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Betel nut and tobacco chewing; potential risk
factors of cancer of oesophagus in Assam, India
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Sumw&mdmmémsmm&mnmtydiagmwm males in Assam, in north-eastem India, and ranks second for
females. The chewing of betel nut, with or without tobacco and prepared in various ways, is a commaon practice in the region and a case—control
study has been designed to study the pattem of risk associated with different ways of preparing and chewing the nuts. 358 newly diagnosed
male patients and 144 female have been interviewed together with 2 control subjects for each case chosen at random from among the
attendants who accompanied patients to hospital. There were significant trends in risk ratios associated with the frequency of chewing each
day, with the duration of chewing in years and with the age at which the habit was started that were apparent for both males and females and
which remained significant after allowance was made for other known risk factors, notably tobacco smoking and alcohol consumption. The
adjusted ratios, in comparison with non-chewers, were 13.3 M and 5.7 f for chewing more than 20 times a day, 10.6 M and 7.2 F for persons
who had chewed for more than 20 years and 10.3M and 5.3F for those who had started before the age of 20. Among the different
combinations of ingredients that were chewed the adjusted odds ratios were highest for those who had been using fermented betel nut with any
form of tobacco (7.1 M and 3.6 F). The risk associated with tobacco smoking and alcohol consumption, which are high in some parts of the
world, were less in Assam than those associated with the chewing of betel nut. @ 2001 Cancer Research Campaign  http:/Mww.bjcancer.com
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Cancer data, from both populaton-based and hospital-based
cancer registries in India, showed the highest incidence of
oesophageal cancer to occur in Assam in the north east of the
country, followed by Bangalore and Bombay (NCRP, 1984-1989).
In Western populations, oesophageal cancer (especially amongst
men) seems to be mostly due to a combination of tobacco smoking
and alcohol consumption (Tuyns et al, 1977). Poor nutrition may
increase susceptibility in many parts of the world and various local
factors such as very hot liquids, and the consumption of pyrolysed
products such as opium dross in Iran or dottle from the stem of
tobacco pipes in South Africa seem to compound the risk and to
produce very high rates even in areas where tobacco smoking and
alcohol consumption are rare (Munos and Day, 1997; Kinjo et al,
1998). Aetiological studics in India have quantified the nsks of
oesophageal cancer associated with betel nut chewing and the
consumption of alcohol and tobacco in Bombay and Bangalore
(Jussawalla, 1971; Jussawalla and Deshpande, 1971; Nandakumar
et al, 1996) but no such investigation has been made in Assam
where certain ingredients and methods of preparetion of the betel
nut quid differ from those common in other parts of India.

In Assam ‘raw’ (“green’), "ripe” (‘red’) and ‘fermented’ (*under-
ground’, “processed’) betel nuts are all chewed. The latter, known
locally as *Bura Tamul’, is prepared in a 4-5 foot hole n the
ground where ripe betel nuts are left for 3-4 months covered with
bark from the betel tree, cow dung and soil. During the period of
fermentation the outer fibrous shell of the nuts decays. Chopped or
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crushed nuts at the different stages of ripening or decay are
wrapped in betel leaf and are chewed with or without tobacco.
‘Dhapat’, dried tobacco leaf that may be treated with lime
(calcium oxide), is sometimes added to the betel nut in the quid
while a mixture of finely cut and dried, ‘raw” or “ripe” betel nut
(*Supan’) and finely cut, scented tobacco (*Zarda’) is also chewed.
In Assam a larger proportion of betel nut is included in the quid
and fewer leaves than in the ‘pan’ which is chewed in Bombay and
which includes only a very small quantity of betel nut that is
always processed (‘fermented’). As in Assam, the Bombay quid
may also include tobacco. Dried tobacco chewed alone in Assam
is known locally as ‘Chadha’. Whatever the composition of the
quids, they are usually retained in the mouth for about 20 to 25
minutes but occasionally the mixture may be retained in the
mandibular groove duning sleep (Bhansle et al, 1979).

A case-control study has been camed out in collaboration with
the Dr. Bhubaneswar Barooah Cancer Institute (BBCI) in
Guwahati (the largest city in Assam) to investigate the nsks asso-
ciated with the vanous chewing habits that are practuised in the
state and to estimate the effect independently of tobacco and
alcohol consumption.

METHODS

The BBCI 1s one of the regional cancer treatment and rescarch
centres in India and provides treatment for patients from the 7
north-castern states, of which Assam s the largest, (total popula-
tion 31.4 million (1991 Census)). The study was conducted from
July 1997 to June 1998 during which peniod 3720 cases of all types
of cancer were registered and 590 new cancer of the oesophagus
cases. All suspected cases of cancer of the oesophagus were
directed to the social investigator(s) of the project for interview

661



BJOC 01-1920 661-667

20/8/01 3:08 pm  Page 662

662 RK Phukan et al

before referral to the medical consultant. At the same time infor-
mation was collected from the attendants who accompanied cancer
patients and who provided a readily available and cooperative
source of controls from the same socio-economic background as
the patients. A final group of matched controls (2 for each patient)
wcmscicctcdbymndompaiﬁngofﬁ:cmwiu:mbjem from
the pool of controls after matching for sex and age (within + 5
years).

Only cases confirmed by microscopy and for whom the oesoph-
agus was the primary site of cancer were included in the study. Out
of the total cases 93.2% had squamous ce!l carcinoma, 5.2% had
adenocarcinoma and 1.6% other types of cancers. Patients with
advanced disease (20), where the tumour had spread so as to
obscure’the primary site, patients with recurrent canoer (20) and
those who were 100 elderly (12) and who refused to be interviewed
(31) were excluded from the study. A total of 502 patients were
finally included (358 men and 144 women).

Details of age and sex and various demographic variables were
collected in the course of the interviews as well as details of
personal habits that included tobacco smoking and the consump-
tion of alcohol as well as chewing practices. A pre-designed, pre-
tested questionnaire was designed specifically for the study. The
selection of controls from among the persons bringing the patients
to hospital is likely to have minimised differences of socio-
economic conditions and also of adequacy of nutrition between the
patients and controls and these have not been investigated further.

Analysis ofﬂ\edahwubynmlﬁplelogisxicmgnssionfﬂr:sluu
and Day, Im}ﬁmwhjd:nﬁmofr:}ali\-cri.sk(oddsmﬁo=

—§—

stratified adjustment of each factor for the other 2, potentially
confounding, habits). In the multifactorial models, the ‘other’
factors were fitted before the exposure factor of interest.

Estimation of the proportion of cases of a discase artributable to
expusmloapanicdufacmrlnsbcmdombynlcuhﬁnglbc
‘aetiological fractions” for each variable (Levin, 1953).

RESULTS -

The adjusted risks associated with the chewing of betel nut were
higher than those for tobacco smoking and alcohol consumption at
all levels of consumption (Tables 1-3). However, for all 3 habits
there were significantly elevated ORs at high Is of intake or
after a long duration of consumption and clear indications of
dose-response effects for all 3 habits, The adjusted ORs for
persons who chewed more than 20 times a day in comparison with
non-chewers were 13.3 for males and 8.4 for females (P < 0.001
for both comparisons) (Table 1) whereas the adjusted ORs for
smoking more than 20 times a day were 3.7 and 2.5 (P <0.001 and
P = 0.03) (Table 2) and the adjusted ORs for the highest level of
alcohol consumption were 4.8 (P =0.05) for males (drinking more
than 10 times a week) and 3.6 (P = 0.006) for females (drinking
5-10 times a week) (Table 3).

65% of men in the control population and 38% of women were
chewers but only 24% of the men and 3% of the women smoked
tobacco and only 24% and 4% consumed alcoholic drinks. In view
of the lower population-exposure and of the lower adjusted ORs
for the smoking and drinking habits, compared with those for

exp(B)) and standard errors were derived for

betel nut chewing,

chewing, the detailed results are tabulated (Tables 2 and 3) but are

tobacco smoking and alcohol consumption (with or without not mentioned further in the text.
Table 1 mummmwmmmm«mmmm“mm adjustment for smoking and alcohol
Chewing Male Female
Characteristics Cal/Co OR Pvalue  AdjOR P value Ca/Co OR P value Adj OR P value
(95% Ci) (95% CI) (95% Ci) (35% Ci)
Non-chewer 30249 1 34153 1
Chewers 328/457 58 <0.001 26 0.045 100135 ar <0.001 19 0.062
(23-102) (13-74) (1.6-10.3) (0.02-7.8)
Frequency (per day)
14 60/169 29 <00 23 0.041 25/60 19 0.093 15 0.093
(13-84) {0.2-8.4) (0.89-53) (007-57)
510 TN 35 < 0.001 25 0.021 17734 23 <005 1T 0.072
(1.9-10.4) (0.7-9.6) (1.02-8 4) (0.02-6.4)
11-20 8077 86 <0.001 48 <0.001 38725 68 <0.001 23 0.031
(39-153) (13-84) (25-138) {05-65)
20+ 115 19 <0.001 133 <0.001 3016 84 <0.001 57 < 0.001
(94-282) (45-246) {43-196) (2517 6)
Duration (years)
<10 51180 24 <005 18 0.083 2571 16 0.087 12 0.143
11-82 (0.09-7.1) (1.2-6 8) (007-52)
10-19 641165 32 < 0.001 19 0.068 42/149 39 <001 17 0.082
18-10.5 (0.06-55) (14-85) (0.03-6.1)
20+ 213122 14.5 < 0.001 106 < 0.001 4315 129 <0.001 T2 < 0.001
56-239 (56-17 3) (2.0-18.8) (26-142)
Age start (years)
<20 154/90 142 < 0.001 103 <0001 49727 82 <0001 53 < 0.001
(5.4-26.3) (31-187) (2.5-20.8) (2.1-18.2)
20-29 142178 66 < 0.001 48 <0.001 40130 6 <0001 39 < 0.001
(23-12.4) (14-95) (11-1586) (15-7.8)
30+ 321199 13 0.075 08 03N 2178 1.2 0.064 05 0.561
(0.8-5.8) (007-4 2) (0367 (0.02-6 1)

Ca = cases. Co = controls. OR = odds ratio
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Table 2 Risk estimates of smoking habits and dose-response parameters with or without adjustment for chewing and alcohol

Smoking Male Female
characteristics
Ca/Co OR P value Adj OR P value CalCo OR P value Adj OR P value
(95% Cn (95% C1) (95% Cn) (95% CI)
Non-smokers 198/544 1 129/278 1
Smokers 160/172 26 0.031 12 oo7 15/10 32 0.04 18 0.34
(1.2-8.1) (0.03-65) {1.9-10.5) (D.05-5.8)
Frequency (per day) - -
-4 20/50 1.3 072 0.85 046 3 22 0.058 16 043
(0.05-4.5) (0.04-3.5) (0.9-9.4) {0.3-45)
510 35/48 2 o 13 068 5/14 27 0.052 18 034
{0.02-5.8) (0.03-37) (1.3-10.4) (08-62)
11-20 47/41 . | 0.006 25 0007 &2 43 < 0.001 21 0.04
(15-86) i (14-7F) (1.8-15.8) (0.6-10.3)
20+ 5833 48 <0001 a7 <0001 amn 6.4 < 0.001 25 003
(25-125) (1.8-85) (36-205) (08-85)
Duration (years)
<10 38/68 15 0es 0.68 069 506 18 0.48 06 0.15
(0.4-65) (0.04-3.5) (0.4-42) (0.03-5.1)
10-19 56/53 29 oor 15 031 Tir3 5 < 0.001 27 0.03
(0.8-83) (0.4-45) (26-12.2) (0.9-10.8)
20+ 66/51 a6 0.005 28 009 n 65 < 0.001 32 0.007
(1.4-11.5) (03-65) (3.2-18.3) (15-95)
Age at start (years)
<20 B4/45 51 <0001 4.4 <0.001 62 6.5 < 0.001 23 002
(1.4-14 50) (1.8-16.3) (2.3-14.5) (06-92)
20-29 46/56 22 015 1.7 058 63 43 <0.001 ot | 0.004
(0.6-95) (0.7-8.5) (1.8-11.4) (09-87)
30+ 30m 12 035 08 076 s 1.3 0.46 04 048
(0.04-56) (0.03-4.5) (0.9-8.8) (0.07-3.9)
Type of smoking
Bidi T255 36 0.007 28 076 T3 5 < 0.001 24 0.006
(1.8-95) (13-74) (2.1-126) (13-83)
Cigarette 5673 21 035 15 046 53 36 0.004 18 008
(13-86) (0.8-6.3) (1.4-89) (0.06-8 6)
Others 32/a4 19 061 1.2 058 4 16 o1 07 0.43
(08-63) (05-7.8) (0.7-4.5) (0.07-6.3)

Consideraton of the duration of chewing habits and of the age at
which the habit was taken up (Table 1) shows adjusted ORs of 10.6
and 12.9 for men and women who had been chewing for more than
20 years and of 10.3 and 5.3 for those who started the habit before
the age of 20 (P < 0.001 in each instance).

The nisks associated with the different types-of quid that are
chewed are shown in Table 4. The highest adjusted risks for men are
associated with the chewing of betel nut together with tobacco (both
Dhapat (OR 7.1, P < 0.01 where fermented betel nut is used and OR
3.1, P < 0.01 where green or red betel nut i1s used) and Zarda (OR
6.6, P < 0.001)). For men who chew tobacco alone (Chadha) the nsk
is also elevated (OR 4.9, P < 0.001). The pattern for women 1s
similar but not identical. However, the numbers are smaller than
those for men and so the ORs are likely to be less stable.

