia. and betelnut
use was significantly higher in CKD
participants. The blood urea nitrogen,
creatinine, unc acid, cholesterol, tri-
glycenide, and fasting blood glucose
were significantly higher and platelet
count, serum albumin levels were sig-
nificantly lower in participants with
CKD than in those without.

The participants with betelnut use
were younger and had lower eGFR,
globulin, and cholesterol levels. The
prevalence of CKD, smcking, and
alcohol consumption was signifi-
cantly higher in participants with
betelnut use than in those without
(P = 0.003, P < 0001, and P <
0.001). The betelnut users had higher
body weight, SBP, hemoglobin,
AST, ALT, creatinine, uric acid, tri-
glyceride, and fasting blood glucose
than non-betelnut users did.

The OR of CKD nsk factors, 1n-
cluding hypertension, diabetes, hy-

i

* perlipidemia, betelnut, smoking, and

alcohol consumption, are shown in
Table 2. The OR (95% confidence
mterval [CI]) of hypertension, diabe-
tes, and betelnut was 2.083 (1.490 -
2.913), 1.822 (1.183-2.805), and
1.879 (1.228-2.874}, respectively.
The associations between nisk factors
of CKD were analyzed with multivar-
iate logistic regression with adjust-
ment for age. gender, hypertension,
and diabetes. As shown in Table 3,
body mass index and betelnut use
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were independently associated with
CKD (P = 0038 and P = 0.026).
The adjusted ORs of beteclnut use
were 1.812 (95% CI = 1.072-3.061,
P = 0.026). The adjusted ORs and
their 95% CI of possible nisk factors
are shown in Table 3.

Discussion

Background

Betelnut (Areca nut), a seed of the
Bete! Paim (Areca catechu), is oftcn
chewed for its stimulating effects on
thd central nervous system. Betelnut
chewing, the fourth most addictive
habit in the world after nicotine,
ethanol, and caffeine use, occurs in
>10% of the world population.®
Betelnut is usually chewed in com-
binatton with piper betel leal and
lime, and arecal alkaloid (bete! quid).
Betelnut chewing is an ancient prac-
tice commonly found in many coun-
tries of Asia and among migraied
communities in Africa, Europe, and
North America.'* The prevalence of
betelnut chewing is increasing in
Taiwan, especially in adolescent stu-
dents because of a transgenerational
effect '* Betelnut use, an established
risk factor for oropharyngeal malig-
nancy,” has also been found to be
associated with hyperglycerma, obe-
sity,"” and metabolic syndrome”'® in
recent studies.

Data Results

We found that exposure 1o
betelnut was associated with chronic
kidney disease in adults younger
than 65. This postulale was sup-
ported by two findings: 1) partici-
pants with a history of betel nut use
had a higher prevalence of CKD than
did those without (9.4% versus 5.2%,
P = 0.003). 2) The relative nsk of
CKD in participants with beteinut
use was higher than that in partici-
pants with alcohol consumption or
smoking (Table 2). As the result of
multivariate logistic regression (Ta-
ble 3) showed, smoking and alcohol
consumption were not significantly
associated with CKD when betclnut
was inciuded in the anaiysis. These
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TABLE1