For both men and women the adjusted nsks associated with the
chewing of betel nut without tobacco are lower than those where
tobacco is used, especially when the tobacco is added to fermented
nut (OR 7.1, P<0.01 for men and 3.6, P < 0.001 for women). The
ORs associated with taking just green or red betel nut are 1.9 for
males and 0.5 for females, neither diffening significantly from the
risk in non-chewers. For chewers of fermented betel nut without
tobacco there is a slightly raised nsk for males (OR 2.3, P < 0.05)
and no elevation of risk for females (OR 0.8, P = 0.351).

The risks for persons who spit out the juices of the quid con-
trasted with those who swallow them and for those who retain the

© 2001 Cancer Research Campaign

quid in the mouth for longer periods of time are given in Table 5.
For males there is a clear trend in increasing nsk from those who
spit or swallow sometimes (adjusted ORs of 1.4 and 1.6 that are
not significantly different from the risk in non-chewers) to those
who both swallow the juices and retain the quid in the mouth
(OR 6.3, P < 0.001). For women the pattern is less clear but the
numbers who retain the quid in the mouth with or without
swallowing are very few.

The combined effect of betel nut chewing and smoking as well as
chewing and alcohol drinking are shown in Table 6 and Table 7. The
highest nsks for men (OR = 15.3) and women (OR = 27.4) were
found to be associated when fermented betel nut was used in combi-
nation with tobacco and bidi smoking. A combination of fermented
betel nut with tobacco and non-commercial alcoholic drinks showed
a highly elevated nsk (OR = 18.5M and OR = 13.5 F).

The nisks for persons who practice different combinations of the
three habits are given in Table 8. For both men and women, the
highest risks are among those who practice all three, chewing betel
nut, smoking tobacco and consuming alcoholic drinks, (ORs 13.6
and 11 8); and then among those who chew and smoke (ORs 8.4
and 8.1). The ORs for chewing and drinking are also elevated but
to a slightly lesser extent (ORs 5.5 and 7.6). The nisks associated
with the practice of just one of the habit again show chewing (ORs
3.4 for men and 3.5 for women) with a higher nsk than smoking
(ORs 1.9 and 2.5) or drinking (ORs 1.4 and 1.7).

British Journal of Cancer {2001) 85(5), 661667
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Table 3 RiskeslimalesafalcnholhmﬁmmﬁmmmﬁMWmmmﬁmmmm

Alcohol Male Female
CalCo OR P value Adj OR P value Ca/Co OR P value Adj OR P value
(95% C1) {95% CI) (95% CI) (95% C1)
_
Non-alcohal drinker 189/544 1 126276 1
Alcohol drinker 169/172 28 0.085 22 0.15 1812 33 0.04 1.3 0.06
. (0.9-63) (0.8-7.5) (15-95) (0.07-7.6) B
Frequency (per week)
<1 31/56 16 0073 15 027 4/ia 22 0.058 16 0.08
(0.06-4.8) (0.05-9.2) (0.8-5.6) (0.05-4 5)
2-4 37/55 19 0.065 14 0.23 BIIS 26 0.052 15 0.08
(0.06-6.3) (0.07-7.2) (0.4-7 3) | (0.06-62)
510 63/43 42 0.009 2.8 0.082 &3 58 < 0.001 36 0,006
(1.8-10.6) (0.06-8.3) (24-117) (0.9-63)
10+ 38/18 6.1 <0.001 48 0.005 0/0 o ] o (4]
(2.7-14.8) ' (18-117)
Duration (years)
<10 42/70 1.7 061 13 0.72 Tie 26 0.004 15 031
(0.7-5.6) (0.08-8.5) (0.4-63) (0.09-5.4)
10-19 69/76 26 0.04 21 0.08 5//4 27 0.002 13 053
(0.9-7.2) (0.4-9.3) (0.8-7 8) (0.03-84)
20+ 58/26 64 <0.001 51 < 0.001 642 66 < 0.001 31 0.006
(26-14.5) (0.1-7.5) (3.1-16.3) (02-122)
Age at start (years)
<20 47114 a7 < 0.001 73 < 0.001 4 &8 <0.001 32 0.007
(36-207) (2.8-16.7) (32-185) (1.4-82)
20-29 52/56 27 0.002 18 0.075 6//a 33 0.006 1.7 0.486
(0.8-8.3) (0.9-5.4) (1.3-11.6) (0.02-9.4)
30+ 70/102 19 007 13 0.15 a7 25 0.031 1.4 0.5
(0.84.5) (0.3-4.6) (0.9-6.8) (0.03-6.1)
Type of alcohol
Non-commercial 63/40 45 <0.001 24 0.007 9irs 39 0.003 19 0.09
alcoholic drinks {26-6.0) (0.5-9.6) (1.7-68) (0.07-7.5)
Process drinks 52/64 23 0.04 18 008 5if4 27 0.008 15 035
(0.542) (05-63) (0.8-5.9) (0.02-95)
NCAD + PAD 54/68 22 0.05 16 0.09 4113 29 0.006 17 062
(0.7-3.3) (0.4-7.5) (1.6-6.7) (0.06-5.4)
NCAD = Non-commercial alcoholic drinks, PAD = Process alcoholic drinks.
Table 4 Risk estimates of different habits of betel nut chewing with additives
Chewing practices Male Female
= e A
CalCo OR P value Adj OR P value CaiCo OR P value Adj OR P value
{95% C1) (95% C1) {95% CI) {95% CI)
Non-chewer 30/248 1 34/153 1
Chadha 68/84 6.7 <0.001 49 < 0.001 158 84 <0.001 34 =0.001
(2.7-16.9) 28-116 (24-188) 1356
BL + RIG BN 501120 35 <0001 19 0.089 20/56 16 0073 05 0422
(1.3-9.8) 0.08-63 (0.9-8 5) 003-37
BL + UGBN 65/132 41 <0.001 23 <005 15/32 21 0.062 08 0.351
(2.2-105) 07-84 (1.6-102) 0.06-4.6
BL+R/GBN +D 40/62 54 <0001 31 <001 25114 8 <0.001 43 <0.001
(2.4-152) 1.3-67 (2.2-138) 1597
BL+UGBN+D 82154 126 <0.001 r 4% <0.01 2516 ¥ 4 <0001 36 =0.001
(5.7-238) 3567 (32-172) 1492
BL+SBN+Z 2315 127 <D.001 66 <0.001 1019 5 <0.001 22 <0.05
(5.8-26.3) 28105 1.6-11.4 D463

BL = Betel leaf, R/G = Red/green: UG = Underground, BN = Betel nut: D = Dhapat, S = Supan, Z = Zarda

British Journal of Cancer (2001) 85(5), 661-667
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Table 5 Risk estimates of practice of spitting, keeping in mouth and swallowing of betel quid after chewing

Type of chewing Male Female
CalCo OR P value Adj OR P value CalCo OR P value Adj OR P value
(35% C1) (95% CI) (95% C1) {95% CI)
Non-chewer 307249 1 34/153 1
Spitting 9/138 19 0072 14 0.091 25/30 38 <0.001 1.7 0.082
(1.2-57) (0.06-52) = (1513 (0.09-586)
Partially swallow 34/85 33 <(0.001 16 0.167 30/46 29 <00 31 < 0.001
(1.8-96) (0.04-62) (1.2-88) (1.2-9.6)
Swallowing 721105 57 <0001 39 <0001 45/50 4.1 <0.001 43 < 0.001
(23-84) (1392 (2.2-1086) (1.9-86)
Keeps in mouth 3535 83 < 0.001 i.s < 0.001 l & 51 <0.001 i <0.01
(32-11.4) (23-119) (26-142) (1.2-98)
Swallow + Keeps in 92/80 95 <0.001 63 < 0.001 202 45 <0.001 29 <001
mouth (3.2-159) (1.4-132) (16-02) (1.6-7.4)
Table 6 Risk estimates of diflerent i 15 of betel nut ¢ g and smoking (adyusted for alcohol)
Male Female
CalCo OR Pvalue  AdjOR P value Ca/Co OR P value Adj OR Pvalue
(95% C1) (95% C1) (95% C1) (95% CI)
NCh & NSm 26227 1 31142 1
Chadha 2039 45 0003 a2 0.004 BiIs 73 <0.001 62 <0.001
(27-83) (16-95) (24-135) (24121
Chadha+BSm w2n? 62 0001 57 oo 43 61 <0.001 51 <0.01
(26-104) (18-103) {32-129) (1.9-10.3)
Chadha+CSm 1119 51 0.001 43 0.003 3 46 0.004 a7 0.006
(24-98) (21-96) (2.7-10.3) (1.8-6.5)
BL+R/IGBN 22/63 3 o002 24 0.09 12//40 14 04 05 052
(15-72) (12-55) (0.4-58) (0.01-43)
BL+R/GBN+BSm 20135 S <0001 43 oo 6/10 27 oor 14 041
{2.3-106) (26-83) (1.3-75) (0.02-52)
BL+R/GBN+CSm 14730 41 < 0.001 iz 0.005 4/110 18 05 o8 0.66
{1.8-108) (18-67) (06-63) (0.06-3 B)
BL+UGBN 34/68 44 0.002 26 0.008 10/f26 18 on 12 D48
(1.8-9.3) (14-65) (0.3-4.5) {0.05-4.6)
BL+UGBN+B5m 20034 51 <0001 43 0.007 s 27 015 19 0.26
(2.1-10.5) (2.3-98) (1.6-7.6) {(0.2-5.7)
BL+UGBN+CSm 19137 45 <0001 38 0.006 204 23 o021 15 0.37
(2.3-8.6) (1.7-10.5) (1.5-96) (0.3-7.6)
BL+RIGBN+D 20/32 55 < 0.001 48 < 0.001 1615 49 < 0.001 38 0.004
(16-9.8) (26-10.3) (2.5-9.6) (1.3-8.5)
BL+R/IGBN+D+BSm 17120 T4 < 0.001 6.5 < D001 3 107 <0.001 85 <0.001
(2.1-11.3) (28-1186) (3.3-137) (26-16.3)
BL+R/GBN+D+CSm 12119 55 < 0.001 5 < 0.001 ar 69 <0001 45 <0.001
(1.3-104) (18-10.8) (2B8-126) (16-84)
BL+UGBN+D 35120 153 <0001 9.5 < 0.001 1216 9.2 < 0.001 66 <0.001
(7.1-23.8) (33-208) (36-154) (24-11.5)
BL+UGBN+D+BSm 2619 252 <000 153 0.003 ain 366 <0.001 274 <0.001
(103-312) (46-287) (18.5-48 6) (14.3415)
BL+UGBN+D+CSm 25114 156 < 0.001 51 0.006 SN 229 < 0.001 16.1 <0.001
(63-212) (24-176) (75-427) (8.1-27.3)
BL+SBN+Z 12in5 T <0001 56 <0.0M S a3 0.03 19 028
(26-13.3) (23-103) (1.7-86) (0 4-6.5)
BL+SBN+Z+B5m 68 65 <0001 a1 0005 Kk} 46 002 28 009
(27-12.2) (1.8-97) (2.3-10.5) (1.3-7.6)
BL+SBN+Z+C5m 7110 61 <0001 a7 0.02 202 45 0.005 24 0.04
(2.3-13.5) (1.4-76) (1.9-126) (1.1-8.4)

NCh = Non chewer. NSm = Non smoker, BSm = Bici smoker, CSm = Cigarette smoker, BL = Betel leaf, BN = Betel nut, /G = Raw/Green, UG = Underground;
D = Dhapat; Z = Zarda

® 2001 Cancer Research Campaign Bntish Journal of Cancer (2001) 85(5), 661—667
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Table 7 Risk estimates of different b

—p—

15 of betel nut ch '_Nmmlmhm‘]

Male Female
Ca/Co OR Pvalue  AdjOR Pvalue  CalCo OR Pvalue  AdjOR Pvalue
(95% Ci) (95% cn) (95% Ci) (95% C1)
NCh & NAD 22218 1 280149 1
Chadha 1635 as 0.003 as 0003 e 62 <0.001 58 <0001
(16-103) (19-85) 2.4-159) @1-124) _
Chadha+NCAD 1928 67 <0001 6.1 0004 a3 71 <0001 63 <0001
(28-12.4) (26-128) (28-197) (2.4-14.3)
Chadha+PA 1523 65 <0.001 53 0002 w3 53 <0001 a4 <0001
(24-152) (22-13.1) (15-163) (1.7-95)
BL+R/GBN 21153 39 0008 28 0.06 10027 2 0.04 14 024
(14-126) (13-75) (©7-85) 0365
BL+R/GBN+NCAQ 26/a1 63 0.002 56 0004 720 2 0.08 16 041
5114 (22-96) (03-106) (02-9.3)
BL +RIGBN+PA 14725 55 <0.001 42 <0001 &2 27 <001 17 015
(19-108) (18-10.5) (11-95) (06-85)
BL-UGBN 22158 38 0004 31 0002  ans 32 <0001 24 <001
(12-96) (1.6-85) (18-115) 09-72)
BL+UGBN+NCAD 39046 B4 <0001 62 <0001 710 a7 <0001 21 004
(34-145) [2.4—11.3] (1.3-107) (1.3-54)
BL+UGBN+PA 20041 48 0.001 36 <0001  sr9 3 <0001 19 0.08
(16-11.2) (1.7-95) (15-86) (0.4-75)
BL+RIGBN+D 21138 55 <0001 5 <0001 a8 53 <0.001 42 <0.001
(23-11.8) (1.7-10.6) (1.7-108) (16-105)
BL+RIGBN+D+ 2026 76 <0.001 73 <0001 78 62 <0001 56 <0001
NCAD (28-123) (2.5-12.8) (2.3-142) (23-124)
BL+R/GBN+D+PA 12722 54 <0001 48 <0007 513 89 <0001 73 <0001
(18-106) (17-93) (24-198) (26-103)
BL+UGBN+D 26120 129 <0.001 103 <0001 1205 128 <0.001 104 <0001
(32-18.5) (36-208) (42-208) (26-18.5)
BL+UGBN+D+ 3114 219 <0001 185 <0001 16 <0.001 135 <0.001
NCAD (75-32.4) (5.6-27.3) (83-26.4) (31-206)
BL+UGBN+D+PA 1215 79 <0.001 63 <0001 52 133 <0001 106 <0001
(19-14 5) (25-147) (54-216) (3.2-18.2)
BL+SBN+Z W6 148 <0001 84 <0001 74 93 <0.001 84 <0001
(46-228) (26-17.5) (36-185) (31-163)
BL+SBN+Z+NCAD 613 19.8 <0.001 121 <0001 8 <0001 65 <0001
(53-28.6) (4.3-21.4) (24-17.3) (27-146)
BL+SBN+Z+PA 704 173 <0001 136 <0001 2m 106 <0.001 73 <0001
(42-245) (4.6-225) (35-204) (18-153)

DISCUSSION

Betel nut chewing with or without tobacco has been shown 1o be
independently associated with the development of oesophageal
cancer in Assam and there are clear dose-related responses that
indicate a causal effect. Risks are higher for men than for women
and further evidence from the data shows that male chewers stan
the habit at a younger age, use tobacco more often and chew both
more frequently during the day and for longer periods of time.
Similar findings have also been reported from elsewhere in India
(Jussawalla, 1971, 1981). However, in Assam it has been found
that the risk from chewing betel nut and tobacco together i1s higher
than that from betel nut alone and this differs from the earlier find-
ings from Bombay where chewing betel nut alone gave a substan-
tially higher risk, apparently because the Juices from the quid with
tobacco were usually spat out while those from betel nut alone
were habitually swallowed (Jussawalla, 1971).

The betel nut (dreca catechu L) has been shown to have
carcinogenic potential (Sun et al, 1971, Sharan and Wary, 1992)

Bntish Journal of Cancer (2001) 85(5), 661—-667

and 3-methyl nitrosamine propionitrile  (MNPN), a potent
carcinogen (Nair et al, 1987) and safrole-like DNA adducts (Chen
etal, 1999) have been detected in the saliva of betel chewers. Both
saliva and the active alkaloid, arecoline, present in the nut have
been shown to be genotoxic and mutagenic (Chetia et al, 1996,
Chaterjee and Deb, 1999. Mahanta et al, 1999; Saikia et al, 1999).
Contamination of areca nuts has also been found by fungi such as
Aspergillus flavus, A. niger and Rhisopus sp. (Bandre, 1983; Borle
and Gupta, 1987) which can produce carcinogenic aflatoxins.

Clearly the effect of chewing is greatest on the buccal mucosa
and many studies have indicated a strong dose-response relation-
ship with tumours of the oral cavity (Blot et al, 1997). However,
components of the betel quid are absorbed through the mucous
membrane by chewers while some portion 15 also swallowed so
that the oesophagus is also affected. The present study strongly
indicates that betel nut chewing is probably the most important
risk factor for ocsophageal cancer in Assam and shows the need
yet again for public education to highlight the risks associated with
this deeply entrenched local habit.

© 2001 Cancer Research Campaign
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Table 8 Risk factors for cancer phagus related to isolated and combined habits
Habits Male Female
Ca/Co  RR(95% Cl) P value CF EF CalCo RR (35% CI) P value CF EF
No habit 32217 1 26/132 1 .
Chew only 67/133 34 0005 018 o7 78/113 35 0.004 054 on
(12-95) (14-103)
Smoke only 27/98 19 023 008 047 S0 25 008 003 061
(0.3-586) - (0.8-7.3)
Drink only 22106 14 046 006 029 anz 17 063 003 0.41
{0.1-4.5) (0.5-5.8)
Chew + Smoke B3/67 84 <0.001 023 088 8IS 8.1 <0.001 0.06 087
(26-14.3) (23-12.9)
Smoke + Drink 28727 7 < 0.001 008 086 as 4.1 0.002 0.03 075
(2.1-13.49) | i (13-103)
Alcohol + Chew 2531 55 <0.001 007 082 1248 76 <0001 008 086
(19-14.3) (21-16.3)
Chew + Drink + Smoke 7437 136 <0.001 021 093 73 1ns <0.001 00s 092
(45-21.3) (3.7-215)

Chew = Chew betel nut with or without tobacco; Drink = Dmtsmdmybrm(‘.a Cases, Co = Control; RR = Relative risks, CF = Case fraction

(Proportion of all cases in ith gory of exp

): EF = Aetiologi
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and cigarette smoking, drinking

ies, however, have provided limited clues regarding risk
factors for this disease in m-inddcmc regions such as
northern Iran and north-central China, where alcohol and
tobacco appear to Play a negligible role. Dietary and nutri-
tional factors, thermal irritation and soil-related factors have
been implicated in the aetiology of oesophageal cancer jn
these regions (Li, 1982; Yang, 1980; Mufioz et al, 1982;
T'humhamctal., 1985; Ghadirian, 1987; Liet al, 1989).

India has a Jow ro medium incidence of this type of cancer
(Muir e al, 1987), age-adjusted incidence rates varying from 6
0 114 per 100,000 in various registration regions of the
National Cancer Registry

Regional Cancer Centre, Trivandrum, and carci-
Boma of the ocsophagus accounts for 4.5% of these. It is the
h commonest cancer among males and 8th commonest
2mong females in our Centre. Since there is no population
'cg_n;tll;ykin Trivandrum, incidence rates for this region are not
Mailable. An apparently higher frequency of ocsophageal
Sncers has been reported in Kashmircqas compared to hospital
Ures in_the rest of the Country (Siddigi and Preussman,
Previous case-control studies from Bombay have identi-

MATERIAL AND METHODS

Al the Regional Cancer Centre, Trivandrum, 267 patients
Vith Cancer of the o¢sophagus were seen during the years

I Cancer Centre, Trivandrum, 695 01 India; "MRc Biostatistics [ni;

Trimnde- and *Cancer

1983-1984. These patients were interviewed by the social
workers of the hospital cancer registry to elicip information on
their habit pattern. Histological confirmation was obtained in
67% of the patients, and the rest were diagnosed by radiologi
cal means
WETE NO restrictions regarding the patients® residence. In most
cases the details were obtaincd by direct nterviewink of the
patient and in 10 ¢ases from a Surrogate such as spouse or
relative. A structured questionnaire was used 1o cotfect infor-

leaves/stem) chewing, bidi (a native cigarette of coarse to-
bacco in a dry termburnj leaf) smoking, Cigarette smoking.

-ground tobacco
powder) inhalation.

Controls (895) were selected from patients contemporane-
ously seen at the cancer centre (271 Ppatients) for conditions
not diagnosadasmalignanl OF pre-cancerous lesions and from
those atiending the teaching hospitals of the medical schoo)
with dj of acute respiratory, Bastro-intestinal apd
genito-urinary infections (624 patients). They were also inte-
viewed by the social workers to obtain information on the
habits above,

Few subjects reported irregular indulgence in habits, and for
these subjects exact daily frequency, duration and age at

occasionally indulging in the habits

Statistical analysis was by unconditional logistic regression
producing odds ratio (OR) estimates of relative risk and
deviance Chi-squared tests for effect.

RESULTS

Table I shows frequencies of cases and controls by agc, sex
and religion. Since only 4 males (all controls) and 6 females (3

“To whom correspondence and repring fequests shoull ~e senz ay
the Regional Cancer Centre, Trivandrum.

Received: December 27,1990 and in reviscd fo-—— o el

only. Since this was 2 hospital-baseg study, there ™
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TABLE I - FREQUENCIES OF CASES AND CONTROLS BY AGE, SEX
AND RELIGION

creased. This was partly explained by confounding wigy

: smoking (sece “Discussion”), as measured by raw numpe, bid; TABL
_ Favor Category Cases Controls Total bidis smoked per day. Risk was also assessed by total mﬂ“ﬁ:( —
exposure to habits, but this was no more predictiy 13 B
Age 431% 42 lgg 2?; duration or frequency of habit. ) © thag ’;’)’ ¥
50-59 89 306 395 Effects of occasional usc are shown in Table IV. The relat; S’gn—l
6069 88 236 328 risks associated with bidi smoking and alcohol drinkine ¢ Ne
0% 39 106 145 higher than those for regular use, suggesting et B =
Sex Male 207 546 753 occasional users under-reported their consumption. The gjor: ;1‘.
I"‘f‘“'e 60 349 409 icant effect of occasional use of snuff suggests that there p... 31-
_ Religion Hindu 191 544 735 also be an effect of regular use which is not significant, |hmfnay1 gl 41
ﬁtns_nm g; 2153‘1} ﬁé the number of snuff users was small. There is also a si pidi:
= o : association of occasional pan-tabacco chewing with high ﬁ_*f" Ne
Effects of siarting the habit aficr age 20, compared ¢ 2% :
Omitting occasional users, selative risks, 95% confidence R Sindind biaec 08 Sty saly o e
2 i : b gularly indulged in each habit. Snuff was excj Ciga
intervals and results of significance tests in relation to fre- 4 XCluded Ne
. : - - ue to the small number of regular users. The relative
quency of habits, are shown in Table IL. Significant efiects were £ sod with alate age at starfing bidi (RR = 0.26), bidy <
B ed in males for bidi smoking, bidi and cigarette smoking oo age 9 = 0.26), bidi ang 21
- - - - - cigarette (RR = 0.29) and alcohol habits (RR = 0.28) are =
and alcohol drinking, higher frequency of use being associated 2 ith the observed eff £ d p low, Bidi
with increascd risk. No significant effects were associated with consistent with the o eHiects of .““'1"0“' Late age 3 Nt
smoking cigarettes alone, taking snuff (although few subjects commencing pan-tobacco chewing is similarly associated wiyy =
indulged in this habit) or pan-tobacco chewing. In female lower risk (RR = 021), again indicating that the cffect of 20
subjects there was no significant effect of pan-tobacco chewing. duration observed above requires explanation. Alco
Corresponding results for duration of habit are given in Table V shows the results of step-wise logistic regression, Ne
Table 111 Snuff is not included as there werc too few regular which resulted in a model with 4 factors: duraticn of bid; sz;.
users for further subdivision of snuff-taking. Results were  smoking, daily frequency 9f bidi and cigaretie smoking, alcohol o8
similar 10 those observed for habit frequencies except that, in  use (yes or no), and duration of pan-tobacco chewing. Relative (®)
males, we obsesved a significant effect of duration of pan- risk estimates are similar to those adjusted only for age and Pan-
tobacco chewing. No consistent risk gradient was apparent, the religion (see Tables 11 and III). Note that the estimates in Ii‘
relative tisk rising falling and rising again as duration in- Table V are also adjusted for trends of risk with exact numbers 1
21
3
TABLE 11 - FREQUENCIES, RELATIVE RISKS AND RESULTS OF SIGNIFICANCE TESTS WITH RESPECT TO DAILY HABIT FREQUENCIES 41
o =g Case Coatrol - 5% Cl ’ 7 Giotr
(a) Males TABI
Pan-tobacco chewing I
Never 122 360 1.00 — NS NS B
<5p.d’ 23 61 096 - 056, 1.64 (a)?
5 9pd 33 80 1.03 0.64, 1.64 Pan-
10+ p.d. 11 40 0.64 0.31,1.31
Bidi smoking Bidi
Never 88 402 1.00 — p < 0001 p < 0001
<10pd. 45 65 284 E’ 80, 4. -
11-20 p-d. 45 55 348 2.18,5.54 &
21+ p.d. 24 20 522 (2.72,10.00) i
Cigarette smoking pey
No 198 499 1.00 - NS - .
Yes 9 46 0.56 (0.26,1.19) Alcc
Bidi and cigarette smoking
Never a8 157 459 1.00 - p < 0.005 p <0001 Soul
< lg(!).d_ 10 33 0.90 0.42,1.50
11-20 p.d. 16 24 202 1.02,3.98 (b) 1
214 p.d. 24 30 263 1.46.4.73 Pan.
Alcohol drinking
No 109 438 1.00 = p < 0001 — e
Yes 61 7 347 (2.29,5.27) iy
Snuff inhalation of bid
No 192 532 1.00 — NS — ord
Yes 7 ? 239 (0.81,7.04) m“;g
(b) Females facioy
Pan-tobacco chewing
Never 30 168 1.00 - NS NS
<5 p.d. B 92 050 0.21, 1.16
59 pd. 14 63 120 0.59, 2.45% One
10+ p.d. 3 2 0.70 0.19, 2.56 irong
= s,

‘\Global test for a difference in risk among the categories.-*Test for a linear rend in nisk-'p.d. = per day.