Clinical Characteristics
Overall CKD (-) CKD (+) Betelnut {—) Betelnut (+)
n = 3552 n = 3354 n =198 n = 3265 n = 287
Age (year) 53.6 = 7.3 53373 58.6 + 59 537 +73 518 =74
Gender (male/female) 1418/2134 1317/2037 101/97* 1150/2115 268/19—
eGFR . 854 + 18.1 87.4 + 165 51994 86 + 18 83 + 18
CKD n (%) 198 (5.6) 251+ 37 253 = 3.2
BMI (kg/M?) 251+ 37 251 +37 26 + 36" 1586 + 7.8 165.1 = 65
Height (cm) 158+ 7.9 159.1+ 79 160.1 = 76 633 + 10.9 69.1 =~ 10.7*
Weight (kg) 638+ 1 -636+ 1 66.6 ~ 10.8" 124 21 128 > 217
SBP (mm Hg) 125+ 21 124 = 21 130 = 20 78 12° 79 =13
DBP (mm Hg) 78 + 12 78 + 12 82 + 12 171(5.2) 27 (9.4y"
Comorbidity
Hypertension, n (%) 518 (14.6) 468 (14) 50 (25.3)" 478 (14.6) 40 (13.9)
Diabetes, n (%) 283 (8) 1257 (7.7) 26 (13.1)° 262 (8f 21(7.3)
Hyperipidemia, n (%) 128 (3.6) 115(3.4) 13 (6.6) 118 (3.6) 10(3.5)
Lifestyle
Smoking, n (%) 607 (17.1) 565 (16.8) 42 (21.2) 490 (15) 199 (69.3)"
Alcohol, n (%) 689 (19.4) 641 (19.1) 48 (24.2) 387 (11.9) 220 (67.6)""
Betelnut, n (%) 287 (8.1) 260 (7.8) 27 (13.6)
Hemoglobin (g/dL) 139215 139+ 14 138 + 1.7 138 + 14 149 = 1.3
Platelet (10%/uL) 217 + 57 217 + 57 209 + 63" 218 + 57 211 - 58
AST (IUL) 31225 31+26 33+ 22 31226 31 =25~
ALT (IUA) 33 = 47 33 + 48 3435 33 = 48 39 = 32*
BUN (mg/dL) 16 + 5 15242 23 = B 16 +5 165
Creatinine (mg/dL) 09-03 08 =02 14 + 08" 09 +02 1+06"
Uric acid (mg/dL) 57+15 57>14 69+ 1.7* 57*14 64 + 15"
Albumin (g/dL) 40-03 4-+03 39 04" 4203 4+03
Globulin (g/dL) 32-+04 32+04 2305 32 :+04 31=+05"
Cholesterol (mg/dL) 201 =39 200 + 38 210 + 43° 201 + 38 192 + 43~
Triglyceride (mg/dL) 124 - 132 123 - 134 142 = 99* 119 + 99 187 = 316"
Glucose (mg/dL) 108 =+ 44 108 + 42 116 = 64* 108 + 43 113 + 53

Data is expressed as mean > SD or number (percent), as appropnata.

*P < 0.05 in independent t test, Mann-Whitney U test, or x° test between participants with CKD and those without.

*p < 0.05 in independent t test, Mann-Whitney U test, or x° test between beteinut chewer and non-betelnut chewer.

eGFR indicates estimated glomerular filtration rate (mL/min/1.73 m?); BMI, body mass index; SBP, systolic blood pressure: DBP, diastolic
blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blooo urea nitrogen.

findings suggested that the influ- when adjusted for age, sex, hyper-

ence of betelnut may overpower the tension, and diabetes.

influence of smoking and alcohol _ )

consumption. 3) Betelnut use was Possible Mechanism

independently associated with a Our finding may be explainéd by

1.8-fold increased risk of CKD  several hypotheses (Table 4). First,
betelnut may have a direct nephro-

TABLE 2

toxicity. The aqueous extract of
betelnut was found to induce DNA
breaks in kidney cells in animal
model'” and betelnut chewing is as-
sociated with increasing urine albu-
min excretion in type 2 diabetic
patients.” Second, betelnut was asso-

Odd Ratios of Chronic Kidney
Disease (CKD) Risk Factors TABLE 3
95% Odd Ratios (ORs) of Chronic Kidney Disease (CKD) Risk Factors Adjusted for
Odds Confidence Age, Gender, Hypertension, and Diabetes
Ratio Interval 95% Confidence
Hypertension 2083  1.490-2.913 O @ wewa - - P
Diabetes 1.822 1.183-2.805 Betelnut 1.812 1.072-3.061 0.026
Hyperiipidemia  1.979  1.095-3.579 BMI 1.043 1.002-1.085 0.038
Betelnut 1.879 1.228-2.874 Hyperipidemia 1.763 0.952-3.266 0.071
Smoking 1.329 0.934-1.897 Smoking 1.014 0.639-1.610 0.953
Alcohol 1354 0.968-1.896 Alcohol consumption 1.195 0.786-1.818 0.405
consumption

o
—t
]

e

BMI indicates body mass index (every 1-kg/m? increment).
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TABLE 4
Possible Mechanism of Betelnut-Related
Chronic Kidney Disease (CKD)