: RISK FACTORS FOR CANCER OF THE OESOPHAGUS 487
with bigj TABLE Il - FREQUENCIES, RELATIVE RISKS AND RESULTS OF SIGNIFICANCE TESTS WITH RESPECT TO DAILY HABIT DURATIONS (IN YEARS) ™
umbers of ¥ 5 :
Aal lifetime = Duration Case Contral R':i:i"' 9% C1 I3 P
fictive t = —
1 hag 5 (a) Males .
¥ -Hm Chcw']ns —
The relative P“;}em 12 360 1.00 — p 0.005 NS
irinking. are <10 8 13 1.83 0.72, 4.63
that these 11-20 8 54 0.42 0.19, 0.91
. The signif. 21-30 10 49 051 0.25, 1.
R 3140 19 40 1.15 0.63, 2.1 —
: a1+ 2 25 202 1.03,3.94
cant, though pidi ) 2
a significany I‘; smoking -
T | ever 88 402 1.00 .- p <0001 < 0.001
b high risk <2 7 » 1.62 (0.65, 4.02 i
compared tg 204 107 118 3.75 {2.61,5.36 —
alysis only of Cigarette smoking
was excluded Never p 198 499 1.00 — NS NS
relative risks <20 2 i 18 045 {o_m, 205
126), bidi ang 21+ 7 28 0.60 025, 1.42
i i N e A 57 459 1.00 0.05 7
t Never 1 : 5 P <u < 0.01
- Late age a <20 9 23 1.60 0.69, 3.67 . £
sociated with a1 64 1.84 o
the effect of st : .18,
Alcohol drinking
) . Never 109 438 1.00 - P < 0.001 p <0001 ™
IC ICETession, =20 11 24 228 1.05, 4.91
ration of bidi 204 50 47 3.99 250,635
oking, alcohol (b) Females
wing Relutie Pan-tobacco chewing =
y for age and Never 30 168 1.00 — NS , NS
: estimates in <10 5 48 0.57 0.20, 1.58
exact numbers 11-20 5 49 0.55 0.19, 1.54
21-30 6 48 0.68 0.26, 1.76
31-40 5 19 1.41 046,432 -
UENCIES 41+ 4 13 217 0.58, 8.12
. 'Global test for trend.—*Test for linear trend in risk,
i -
TABLE IV - FREQUENCIES, RELATIVE RISKS AND RESULTS OF SIGNIFICANCE TESTS WITH RESPECT TO OCCASIONAL INDULGENCE IN HABITS
Factor Category Cases Coatrols __RR 95% CL P . |
NS (2) Males
Pan-tobacco Never 122 360 1.00 — P < 0001
Occasional 18 5 10.18 (3.60,28.74) s
Bidi Never 88 402 1.00 —_ P <00
p < 0.001 Occasional 5 4 7.48 (1.74,32.02)
Cigarette! Never 198 499 — NS
Occasional 0 1 - —
Bidi and Never 157 459 - - - f
cigarette? Occasional 0 0 — —
= Alcohol Never 109 438 1.00 s P < 0.001
Occasional 37 37 4.01 (236, 6.79)
0.001 Snuff Never 192 532 1.00 — p < 0.05 —
R Occasional 8 7 3.59 (1.20, 10.67)
(b) Female
Pan-tobacco Never 30 168 1.00 - p < 0.05
Occasional 5 4 582 (1.42,23.77) R =
- 'Estimation impossible due to sparse data. Not significant by Fisher’s exact test -*No estimation or testing possible.
of bidis smoked and pan-iobacco quids chewed per day, in (o confer a lower risk than never chewing. The absence of
- Order 10 account for the confounding mentioned above. No  effect may be due to the predominant habit in this region of
:‘E’"ﬁcam hetcrogencity by age was observed for any risk spitting out the quid and its extracts with saliva rathe, than ™
ictor, swallowing it, thus preventing carcinogens from coming into
. contact with the oesophageal epithelium. The unexpectedly
NS DISCUSSION low risks observed in some categories of duration of pan-
) tobacco chewing are partly caused by confounding with bidi
One surpnsing result of this study was the absence of a smoking. No increase in risk was found for the only possible
"} Suong effecy of -tobacco chewing. Indeed, in males, dura-  risk habjt pan-tobacco chewing) examined in women. A stud
tiog pan E ; : 5 0] ; Y
S of between 11 and 30 years of the chewing habit seemed  of the dietary and nutritional factors might identify the risk
—
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TABLE V- RELATIVE RISK ESTIMATES AMONG MALES AND RESULTS OF SIGNTFICANCE TESTS FOR THE FOUR FACTORS RESULTING FRONM

FORWARD STEPWISE LOGISTIC REGRESSION
< Factor Category RR' 9% C.1. |
- av - - ___-_‘___-vpl-_"‘-—-.
Bidi duration Never 1.00 — P <000
é’wm 2.10 0.75, 5.87 W1
+ yrs 4.70 79, 7.39}
Bidi and cigarette Never 1.00 —
daily frequency =10pd 1.85 0.80,4 29 P <000
i1-20 p.d. 385 §1.b7,sss
21+ p.d 480 234,983
Alcohol No 1.00 — <0
3 Yes 233 (1.52, 3.55) B'son
Pan-tobacco Never 1.00 -— P <0gs
duration lvl%ﬁ 218 0.71,6.70 3
11-20 yrs 0.48 0.19, 121
21-30yrs 0.51 0.20, 1.
31-40 yrs 1.02 0.44, 238
i A1+ yrs 223 i 0.82, 5. i

'All estimates and tests adjusted for the effects of the other 3 factors.

factors in women. A case-control study on diet and ocsoph-
ageal cancer is progressing at the moment in our Centre.
Although those who chew are more likely to smoke than
non-chewers, their consumption of bidis per day was lower. In
male smokers who do not chew, the average number of bidis
smoked per day was 19, whereas in thosc smokers who also
chewed the average was 12, This was also observed for bidi and
cigarette smoking.

Tobaceo smoking in the form of bidi smoking and bidi plus
cigarette smoking have emerged as independent risk factors
for cancer of the oesophagus. This is in agreement with the
results of previous studies in India. Jussawalla and Deshpande
(1971) reported a relative risk of 2.9 with bidi smoking. Using
the data of Jussawalla and Deshpande (1971), Jayant et al
(1977) calculated an “actiologic fraction” (attributable risk) of
549 for smoking. Notani (1988) reported relative risks of the
order of 4 and 4.7 when compared with hospital and popula-
tion controls, respectively.

As cxpected, alcohol has emerged as an independent risk
factor for this disease. Only 2 studies from India have assessed
alcohol as a risk factor in this diseasc. Jussawalla and Desh-
pande (1971) reported relative risks of 12 and 18 for men who
drank alcohol as weli as chewing tobacco and for those who
drank and smoked, respectively, compared to men who neither
drank alcohol, chewed tobacco nor smoked. Notani (1988),
using multi-variate regression analysis, reported relative risks
varymng from 1.5 to 2.7 with alcohol and observed no associa-
tion between alcohol consumption and cancer in those over 60
years old. Many studies from Western countries have also
identified alcohol as a major risk factor. Alcoholic beverages
consumed by members of low socio-cconomic groups in many

parts of India are qualitatively different from those consumeq
in Western countries, prepared with greatly varying local
ingenuity and with diverse ingredients, albeit with an ethang
content varying only from 40% to 50%.

There was no significant heterogeneity of the cflect of
smoking between drinkers and non-drinkers. The irplicatio
of this is that the relative risk for both habits can be obtained
by multiplication of the relative risks in Table V. Thus, for
example, the relative risk associated with drinking and the
Highest category of bidi and cigarette smoking is 2.33 x 4.80 =
11.18. This high combined relalive misk is consistent with
previous results.

Regarding the reliability of the data, the prevalence of
habits in our controls was comparable to that found in other
Indian studies (Sankaranarayanan ef al, 1989). We would,
however, expect some misclassification in both cases aod
controls, particularly for alcohol use. It is therefore likely that
true relative risks are higher than those observed. Further, the
high risks associated with occasional habit usc suggest that
there has been some underestimation of habits.
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Oesophageal Carcinoma - A Study of Risk Factors
(Emphasis on Nutrition) in a Teaching Hospital of
Kumaon Region of Uttarakhand

Su bhash C Joshi’,Sandeep R Saxena’, VN Satyawali’, Arun Joshi”, Pranesh Nigam™,
VK Singh™™, SP Rai™"

Abfstract ! : i i

Background: Cancer oesophagus is common in India and is the third leading cause of cancer death in males and
fourth in females. Various factors are responsible for it and present study was undertaken to study the various
risk factors with stress on nutritional factors associated with it.
Methods: Ninety-four cases of oesophagus
constituted the study. They were assési’»@ﬁf
help of standard food frequency-questio
and tobacco chewing with or without betel s taken in detail. b

Results: Seven hundred and eighty upper Gl en 'cbpy-révealed 94 (12.05%) cases of oesophageal carcinoma.
Histopathology revealed squamous cell‘carcinoma in:87 cases (92.50%), adenocarcinoma in 6 cases (6.30%) and
one with mixed picture of adenocarcinoma and squamous cell carcinoma. Sixth (36.17%) and 7™ (23.40%) decade
of persons were mainly affected with male to female ratio of 2.1: 1. They were mostly of lower socio-economic
(82.90%) status. Various risk factors came across were less consumption of green and leafy vegetables and fruits
and consuming more spicy fried and: hot food and beverages. Increased risk was seen more often with consumption
of alcohal {neat and without or:less salad and snacks), smoking beedi and cigarette, and tobacco chewing with
or without betel leaf. It is directly related to-amount, frequency, mode and duration of use.

Conclusions: Malignanc'i'.e_s._in general are result of multiple factors and interaction of several environmental
factors. One factor cannot be blamed but combination of factors increases the risk of oesophageal carcinoma.
Nutritional factor is also one of the major contributing factor increasing the risk of oesophagus cancer.

h’éef-i=and'matched equal humbér of healthy individuals (control)
or their dietary pattern during the preceding 10-15 years with the
e'rqgthgiﬁ;_']nformation regarding consumption of alcohol, smoking

introduction risk factors (nutritional) associated with oesophageal carcinoma
) ) . - in the Kumaon region of Uttarakhand, India.
C ancer of the gastro-intestinal tract is a major health problem
throughout the world. In India, the gastrointestinal cancers Material and Methods

constitute between 15 to 25% of all cancer burdens and is more
commonly seen in Karnataka, Tamil Nadu, Kerala and also
reported from Assam and Kashmir.' Oesophageal cancer is the
third leading cause of cancer death in male and fourth in females
and the incidence is low in rural India.? The importance of diet

The present study was based on 780 cases, on whom the upper
gastro-intestinal endoscopy was performed, from January 2005 to
December 2006 for various indications at the Gastro-enterology
Unit of Dr. Sushila Tiwari Memorial Forest Hospital, Haldwani.

and nutrition in the etiology of many malignancies has gained Amongst these 780 patients, 94 (12.05%) of them were of
a wide acceptance. The nutrition in oesophageal cancer etiology oesophageal carcinoma who constituted the present study and
has also been stressed. Main stress has been laid as lack of fresh have fulfilled the following criteria.'**

green vegetables and less intake of vitamin-A, C and riboflavin? . Endoscopic appearance typical to oesophageal carcinoma.

Fungal infections and consumption of very hot beverages has

also been suggested as risk factors in China, Singapore and Iran.** - Histopathological proved cases of oesophageal carcinoma.

- Not undergone any treatment i.e. chemotherapy or

The incidence of oesophageal cancer in India is in increasing ;
radiotherapy.

tendency but very limited data is available, especially on the
association of nutritional factors with oesophageal carcinoma, - Ingood mental health to reply the questionnaire.

The present study was undertaken with the objective to study the - Not suffered from any major chronic illness in the past
before the diagnosis so as to assure the actual pattern of
diet without any modification

*Assistant Professor of Medicine, “Associate Professor of Medicine,
~professor and Head, Department of Medicine, ~“Assistant Professor The control group constituted of healthy individuals who
of statistic, Community Medicine, """Professor of Surgery, Dr. were accompanying the patients and other individuals attending
Sushila Tiwari Memorial Forest Hospital and Uttarakhand Forest e Higsoital Wil RatieRIE, Contib) yisch with
Hospital Trust Medical College, Haldwani-263139 (District Nainital), p ¥ panents. Lonlio: group were matcheo wit
age, sex and socio-economic status etc,, and had not suffered

Uttarakhand ; :
Received: 22.04.2008; Revised: 18.07.2008; Re-revised: 07.05.2009; from any major illness in the past.

Accepted: 08.05.2009
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-—
These patients and control individuals were subjected to 2. Nutritional or Dietary History
thorough clinical éxamination and relevant inve_-stigationsA Type of diet and its constituents consumed during the lasf™
All of. then? were subjected to.pre.‘tested and semi-structured 10-15 years prior to diagnosis of oesophageal carcinoma
questionnaire so as to get following information. (food frequency questionnaire method) was enquired in
1. Socio-economic profile detail” Commonly consumed food items were categorized
. - —
Information was collected regarding occupation, education, in c_ertanr! group: .9, cereals, pulses, legumes, vegetables,
income, religion and place of residence (Kuppuswamy’s fruits, milk and. its products and non-vegetarian items.
classification) 7 Frequency and intake amount was assessed e.qg., days per

week, once fortnight and month etc. They were asked about _
the hotness (temperature) of beverages and food items

Table 1 : Socio-demographic pattern - consumed and stress has been laid on amount, frequency,
Oesophageal Control temperature, spicy and fried nature of intake items.
carcinoma (n = 94) (n=94) 3. Intoxicant Consumption History -
. No. % No. % They were asked about consumption of alcohol regarding
Age (in years) ! (amount per day, type, frequency and whether with water,
= 31-40 18 19.14 18 19.14 salad and snacks etc.) similarly they have been also asked
o :'l::g 13’:‘ ;; f;’ ;; 3‘:-?: for smoking beedi, cigarette and chewing of tobacco in its ™
© " 4 .
Above 60 22 23.40 27 28.60 different forms.
Minimum age 34 32 The collected data were subjected to conventional statistical
::a"mls‘g‘ge 54;:95 52;?3 analysis. Chi-square test was employed for comparison ™
— e between case and the control group. The test was performed
Sex at 95% confidence limits. P<0.05 and P<0.01 considered to
= Males 64 68.08 64 68.08 be significant.
= Females 30 EL )] 30 319 -
Male: Female ratio 2.1 2.1
Socio-economic status Resu ItS
Upper class 06 06.38 06 06.38 Majority of the patients were from 6 (36.17%) and 7
Upper middle class 10 10.63 08 08.51 (23.40%) decade of life (Table 1) with age varied from 34 10 ™
Lower middle class 42 44.68 3] 43.61 72 years (mean = 54.67+9.6 years) and male to female ratio of
Lower class 36 3829 39 4148 2.1: 1. During the period of 2 years, 780 upper gastrointestinal
Educational status endoscopies were performed and 94 of them (12.10%) came
Illiterate 32 3404 36 3829 out to be suffering from oesophageal carcinoma. The specimen
Upto junior high school 42 44.68 41 4361 taken on histopathology revealed squamous cell carcinoma in
Upto intermediate 17 18.08 15 1595 87 cases (92.50%), adenocarcinoma in six cases (6.30%) and one
Graduate 03 03.19 02 02.12
—
Table 2 : Dietary status (relative risk factors)
Oeso-carcinoma (n = 94) Control (n = 94) C195%
iet wi of intak § rati o
Type of diet with frequency of intake = - = = Odds ratio n Y p'value -
Vegetarian Diet
1. Underground & ground vegetable
= Daily to 4/ week 36 38.29 55 58.51 1.000 - - s
= 3/ week to 1/week 48 51.06 36 3829 0.655 0.466 1.486 ~
= Occasional or nil 10 1063 03 03.19 0.262 0.145 2.149
2. Green leafy vegetable
= Daily to 4/ week 22 23.40 44 46.80 1.000 - - i
= 3/ week to 1/ week 54 57.44 41 4361 0.552 0.420 1.422 ™
= Occasional or nil 18 19.20 09 0957 0364 0.257 1.618
3. Fruits
< Daily to 4/ week 04 425 5 46.80 1.000 - -
= 3/ week to 1/ week 22 23.40 22 4361 0.800 0.215 3.837
=» Occasional or nil 68 7234 67 09.57 0.788 0.232 3.505
4. Milk & Milk products
= Daily to 4/ week 50 53.19 46 48.93 1.000 - -
<> 3/ week to 1/ week 28 29.78 36 3829 1398 0.726 1.841
= Occasional or nil 16 17.02 12 12.78 0815 0518 1.617
Non- Vegetarian
1 Meat, chicken Fish etc.
=2 Daily to 4/ week 23 2446 02 0212 1.000 . - -
= 3/ week to 1/ week 45 4787 14 14.89 0.467 0.109 4.740
= Occasional or nil 26 27.65 78 82.97 4.500 0.304 12.142
* = p<0.05;** = p<0.01
el : e e———— s
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Table 3 : Nature of edible articles consumed (relative risk factors)

R Qeso-carcinoma (n = 94) Control (n = 94) P C195% P vlie
No. % No. % L uL
Spicy food/snacks etc.
=> Mild or almost nil 20 21.27 42 44 68 1.000 - - =
= Moderate spicy 44 46.80 38 4042 0.905 0522 1.755
= Too spicy 30 31.91 14 14.89 0.489 0.342 1571
fried food
=> Almost nil 19 2021 50 53.19 1.000 - * L]
= Yes - 75 5 79.78 44 46.80 0.571 0.481 1.28Q -
Temperature
> Tea or Coffee
- Warm 20 21.27 52 5531 1.000 - & e
- Hot ; 50 53.19 28 29.78 0.258 0.285 1.085‘ [
- Too Hot 24 | 2553 14 14.89 0.269 0.250 1.281
=» Snacks and/or meals
- Room temperature 10 10.63 66 70.96 1.000 - - =
-Warm 38 40.42 16 17.02 0.263 0.210 1.496
- Hot 46 4393 12 12.76 0.163 0.165 1.254

* = p<005;** = p<001

patient of mixed picture of squamous and adenocarcinoma. It
was mostly seen in lower middle (44.68%) and lower (38.29%)
class of persons who were educated upto junior high school
level (44.68%). Nearly 67 cases (71.30%) were unskilled or semi-
skilled working class.
Dietary Habits

The staple diet in this region is rice (patients 46.80%, control
38.30%) and wheat (cases 34.10%, controls 43.70%), but at times
they used to take mixed diet. There was significant difference
between patients and controls regarding intake of vegetables
(Table 2). They were mostly taking underground or ground level
growing vegetable three times a week or occasionally (41.48%
control, 61.69% cases) and leafy vegetables {53.18% control and
76.60% cases). The insignificant difference was seen in the use
of dairy products and fruits (68 cases or 72.20%). Significantly,
more patients were taking non-vegetarian preparations from
daily (24.46%) to three times a week or once a week (47.87%),
which was spicy in nature,

Significant role of the nature of diet has been observed in
the present series of cases (Table 3). Most of the patients were
taking either too spicy (31.91%) or moderately spicy (46.80%)
meals and majority of them were fond of taking hot (53.19%)
to very hot (25.53%) tea, coffee and meals (warm 40.42%, hot
or too hot 48.93%).

Table 4 reveals the significantly more consumption of
intoxicants by oesophageal cancer patients. They were
consuming more alcohol (patients 74.50% control 48.90%) and
32 of them were chronic alcoholic i.e, all the 24 hours they were
under the effect alcohol intoxication. Quite a good number of
them were consuming neat alcohol (37.14%) or alcohol with
little amount of water and salad etc. (34.30%) and amount was
more than 200 mi per day {55.26%). During alcohol intake or
otherwise, they were smoking beedi, more than one bundle per
day (34.00%) or cigarettes, more than one packet per day (21.30%)
(Table 4) or both depending on availability (9.60%). Tobacco
chewing was present in 54 cases (57.50%) either alone (34.00%)
or with betel leaf (23.36%).

As evident from Table 4 the prevalence of combination of
various risk factors i.e, alcohol, smoking, tobacco chewing,
spicy and hot food, snacks, beverages played a significant role.

€ JAPI SEPTEMBER 2006 VOL 57

In all these combinations alcohol, smoking and tobacco chewing
played a significant role and alcohol intake (70 cases or 74.4%)
was on top. This was followed by temperature of the beverages,
food and snacks and their spicy nature (74 cases or 78.78%).

Discussion

In India malignancy of gastro-intestinal tract is more common
specially in Kerala, Tamil Nadu, Karnataka followed by Assam
and Kashmir, but no actual prevalence data is available.' Few
studies reported the occurrence rate between 15 to 25% of all
cancer burden and Coimbatore Government Hospital, Tamil
Nadu had the registration rate of 8-12 cases of oesophageal
carcinoma every month. In our hospital based study on upper
gastro-intestinal endoscopy we detected 94 cases of oesophageal
carcinoma out of 780 upper gastro-intestinal endoscopies giving
the incidence of 12.05%. As reported in literature," > #'° we too
detected squamous cell carcinoma in 92.50% of cases. Maximum
number of cases were seen in 6™ decade of life with male to
female ratio from 2:1 to 3.5:1°*" and same was observed in our
present study (6™ decade of life- 36.17%, mean age = 54.60 + 9.60
years) with male to female ratio of 2.1:1.

Cancer in general, is multifactorial in origin and several
environmental interactions are possible. It is not easy to
quantify the contribution of diet to cancer risk. Mumbai study'
revealed the 2.62 times higher risk when vegetables specially
leafy vegetables were less commonly consumed or almost nil.
A diet rich in green leafy vegetables and fruits was found to
be less often associated with oesophageal carcinoma ®>'0'%'¢
Various nutritional factors have been implicated in causation
of oesophageal carcinoma. In the present study, most of the
patients (61.90%) were consuming less green and/or leafy
vegetables and fruits. It is just because of lack of knowiedge
and poverty. The potentiality of anticancerous property of
green and leafy vegetables is due to carotenoids, vitamin-C and
E, selenium, folic acid, dietary fibres, alium compounds, plant
sterols, indols, flavinoids etc. These agents have complementary
as well as overlapping mechanism of action, detoxification action
of enzymes, inhibition of nitrosamines formation and helping
the binding of carcinogens in the gastro-intestinal tract and anti-
oxidant effects.®'*'*'* It is said that these compounds has also
immunologic properties which may influence carcinogenesis,'"®
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Table 4 : Relative risk factors in relation to intoxicants consumed

Oeso-carcinoma Control C195%
Type of diet with frequency of intake (n=954) (n=94) Odd ratio ‘p'value
No. % No. % L uL
A. Alcohol
1. Amount per day
= Occasional or nil 24 2553 48 51.06 1.000 - .
= Upto 200 ml/day 18 19.14 36 3829 1.000 0.449 2.226
= 200-500 mi/day 27 28.72 10 1063 0.185 0.192 1.206 i
~ = >500 mi/day 25 2654 - - 0.010 0.008 2354 Lo ]
2. Frequency -
= Occasional or almost nil 24 2553 a8 51.06 1.000 - -
= Intermittent 2-4/week 38 40.42 36 3829 0666 0.426 1650 .
= Chronic drinker (almost every day) 32 3404 10 1063 0.220 o7z 1.235 e
! 3. Mode of drinking ! p
= Mixed with water or soda and with snacks etc. 20 2857 04 8.69 1.000 - - *
= Mixed with water & salad 24 3428 12 26.08 1.625 0.431 3538
= Neat 20 2857 30 6521 0.500 0.198 2.764 b
B. Smoking
1. No smoking 15 15.90 29 308 1.000 - - .
2. Beedi smoking per day
= Mild i.e, upto 1 bundle 10 10.60 16 17.10 0.768 0313 2543
= Moderate 1-3 bundles 20 2120 15 15.40 0360 0.246 1676 .
> Heavy more than 3 bundles 12 12.80 07 07.50 D.280 D.181 1.833 e
Total 42 4460 38 405
3. Gigarette smoking per day
= Mild i.e, upto 1 packet 08 08.50 10 10.70 0.600 0.252 2547
< Moderate 1-3 packets 1 11.70 05 05.40 0218 0.146 1823 .
= Heavy more than 3 packets 09 09.60 04 04.20 0.213 0131 2.000 »
Total 28 29.80 19 2030
4. Both depending on availability
© Moderate 04 0420 0s 05.40 0.600 0.182 3533
= Heavy 05 05.40 03 03.10 0.288 0.119 2851
Total 09 09.60 08 0850
C. Tobacco chewing
1. Alone
> Occasional 10 10.60 05 0530 0.385 0.209 2.085
= Daily 22 2340 02 02.20 0.070 0.070 1.419 e
2. With betel leaf
= Occasional o7 07.40 20 2120 2.198 0.542 3.656
= Daily 15 1596 15 15.90 0.769 0.391 2.038
Total 54 5750 42 44.70

* = p<0.05; ** = p<0.01

Kashmir studies'®'” attributed to contamination of raw food-
stuffs with N-nitroso compounds along with use of spicy hot
food items and salted tea. Low socio-economic status and
consumption of very hot beverages, smoked fish, fried and
pickled vegetables and red chilli have been associated with
oesophageal carcinoma.'® Table 1 and 3 of present study reveals
the same thing which has contributed to the cancer oesophagus.
Chitra et al "* stressed more on the use of chilli and pickles in food.

Intoxicant consumption specially alcohol in its various
forms is a well established factor in the genesis of oesophaqgus
cancer.>'® Alcohol and alcoholic beverages possess some
carcinogenic chemicals and contaminants which are known to
produce carcinogenic effect and few of them need to mention
are N-nitroso compounds, mycotoxins, urethane, tannins and
pesticide residues.>'*'*# |t is the quality, quantity, concentration
and duration of consumption, which matters in causation of
oesophageal carcinoma. In present 94 cases, 74.50% of them were
consuming alcohol and 34.04% of them were chronic alcoholic
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who were all the 24 hours under alcoholic effect and consuming
it for more than 3 years (mean duration = 42+1.5 years). Twenty
six of them were taking neat alcohol and that too mostly without
snacks etc. It seems that alcohol in these cases is one of the main
risk factor. This observation is also supported by Notani and
Jayanti from India and others >'211.13

This series of cases revealed the significant role of beedi
and/or cigarette smoking in oesophageal carcinoma. Amount,
frequency and duration of smoking has direct relationship with
oesophageal carcinoma even though its role in bronchogenic
carcinoma is well established. During alcohol intake especially
when it is taken along with other persons they used to smoke
more. Seventy nine (84.00%) cases were smoking beedi (44.60%)
and/or cigarette (29.80%) for more than 3 years and some of
them (27.80%) were chain smokers. It has been observed that
smoking, mainly cigarettes, increases the risk of oesophageal
carcinoma by 1.95 times in India and developed countries " |n
India and especially in the Kumaon region of Uttarakhand, the
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practice of beedi smoking is comparatively more prevalent than
cigarette smoking as they are mostly of lower socio-economic
group (82.90%) and this seems to increase the risk of oesophageal
carcinoma.

Tobacco chewing with or without betel- leaf has been reported
to be an important risk factor in oesophageal carcinoma in
Karnataka,'® Assam?' and other parts of India*** and reported
55 to 2.8-fold increase in cancer risk amongst tobacco chewing
and smokers which is directly related to amount, frequency and
duration of use. We too observed the same as it is clear from
Table 4 and identified the chewing of tobacco with or without
betel leaf as one of the contributing factor in causation of cancer
oesophagus.