Direct nephrotoxicity
Induces DNA breaks in kidney cells
(animal model)
Increases urinary albumin excretion rate
in type 2 diabetic patients
Through precursor of chronic kidney disease
Diabetes
Obesity=
Metabolic syndrome
Combined lifestyle
Smoking
Alcohol Eonsumphon

ciated with CKD through the associ-
ated lifestyle factors. Participants
with betelnut use have a high prev-
alence of smoking'® and alcohol
consumption,'® which are risk fac-
tors of CKD. Third, betelnut use may
be associated with CKD through the
precursors of CKD such as diabetes,
metabolic syndrome, and obesity.'**
Betelnut users were found to have a
higher SBP, serum tnglyceride, and
fasting blood glucose (Table 1) in our
study; however, the data of high-
density lipoprotein cholesterol and
waist circumferences were not avail-
able. In view of the effect of CKD on
global health, our finding had an 1m-
portant epidemiological implication.
The peak age of betelnut use was
reported to be 30 to 40; however,
only 34 participants enrolled in our
study were younger than 40,
which explained the lower prevalence
of betelnut use in our study.'**' The
prevalence of CKD is 5.6% in this
study, similar to previous reported in-
cidences of CKD in adults younger
than 65 in Taiwan.'?? The incidence
of CKD increases rapidly in adults
younger than 65 year-old'; therefore, it
is critical to identfy possible nsk fac-
tors of CKD in adults younger than 65
to decrease the incidence of CKD. Our
study demonstraied that betelnut use
may be a more important risk factor of
CKD than are smoking and alcohol in
individuals younger than 65. Further
study 1s needed to determune the quan-
tity and duraton of beicinut use in

association to the decrease of renal
function,

In conclusion, our study demon-
strates a significant association
between betelnut use and chronic
kidney disease in adults with an
8.1% prevalence of betelnut use. The
association between betelnut use and
CKD is independent of body mass
index, smoking, alcohol consump-
tion, and hyperlipidemia. More stud-
ies are needed 1o confirm our finding
and 1o investigate the effect of
betelnut cessation in reducing the
prevalence of CKD.
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The impact of cigarette smoking, alcohol drinking and betel quid chewing on
the risk of calcium urolithiasis.
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Abstract i J

PURPOSE: To evaluate the independent and combined effects of alcohol drinking, cigarette smoking and betel quid
chewing on the risk of calcium urolithiasis.

METHODS: A totai of 354 cases diagnosed with calcium urolithiasis and 354 age- and sex-matched healthy controls
were recruited from Kaohsiung Medical University Hospital between June 2003 and February 2007. All subjects
completed a detailed questionnaire survey and provided blood and urine samples for biochemical evaluation.
RESULTS: Current cigarette smoking (odds ratio [OR], 1.66; 95% confidence interval [95%C1], 1.11-2.50; p=0.014)
and current betel quid chewing (OR, 1.97; 95%CI, 1.06-3.64: p=0.032), but not current alcohol drinking, were found to
be independent risk factors for the development of calcium urolithiasis The joint risk of current cigarette smoking and
current betel quid chewing was increased 3.73-fold (OR, 3 73, 95%Cl, 1.81-7.70, p<0.001) compared to those who
had neither habit.
CONCLUSIONS: Both cigarette smoking and betel quid chewing are independent risk factors for the development of
calcium urolithiasis. The risk effect is even strengthened when subjects have both habits. These findings suggest

users can greatly reduce the risk of calcium urolithiasis if they quit these two habits.
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The increased risk of urinary stone disease in betel quid chewers.
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i
Abstract

The chewing of betel quid is a common practice in many countries of the world, particularly in Southeast Asia. The
quid consists of a preparation of areca nut, betel leaf and calcium hydroxide "lime" paste ("chuna"). For the first time,
we present a study that links its use to urinary stone disease. Eight patients (seven male and one female) who
presented to our Stone Unit with recurrent urinary stones were included in the study. All were from the Indian
subcontinent and were found to regularly chew betel. The patients underwent metabolic screening including blood,
random urine and 24-h urine tests, quantitative chemical analysis of their calculi (where possible) and each
completed a 7-day Diet Diary on his/her free, home diet. The sludy demonstrated a high incidence of hypercalciuna,
a tendency to pass an alkaline urine and low urinary citrate excretion among the patients. Together these urinary risk
factors increase the probability of developing both calcium phosphate-containing and calcium oxalate-containing
stones. In support of this hypothesis, the patients were found to form stones consisting mainiy of calcium phosphate
but mixed with calcium oxalate. It is conciuded that the use of calcium hydroxide "chuna” in the betel quid is the major
contributor to the cause of urinary stones in its users. Moreover, the development of urinary lithiasis in such patients

may be a precursor to milk-alkali syndrome in those individuals whose chewing habit is more extensive than in the

- »

patients in this study and who do not seek to decrease their habit over the long term.