Malignancies in general and that too of the gastro-intestinal
tract are said to be multifactor#l in origin apd interaction of
several environmental factors. The present study revealed the
same i.e., an association of cancer oesophagus with alcohol,
smoking, tobacco chewing with or without betel leaf and
lack of protective food i.e. green and leafy vegetables, fruits
and whole grains. It can be said that food which is lacking in
green vegetables, leafy vegetables, fruits and ingestion of fried,
spicy and hot food and beverages, played an important role in
increasing the risk of oesophageal carcinoma. It can be said that
lack of protective food (green and leafy vegetables, fruits etc)
has also played a possible contributory factor in the aetiology
of oesophageal carcinoma.
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Abstract

The incidence of stomach cancer in India is lower than
that of any other country around the world. However, in
Mizoram, one of the north-eastern stjte of Indiag a very
high age-adjusted incidence of stomach cancer is recorded.
A hospital-based case-control study was carried out to
identify the influence of tobacco use on the risk of
developing stomach cancer in Mizoram. Among the cases,
the risk of stomach cancer was significantly elevated
among current smokers [odds ratio (OR), 23; 95% confi-
dence interval (95% CI), 1.4-8.4] but not among ex-smokers.
Higher risks were seen for meiziol (a local cigarette)
smokers (OR, 2.2; 95% CI, 1.3-93). The increased risk was
apparent among subjects who had smoked for =30 years.

The increased risk was significant with 2-fold increase in
risk among the subjects who smoked for =11 pack-years.
The risk increased with increasing cumulative dose of
tobacco smoked (mg). Tuibur (tobacco smoke-infused
water), used mainly in Mizoram, was seemed to increased
the risk of stomach cancer among current users in both
univariate and multivariate models (OR, 2.1; 95% CI, 1.3-
3.1). Tobacco chewer alone (OR, 2.6; 95% CI, 1.1-4.2)
showed significant risk. Tobacco use in any form [smoking
and smokeless (tuibur and chewing)] increased the risk of
stomach cancer in Mizoram independently after adjusting
for confounding variables. (Cancer Epidemiol Biomarkers
Prev 2005;14(8):1892-6)

Introduction

Stomach cancer is one of the most common cancers in the
world with an estimated 876,000 new cases reported in 2000
(1). Stomach cancer is highest among male in the po ulation
of Changle in China (age-adjusted rate = 145.0 per 107, ref. 2).
Among females, it is highest in the population of Yamagata
in Japan (age-adjusted rate = 389 per 10°; ref. 2). However,
the rates of stomach cancer in India are lower in comparison
with other countries around the world (3). In India, earlier
studies showed relatively higher incidence of stomach cancer
among males in Chennai during 1997 to 1998 (age-adjusted
rate = 13.2 per 10°) and among women it is next to cancer of
the breast (age-adjusted rate = 7.0 per 10°; ref. 4). However,
recent studies in Mizoram, showed very high incidence of
stomach cancer (5).

Mizoram is situated between 92.15' t093.29 Elongitude and
2158 to 24.35 N latitude and virtually land locked and
situated between Myanmar in the east and Bangladesh in the
west. The Mizo people have their ancestral origin in China (6).
Tobacco smoking rate in Mizoram is very high among adults
(7). A peculiar habit of using “tuibur” (tobacco smoke - infused
water) has also been observed in Mizoram. The habit of chewing
betel quid, containing fresh betel nut, slaked lime wrapped in
betel leaf is also widespread in Mizoram. Tobacco is often used.
Dried tobacco mixed with lime processed with tips of thumb on
the palm of other hand into a powder that is place near the gum
known locally as “Khaini" also chewed in Mizoram.

Tobacco use in the form of smoking is highly associated
with stomach cancer. The people of Mizoram are culturally
and ethnically distinct from the other tribes and communities
of India. Due to their peculiar smoking habits and use of

Received 1/27/05. revised 5/30/05: accepted 6/6/05

Kegquests for reprints. Jagadish Mahanta, Regional Medical Research Centre, N E Region
(ICMR), PO Box 105, Dibrugarh 786 001, Assam, India. Fhone: 91-373-23814%, Fax: 91-373-
2381748 E-mail. wcmrred @hub micin

Copyright € 2005 American Assocation for Cancer Research

dor 10 1155/1055 9965 EF1-05-007+

other tobacco products and high prevalence of stomach
cancer in Mizoram, a matched case-control study was carried
out at the Aizawl Civil Hospital, Aizawl to investigate
influence of tobacco use on cancer stomach.

Tuibur. A number of smoking and smokeless tobacco
products are in use all over the world. But unlike other
smokeless tobacco products, a unique tobacco smoke ~infused
water is used in Mizoram and is locally known as tuibur. This
product is made locally by passing smoke, generated by
burning tobacco, through water until the preparation turns
cognac in color and has a pungent smell. In vitro studies using
the allium root test show the toxic nature of tuibur (8)
Indigenous crude devices are used for the production of fuibur
on small scale. Users take about 5 to 10 mL tuibur orally and
keep it in the mouth for some time and then spit it out. Most of
the users take it several times a day.

Meiziol. It is a local cigarette made from vaihlo (Nicotuna
dadacum) tobacco. After plucking, the tobacco leaves are
thrashed by feet until the leaves become soft and most of the
juices flow out. Then they are dried in the sun or sometimes
in a warm place like over the fireplace without applying
direct heat. Then they are cut into small pieces and rolled
directly using a thin paper. The tobacco content of each meiziol
is about 0.8 to 1 g. The length of each meiziol is 6 to 7 cm.

Materials and Methods

This study was a hospital-based matched case-control study
carried out at Aizawl Civil Hospital situated at Aizawl,
Mizoram. This hospital serves as a tertiary health care facility
and is the only hospital having facility to treat cancer in the state
with a population of 891,058 (2001 census). The study was
conducted from August 2001 to August 2004 during which 372
new cases (all Mizos) of the stomach cancer were registered
This represented 35.1% of all cancer cases registered in this
hospital during the study period (1 = 1,060).
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The inclusion criteria of cases were: adenocarcinoma of which 75.99 (n = 250) were diffuse type.
) ) Antrum and pylorus were the major sites of cancer.
1. Newly diagnosed stomach cancer cases confirmed by The age and sex profile of the cases and controls is shown ™
hlStO_anlD]Ogj{, in Table 1. The mean age of the cases and controls was 56.8
2. Mizo ethnicity, and and 571 years, respectively. There were no statistically
3. Cases diagnosed between August 2001 to August 2004. significant differences between the age of the cases and

The exclusion criteria of cases were:

cancer were in the age group of 45 to 64 years at the time of

- Patients with advanced disease (n = 19), where the tumor diagnosis of stomach cancer. Level of education, income

had spread so as to obscure the primary site,

2. Patients with recurrent cancer (y 13), groups, and occupation, which were not matching factors n =
3. Patients too old to be intervieh{ed c]agorate]y (1 = 8), and the study, were also included in all models to control for their
4~ Patients who refused to be interviewed (n = 3). confoundmg effect. -

ORs were calculated using non-smokers as reference group
A total of 329 patients were finally included (253 menand 76 to see the association with smoking (Table 2). The ORs of -
women) with male-to-female ratio of 331 Controls were current smokers (OR, 2.3; 95% Ci, 1.4-84) was found to be
selected from hospital patients suffering from non-malignant statistically significant comppred with ex-smokers. Although
digease admitted ywith either injury, minor eye ailments, or the 50% rf‘du-‘-"_“f’“ in risk had beeﬂ observeé! aftF-r controlling
infections of any other type or with osteomuscular diseases. the other habits and co-factors in the: m'ulh_vanz-_lte model, a __
The controls were matched for age (15 years), sex, and significant risk had been observed, indicating independent
ethnicity. For each case, two controls were selected (n = 665). rcfiect_ on the deve}npment of stomach cancer. Statistically
All the confirmed stomach cancer cases were directed to the  significant higher risks were seen for smokers of combined
social investigator(s) of the project for interview and simulta-  users of tobacco (cgarette_and meiziol) with OR, 3.1 (95% CL

neously information was also collected from the controls. 2.0-11.1) but among the single type of tobacco users, higher ™
Trained social investigators were employed for interviewing  risks were seen fpr meiziol 5{110]({??5: a local Cigarette (QR, 22
both cases and controls at hospitals used a pretested question-  95% C1, 1.3-9.3) in the multivariate model in comparison to
naire. The main items included in the questionnaire were age, clgarette smokers. Overall, the excess risk was limited to -

sex, ethnicity, present and past occupation, income, family ~ smokers of_)l[] meiziol per day. Risk alsq tended to increase
history, and details of habits about tobacco use. with duration and with pack-years, with an OR of 3
Subjects who reported that they were regularly smoking/ among smokers of =30 years and those who smoked >20
using tuibur/chewing during the index year were defined as  pack-years. Increasing risk was also observed with the
current users, those who reported that they had stopped regular amount of tobacco {mg) smoked increases. Risk tended to =
using any habits the year before the index year or before were dEdH}“ with years Since  quitting and With age started
defined as ex-smokers /ex-users/ex-chewers, and people who smoking and these linear trend were statistically significant
reported that they never had smoked before o during the index (P < 0.01). _ : =10 5 s :
year were defined as never-smokers or never-users or never- The risk associated with tuibur is mainly seen in Mizoram. =
chewers. The cumulative dose of smoking was expressed as Non-users were kept as the Tﬁ'f‘—‘m“j‘:f Broup to compute the
pack-years. One pack-year was regarded as the equivalentof 20 risk estimates. The OR of current tuibur user was higher than
cigarettes smoked per day for 1 year. The duration from the year former ¢ uibur users. The hkehhoqd ratio test ShOW_ed that the
of the cessation tothe index year was calculated and categorized  Tisk associated with current tuibur USers was significantly
into the following intervals: 1 to 9,10 to 19, and 20 years. different from that seen among former tuibur users and OR

Statistical Analysis. Univariate and multivariate logistic
regression were used to analyze data. Conditional maximum-
likelihood method (9) was used to estimate the variables of Table 1. Age distribution and social characteristics of cases
regression models due to matched design and significance was ~ and controls
taken at P < 0.05 (two tailed). Initially, a univariate analysis

S : iables 5 9
was done. The crude measure of association between single ~ Yariables Ceennin Cantrols, n (%)
putative risk factors and stomach cancer was expressed as Age group (y)

<45

odds ratio (OR) and its 95%, confidence interval (95% CI) was 24 (7.3) 52 (7.8)
calculated from the SE of the regression coefficient. For 4554 97 (29.5) 195 (29.3)
controlling confounding variables and other covariables like 65??: l:,g E};g} 238 (35.8)
alcohol drinking, level of education, occupation, income, etc., 75< 28 (8 5)) Igg g%ﬂ& i
the data were analyzed by conditional multiple logistic Mean + SD 56.8 + 8.4 571 + 89
regressions to evaluate the extent to which risk factors are  Gex
associated independently with stomach cancer in Mizoram. Male 253 (76.9) 512 (77.0)
The categories used for each adjusting variable in the logistic = Female 76 (23.1) 153 (23.0)
regression are frequency per day, age began (years), duration lh:’gﬂ:; Ef;‘;‘a]? 331
(years), cumulative dose, and years since stopped. The Tliterate 165 (50.1) 195 (29.3)
statistical packages used for the analysis were Epi-Info-2002 Up to class XII 122 (37.1) 364 (54:7)
and 5PSS version 12. College level or more 42 (12.8) 106 (15.9)
Ethical Clearance. The study has been cleared by Institu- [”;fgﬁ‘ 48 (14.6) 70 (10.5)
tional Ethical Committee of Regional Medical Research Centre, Middle 123 (37.4) 288 (433)
Dibrugarh. High 158 (48.0) 307 (46.2)
Occupation
Othce worker 65 (19.8) 180 (27.1)
Skilled worker 26 (79
Results Unskilled worker 49 ?14.;) % fg'i))
T e
All the stomach cancer patients (n = 329) were confirmed by (L):I].],::mr ;_'; ggg% _-228(2 f—}{});;

histology. Of the 329 cases, 9579, (n = 315) were having
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Table 2. Tobacco smoking and risk of stomach cancer

Habits Cases Controls Univariate®, OR (95% CI) Multivariate ', adjusted OR (95% CI)

Smoking status
Non-smokers 85 389 1.0 (reference) 1.0 (reference)
Ex-smokers 75 104 3.1 (1.6-113) 1.8 (0.4-7.7)
Current smokers 169 157 46 {27-147) 23 (1484)

Smoking types
Non-smokers 85 389 1.0 (reference) 1.0 (reference)
Cigarette 13 39 1.8 (0.8-72) 1.2 (0.5-14.2)
Meiziol 167 170 40 (1.7-10.4) 22 (1.393)
Ciﬁem + Meiziol 64 50 59 (2.5-12.1) 3.1 (20-11.1)

Smoking frequency/d
Non-smokers 85 389 1.0 (reference) 1.0 (reference)
<5 15 28 23 (07-72) 1.1 (0.6-5.8)
5-10 114 122 3.6 (1.3-104) 1.7 (0.3-8.2)
>10 115 101 49 (27-13.6) 2.8 (139.3)
P trena < 0.0001

Age began (y)
Non-smokers 85 389 1.0 {réfererlce) 1.0 (reference)
<10 41 46 4.1 (1.4-104) 2.1 (0571)
11-20 153 142 2.7 (0.7-8.2) 1.3 (0.1-6.2)
>20 47 68 19 (0.04-9.1) 1.1 (0.01-8.0)
P rena < 0.001

Smoking duration (y)
Non-smokers 85 389 1.0 {reference) 1.0 (reference)
<15 21 45 19 (0.4-13.4) 1.1 (0.03-9.4)
16-30 99 111 4.1 (0.8-12.6) 1.8 (0.8-9.5)
>30 124 105 54 (25-115) 29 (13-11.6)
P rena < 0.001

Pack-years of smoking
Non-smokers 85 389 1.0 (reference) 1.0 (reference)
<5 20 25 2.1(1.1-83) 1.1 (0.02-6.68)
5-10 73 90 3.1 (1.8-104) 1.4 (0.18-6.91)
11-19 60 68 40 (19-13.8) 2.0 (13-10.6)
=20 91 93 45 (2.1-15.5) 2.7 (15-15.4)
Pirend < 0.001

Tobacco smoked (mg)
Non-smokers 85 389 1.0 (reference) 1.0 (reference)
<25,000 53 70 2.7 (0.11-5.19) 1.2 (0.059.53)
25,000-50,000 61 64 3.6 (0.76-9.17) 1.8 (022-8.63)
>50,000 130 142 42 (121-11.5) 2.1 (128-139)
P trend < 0.001

Years since stopped smoking
Non-smokers 85 389 1.0 (reference) 1.0 (reference)
<10 36 36 45 (1.5-174) 23(1.1-14.2)
10-19 27 33 3.2(12-132) 2.1(1.1-129)
=20 12 35 1.7 (054-6.2) 1.1 (05-84)
Pirena < 0.01

*Matched {cases and controls were matched for age and sex) univariate OR estimated by conditional logjstic regression analysis.

1 Adjusted ORs (adjusted for alcohol d

regression analysis using maximum likelihood approach.

rinking, chewing, tuibur, level of education, occupation, and income group) obtained b

y matched conditional multiple logistic

of former tuibur users was not statistically significant in the
multivariate model (OR, 1.3; 95% Cl1, 0.4-2.1). Significant
dose-response effects were observed as the intensity of fubur
use per day and duration in years increases and decreasing
trend was observed for the increase of age of start in the
multivariate model with the statistically significant trend
(P < 0.001) indicating independent effect of the habit. The
risk remains for 1 to 10 years after cessation of the habit,
although the trend test was not statistically significant.
Increased risks were also observed as the use of cumulative
dose to amount of tuibur (ml) increases with significant trend
(P < 0.001; Table 3).

Association of different type of chewing habit with
stomach cancer has been shown in Table 4. In univariate
analysis, both ex-chewers and current chewers had higher
risk (2.0-2.2 times) of stomach cancer compared with non-
chewers. But in multivanate analysis, after controlling for
other habits, statistically non-significant risk was observed
compared with non-chewers. On the other hand, the risk of
stomach cancer significantly higher (OR, 26) even after
adjustment in persons who chewing tobacco (smokeless
tobacco) only. In addition, there appeared an increase in risk

for stomach cancer in late chewers. Increased risks were also
observed among the tobacco chewers as the amount of
tobacco (in mg; OR, 2.6; 95% Cl, 1.2-5.6) increases in a dose-
dependent manner.

The risk among persons who practice different tobacco-
related habits are given in Table 5. The highest risk showed
who practice both meiziol and tuibur (OR, 2.3; 95% CL, 1.8-3.6).
The risk associated with the practice of just one of the habit
showed meiziol users (OR, 2.2; 95% Cl, 1.6-3.1) with a higher
risk than tuibur (OR, 2.0; 95% Cl, 1.5-3.2), betel with tobacco
only (OR, 1.7; 95% Cl, 0.6-2.9), and betel without tobacco only
(OR, 1.3; 95% Cl, 0.4-2.0).

Discussion

Tobacco smoking and use of smokeless tobacco, chewing of
tobacco and tuibur, are common in both the sexes in Mizoram.
We found tobacco smoking to be a significant risk factor. The
excess risk was largely confined to long-term heavy smokers
Relatively high prevalence of tobacco smoking in Mizoram (7)
may have contributed to the high rates of stomach cancer.
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Table 3. Tuibur (tobacco smoke-infused water) and risk of
stomach cancer

Habits Cases Controls Univariate*, Multivariate ',
OR (95% CI) adjusted OR
(&CD
Tuibur status
Non-user 236 557 1.0 (reference) 1.0 (reference)
Former user 37 46 1.9 (1.1-2.8) 1.3 (0.4-2.1)
Current user 56 55 24(1534) 21 (13-3.1)
Frequency/d
Non-user 236 557 1.0 (reference) 1.0 (reference)
<5 17 28 13(044.0) 1.1 (0272)
510 N 48 55 17 (03-74) 13 (04-82)
>10 28 18 33(16-107) 28(1.1-11.7)
Prena < 0.001
Age began (y)
Non-user 236 557 1.0 {reference) 1.0 (reference)
<19 i 23 19 34 (18-165) 27 (13-15.6)
20-29 25 2 22 (06-12.7) 15 (0.6-6.4)
230 45 61 1.7 (0.3-8.6) 1.2 (0.8-73)
Duration (y)
Non-user 236 557 1.0 (reference) 1.0 (reference)
<15 20 26 18 (0648) 14 (0.0579)
16-30 45 50 27 (14-66) 17 (03-8.4)
>30 28 25 36(1.7-112) 24 (1.1-10.5)
Prrena < 0.0001
Years since stopped
Non-user 236 557 1.0 (reference) 1.0 (reference)
<10 15 12 24 (1.24-854) 1.9 (1.1-6.2)
10-20 18 27 16 (04-527) 05 (0.02-6.1)
>20 9 21 11(0.1498) 02 (0.07-7.2)
Trend test not significant
Cumulative dose to amount of tuibur {ml)
Non-user 236 557 L0 (reference) 1.0 (reference)
<1,000 45 57 18 (0.752) 0.7 (0.05-8.2)
1,000-2,000 24 27 21(1.1-92) 13 (0.5-7.5)
>2000 24 17 33(1.792) 21 (1.7-8.6)
Ppeng < 0.001

*Matched (cases and controls were matched for age and sex) univariate OR
estimated by conditional logistic regression analysis

"Adjusted ORs (adjusted for alcohol drinking, chewing, smoking, level of
education, occupation, and income group) obtained by matched conditional
multiple logistic regression analysis using maximum likelihood approach.

An increased risk of stomach cancer among smokers has
been observed in numerous case-control and cohort studies
(10-16) and is consistent with our study too. However,
studies from FEurope have reported no association between
stomach cancer and smoking (17-23). Smoking as a variable
risk factor for stomach cancer has also been reported from
India (24, 25). However, the present study indicated
statistically significant higher risk among current smokers
compared with ex-smokers, which is consistent with previ-
ous findings (10, 12, 13, 16, 26). Furthermore, we are also
reporting smoking of crude tobacco, meiziol (local cigarette)
in this study, and its association with higher risk. Our study
has shown significant dose response relationship with the
quantity of smoked like other studies (10, 19, 27-31). Tobacco
smoke contains a variety of carcinogen including N-nitroso
compounds and nitrogen oxides that may promote endoge-
nous formation of N-nitroso compounds (32), which have
been linked to gastric carcinogenests (33). IARC has revealed
that smoking is causally associated with cancer of the
stomach (34). A potential causal role of tobacco in causation
of pre-cancerous lesions, in a high-risk area of China, where
smoking was found to nearly double the risk of transition to
gastric dysplasia (35). Another study (36) carried out in the
United States revealed that current smokers had 23 times
increased risk of dying from stomach cancer compared with
non-smokers.

The Third National Cancer Survey of the
and studies elsewhere reported

United States {37)
a2 non-significant risk of

stomach cancer with smokeless tobacco use (31, 38, 39). Our
study revealed significant elevated risk among the chewers of
tobacco only (smokeless tobacco) and tuibur users than the
nonusers, which supported the findings of toxicity of tuibur
(8). There is sufficient evidence that smokeless tobacco causes
oral and pancreatic cancer in humans and sufficient evidence
of carcinogenicity from animal studies (40). The working
group of the IARC monograph concluded that smokeless
tobacco is “carcinogenic to humans.” It is pertinent to
mention here that while keeping tuibur in the mouth for
sometime, some portion of it also swallowed. Therefore,
association: of tuibur with stomach cancer in Mizoram cannot
be ruled out. Of course, further expérimental studies are
required to confirm the risks of tuibur use in Mizoram.
Although our study revealed no significant association
between betel quid chewers and stomach cancer like other
study (25), a risk (OR, 2.8) had been observed in persons who
consumed betel quid along with tobacco’and those who were
late chewers. However, there are sufficient evidence of betel

Table 4. Chewing of betel nut with or without tobacco and
risk of stomach cancer

Habits Cases Controls Univarniate*, Multivariate’,
OR (95% CT1) adjusted OR
(95% C1)
Chewing status

Non-chewers 131 388 1.0 (reference) 1.0 (reference)

Ex-chewers 83 120 20 (1.4-29) 1.6 (0.7-2.6)

Current chewers 115 150 22 (1.6-3.1) 1.5 (0522)

ing ingredients

Non-chewers 131 388 1.0 (reference) 1.0 (reference)

Betel nut + betel leaf 110 189 1.7 (1.2-2.3) 1.2 (0.7-2.1)

Tobacco alone 25 20 37(1972) 26 (1.142)

Betel nut + 54 56 28 (1.844) 20( 13-53)

Betel leaf + tobacco

Chewing frequency/d

Non-chewers 131 388 1.0 (reference) 1.0 (reference)
<3 82 110 103 (07-15) 06 (0.14.9)
>3 116 160 22 (1.5-29) 1.4 (1.0-43)
Pirena < 0.001

Age began (y)

Non-chewers 131 388 1.0 (reference) 1.0 (reference)
<10 27 39 20(12-35) * 13(0.3-14)
11-15 53 102 1.5 (0.8-1.9) 09 (0.4-1.9)
16-20 68 79 1.5 (1.0-23) 0.7 (0.06-3.3)
21-30 30 34 26 (1.44.5) 1.9 (1.1-3.1)
=31 20 16 37(1.7-72.7) 26 (1.6-55)
Trend test not significant

Years of chewing

Non-chewers 131 388 1.0 (reference) 1.0 (reference)
<15 66 96 20(1330) 12 (0.064.4)
16-30 48 64 22(1434) 13 (0.6554)
>30 72 103 20(1.4-3.0) 1.1 (0.03-6.4)
Trend test not significant

Years since stopped chewing

Non-chewers 131 388 1.0 (reference) 1.0 (reference)
<10 4 52 25 (1540 1.1 (0.01-6.4)
10-20 25 40 1.8 (1.04-32) 074 (0.02-4.2)
20< 14 24 1.7 (08-36) 061 (0.03-5.6)

Trend test not significant
Cumulative dose to chewing of betel nut + betel leaf

Non-chewers 131 388 1.0 (reference}) 1.0 (reference)
<50,000 42 76 16 (1.0-25) 063 (0.05-3.2)
50,000-100,000 60 88 20(1.330) 1.3 (0.08-5.3)
>100,000 B4 68 36 (2454 23 (1.245)
Puena < 0.01

Cumulative dose to amount of tobacco chewing (mg)

Non-chewers 131 388 1.0 (reference) 1.0 (reference)
<20,000 13 18 2.1 (09-4.7) 1.5 (0.04-4.8)
>20,000 24 22 32 (1662 26 (1.2-56)

*Matched (cases and controls were matched for age and sex) univariate OR
estimated by conditional logistic ion analysis

'Adjusted ORs (adjusted for alcohol drinking, smoking, using of tuibur, level of
education, occupation, and income group) obtained by matched conditional
mulnple logistic regression analysis using maximum likehhood approach.
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Table 5. Different tobacco-related behaviors and risk of stomach cancer

Habits Cases Controls Univariate*, OR (95% CI) Multivariate ", adjusted OR (95% C1)
Never tobacco/betel user 135 288 1.0 (reference) 1.0 (reference)
Betel with tobacco only 45 50 15 (0.8-3.1) 1.7 (0.6-2.9)
Betel without tobacco only 89 126 15 (0.6-2.1) 1.3 (0.4-2.0)
Maeiziol only 143 130 24(1.73.2) 22 (1.6-3.1)
Tuibur only 56 53 22 (14-35) 20(1532)
Meiziol and tutbur only 90 80 2.6 (1.6-39) 2.3 (1.8-3.6)
Meiziol and betel with tobacco 67 73 20(1.329) 1.9 (0.94.1)
Meiziol and betel without tobacco 48 58 1.7 (1.1-27) 1.6 (0.5-32)
Meiziol, tuibur, and betel with tobacco 64 66 24 (1332) 2.1(1.24.1)
Meiziol, tuibur, and betel without tobacco 57 60 20(13-31) 1.8 (0.8-5.1)

“Matched (cases and controls were matched for age and sex) univariate OR estimated by conditional logistic regression analysis.
t Adjusted ORs (adjusted for alcohol dnnking, corresponding tobacco user, level of education, occupation, and income group) obtained by matched conditional

multiple logistic regression analysis using maximum likelihood approach.

quid with tobacco is carcinogenic to humans in sites other than

stomach like oropharynx, hypopharynx, larynx, and esopha-
gus, but betel quid without tobacco is not classifiable as to its
carcinogenicity to humans (41).

In conclusion, tobacco users in the form of smoking or
smokeless (chewing of tobacco only and tuibur) were found
risk factor for stomach cancer in our study. The findings add to
the growing consensus that tobacco is risk factors for stomach
cancer and that efforts aimed at tobacco cessation may
eventually help to reduce the burden of stomach cancer, still
one of the world’s most common malignancies.
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ucts 1n the United States or Europe 5 Smokeless tobacco might
cause other cancers, in particular those linked 1o tobacco smoking,
but limited data are available.?.4.5 In paricular, an increased nisk of
been suggested in studies based on few
exposed cases.”™ A detailed assessment of the risk of pancreatic

products can be reached,

Although tobacco snuff and chewing entail very little exposure
to polycylic aromatic compounds, exposure 1o N-nitrosamines is
substantial 9-11 Tobacco-specific nitrosamines are expenmental
carcinogens and are heavily suspected to cause cancer, in partic-
ular adenocarcinoma, in humans. '?

Snus is a smokeless tobacco product widely used in Norway:; it
15 usually placed behind the upper or lower lip. The average sale

We conducited a detailed analysis of cancer incidence in a cohon
of Norwegian men to estimate the risk of cancer of the pancreas
and other organs from use of smokeless tobacco products.

Material and methods

"' Swdy subjects completed question-
naires on lifestyle habits in 1964 and 1967, The participation rate
vaned by study and location, by was above 75% . The question-
naire collected information on use of smokeless 1c bacco, as well as

.“‘EE“\ . Publication of the Imernational Lron Aganer Cancas
4G& UICC

gD’ e ¢ ooy

/;'f.rrr); FAAS -e

pancreas and other organs

and Aage Andersen?

ka Institute, Stockholm, Sweden

information on dietary habits, tobacco smoking, alcohol drinking
and anthropometric parameters.

A total of 12,431 men who were alive on 1 January 1964 were
included i 1551

information (x? test 0 smoking was
classified as never/current/former smoking of Cigarettes/cigars/
] in 3 categories for

registries, using Unique personal identification numbers. Fifteen
cohort members were Iosllofollow~up (0.15%). For the purpose of
this analysis, we considered the incidence of cancers of the oral
cavity and pharynx (ICD7, 141-148), esophagus (ICD7, ;
stomach (ICD7, 151), pancreas (ICD7, 157), lung (ICD7, 162),
kidney (ICD7, 180) and urinary bladder (ICD7. 181). In addition,

potential confounding effect of tobacco smoking. Addi-
tional models included a term for body mass index (BMI).

Results

The number of incident cases was 34 for oral ang pharyngeal
cancer, 27 for esophageal cancer (4 cases of adenoca:cinoma). 217
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SMOKELESS TOBACCO AND CANCER

for stomach cancer, 105 for pancreatic cancer, 343 for lung cancer
(of whom 50 cases of adenocarcinoma), 88 for kidney cancer and
238 for bladder cancer.

There was an increased RR of pancreatic cancer among ever
users of snus, and the RR of oral and pharyngeal, esophageal and
stomach cancer showed a modest, non-significant increase. There
was no increase in the RR of lung cancer (all histological types and
adenocarcinoma) and of other cancers included in the analysis
(Table I). No difference in the RR of pancreatic cancer was evident
between former and current use. The number of cases of esopha-
geal adenocarcinoma was too small to justify a separate analysis.
Table 11 shows the RRs of pancreatic and lung cancers for ever
snus use, estimated separately according to smoking habit. The
number of cases among never and former smokers was small, and
there was no evidence of an increased RR of pancreatic cancer in
these 2 groups.

Different approaches to control for the potential confounding
effect of tobacco smoking resulted in risk estimates that were
similar to those reported in Table 1. For example, the RR of
pancreatic cancer for ever snus use, derived from a model includ-
ing a continuous term for amount of tobacco smoking, was 1.66
(95% C1 = 1.06, 2.62). Further adjustment for body mass index
did not affect the RR {not shown in detail).

Discussion

Our study provides evidence for a carcinogenic effect of smoke-
less tobacco products on the pancreas, thus confirming the findings
of an early report from this cohort, which was based on only 14
cases among snus users.” None of the other available studies, all
from the United States, included more than 10 cases of pancreatic
cancer among users of smokeless tobacco products.®-!5-'7 Despite
the low statistical power, an association was suggested in two of
these studies.®'7?

Arguments in favor of a causal effect of snus on pancreatic
cancer in our study are the strong statistical significance, the
likely exclusion of selection and information bias because of
the prospective nature of the investigation, and the lack of an
apparent confounding effect of tobacco smoking and BMIL
Residual confounding by tobacco smoking or by other potential
risk factors for pancreatic cancer, such as heavy alcohol intake
and a diet poor in fruits and vegetables, cannot be completely
ruled out. The lack of a corresponding increase in risk of lung
cancer detracts from the hypothesis of residual confounding by
tobacco smoking.

Lack of information on snus use and tobacco smoking after
enrollment in the cohort is a matter of concemn, in particular given
the long-term follow-up of the study. Given the decrease in the
prevalence and use of snus among Norwegian men during the
study period, it is likely that change in snus use status mainly
affected current users who quit rather than non-users and formed
users who took up the habit. Because misclassification is unlikely
to have occurred differentially with respect to outcome (i.e., future
cases of pancreatic cancer having changed their habits dunng the
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follow-up differently from other cohort members), it should have
resulted in an underestimate of the difference of carcinogenic
effect of snus between current and former snus users. Additional
himitations of our study are the lack of information on amount and
duration of snus use, which preempted dose-response analyses,
and the small number of cases of pancreatic cancer among never
and former smokers.

N-nitroso compounds, specifically N-nitrosamines, are plausible
candidates for the carcinogemicity of smokeless tobacco products
in the pancreas. Tobacco-specific nitrosamines have been identi-
fied in the pancreatic juice of smokers and, to a lesser extent, of
non-smekers.'* Experimental studies have shown the ability of
tobacco-specific nitrosamines to produce pancreatic cancer in ex-
posed rats,'” and, in one expenment, oral administration of NNK
(one of the main tobacco-specific nitrosamines) was more effective
in causing pancrealic cancer than other routes of exposure.'
Furthermpore, a high proportion of G 10 A transitions in K-ras
mutations detected in nitrosamine-induced animal pancreatic can-
cers represents further evidence for a central role of tobacco-
specific nitrosamines and other N-nitrosamines in pancreatic car-
cinogenesis, although results on mutations in human cancers are
not consistent, !9

The lack of an increased risk of lung cancer among smokeless
tobacco users confirms previous reports.2-2 The relatively large
size of the cohort confers a power of 80% to detect as significant
a relative nsk of 1.28 or greater. The analysis of lung adenocar-
cinoma was limited by the small number of cases, however, and
our study had 80% power to detect as significant a relative risk of
1.85 or greater. We therefore cannot exclude some carcinogenic
effect of smokeless tobacco on lung adenocarcinoma.

A weak, non-significant association was detected between use of
snus and cancer of the oral cavity. The statistical power of our
study for oral cancer was similar to that for lung adenocarcinoma
(80% power to detect as significant a relative nsk of 1.8-1.9).
Chewing of tobacco products is an important cause of oral and
pharyngeal cancer in several developing regions of the world,
including in particular India,** other South Asian countries such as
Pakistan, Bangladesh and Myanmar,2*-2¢ Central Asia,?” and Su-
dan_“*2% Studies conducted in the United States provided evidence
for a carcinogenic effect of smokeless tobacco products on the oral
cavity 3 ** although these findings were not confirmed by other
investigations conducted in the United States***> or in Swe-
den.**37 The inconsistencies of results from previous studies can

TABLE 11 - RR OF PANCREATIC CANCER AND LUNG CANCER FOR EVER
USE OF SMOKELESS TOBACCO (SNUS), ESTIMATED SEPARATELY
ACCORDING TO SMOKING STATUS

P cancer Lung cancer
Smoking = = —
i _ Cases RR 95% C1 Cases RR' 95% C1
Never smokers 3 085 024-307 3 096 0.26-3.56
Former smokers 14 137 059-3.17 7 064 0.24-168
Current smokers 28 1.86 1.13-3.05 62 068 0.51-090

'RR, relatve nsk adjusted for age and, among current smokers, for
amount of tobacco smoking. Reference category: never users.

TABLE 1- RR OF SELECTED CANCERS FOR USE OF SMOKELESS TOBACCO (SNUS)

NU Ever wers (PY — 61.335)

Cases Cases RR® 95% C1
Oral/pharyngeal cancer 25 9 1.10 0.50-2.41
Esophageal cancer 18 9 1.40 0.61-3.24
Stomach cancer 143 74 1.11 0.83-1.48
Pancreatic cancer 60 45 1.67 1.12-2.50
Lung cancer (all types) 271 72 0.80 0.61-1.05
Lung adenocarcinoma 39 11 0.83 0.42-1.65
Kidney cancer 66 22 0.72 0.44-1.18
Bladder cancer 169 69 083 0.62-1.11

Former users (PY — 23,452)

Current users (PY - 37 .883)
95% C1

Cases RR' Cases RR' 95% C1
3 1.04 0.31-3.50 6 113 0.45-283
5 1.90 0.69-5.27 4 1.06 0.35-3.23
32 1.29 0.87-1.91 42 1.00 0.71-1.42
18 1.80 1.04-3.09 27 1.60 1.00-2.55
28 0.80 0.54-1.19 a4 0.80 0.58-1.11
4 0.86 0.30-2.43 7 081 0.36-1.85
13 1.17 0.63-2.16 9 0.47 0.23-0.94
30 0.98 0.66-1.47 40 0.72 0.52-1.06

'NU. never users (reference category, 158.672 person years).-'PY,

person-years of observation (analysis of pancreatic cancer risk).—'RR,

relative risk adjusted for age and smoking of cigarettes, cigars and pipe

S o~
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be explained by methodological aspects such as adequacy of
control for tobacco smoking and statistical power; in any case, our
results are consistent with previous evidence in supporting the
conclusion that it is unlikely that the use of smokeless tobacco
products in Europe and United States entails a substantial increase
intheriskofu‘a!mdplmyngcalcamn:ﬂwmasonsforlhc
difference in carcinogenic risk entailed by smokeless tobacco
products used in Europe, as compared to those used in developing
countries, are not fully understood, but they might be related 10
tobacco species, fermentation and ageing.’®

No effect of snus use on esophageal -3940 and stomach cancer*®!
was detected in previous studies, and our results might be attnib-
uted to chance. Previous studies of cancers of the bladdert2+3 and
kidney*44* do not suggest an association with use of smokeless
tobacco products, which is in agreement with our findings.

i

BOFFETTA ET AL

There is controversy on whether the use of smokeless tobacco
products that are common in Northern Europe should be en-
couraged as an alternalive to tobacco smoking, due to the
apparent lack of a strong carcinogenic effect on crgans such as
the lung and the oral cavity.’*¢ Although the risk of cancer of
the lung and some other organs in this population was lower
among snus users than among non-users, the decrease was of
small magnitude and not statistically significant, and there was
no clear evidence of a beneficial effect among non-smokers.
Our study does not offer arguments in favor of the use of
smokeless tobacco products to reduce the burden of tobacco-
related cancer incidence or montality. Furthermore, it provides
evidence of a carcinogenic effect on the pancreas, which should
be taken into account in the assessment of the health effects of
this group of products.
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Abstract

Cigarette smoking is an important and well-established
cause of pancreatic cancer. In contrast, little is known
about the effects of smoking cigars, pipes, and use of
smokeless tobacco on pancreatic cancer risk. The
objective of the present study was to examine the
association between noncigarette tobacco use (Le., cigars,
pipes, smokeless tobacco) and pancreatic cancer risk
among nonsmokers of cigarettes. A population-based
case-control study of pancreatic cancer was conducted
during 19861989 among residents of Atlanta, Georgia,
Detroit, Michigan,, and 10 counties in New Jersey. Direct
interviews were successfully completed with 526 newly
diagnosed pancreatic cancer patients and 2153 controls
ages 30-79 years. This analysis was restricted to lifelong
nonsmokers of cigarettes and based on interviews with
154 cases newly diagnosed with carcinoma of the exocrine
pancreas and 844 population controls who reported no
history of cigarette smoking. We observed a consistent
pattern of increased risk associated with cigar smoking,
although these elevations were not statistically significant.
Participants who smoked cigars regularly (Le., at least
one cigar/week for =6 months) experienced a 70%
increased risk [95% confidence interval (Cl): 0.9-3.3],
and those who never used other form of tobacco had a
90% increased risk (95% Cl: 0.8-4.3). Risk was elevated
among those who smoked more than one cigar/day |odds
ratio (OR) = 1.8; 95% CI: 0.8-4.2) and among those
who smoked cigars > 20 years (OR = 1.9; 95% CI: 0.9-
3.9). Trends in risk with increasing amount and duration
smoked were consistent but not statistically significant
(P = 0.17 and P = 0.16, respectively). Subjects who used
smokeless tobacco regularly had a 40% increased risk of
pancreatic cancer (95% Cl: 0.5-3.6) compared with
nonusers of tobacco. We observed a marginally
significant increasing risk with increased use of smokeless
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tobacco (P = 0.04); participants who used >2.5 oz of
smokeless tobacco a week had an OR of 3.5 (95% CI:
1.1-11). Long-term use of smokeless tobacco (Le., >20
years) was also associated with a nonsignificant increased
risk (OR = 1.5; 95% CI: 0.6-4.0). In contrast, pipe
smokers experienced no increased risk (OR = 0.6; 95%
C1: 0.1-2.8). Our results suggest that heavy use of
smokeless tobacco, and to a lesser extent, cigar smoking
may increase the risk of pancreatic cancer among
nonsmokers of cigarettes.

Introduction

Noncigarette tobacco use has been increasing in the United
States since the early 1990s (1, 2), heightening awareness of the
health effects of use of noncigarette tobacco. Recent results
from the American Cancer Society Prospective Cancer Preven-
tion Study suggest that men who smoked cigars, but not ciga-
reties or pipes, are at increased nisk of several sites of cancer
known to be associated to cigarette consumption, including
lung, esophagus, larynx, oral cavity, and possibly pancreas (3).
Cigarette smoking is an important and well-established cause of
pancreatic cancer. In contrast, ittle 1s known about the effect of
noncigarette tobacco use on pancreatic cancer nsk. Studies of
the noncigarette tobacco use pancreatic cancer association have
been hampered by the relatively few nonsmokers of cigareties
who used other forms of tobacco. Exclusion of cigarette smok-
ers from such studies is important to estimate the independent
effect of noncigarette tobacco use. Additional limitations of
most case-control studies of pancreatic cancer include misclas-
sification of disease and low response rates because of the rapid
fatality from this disease (4-6). Patterns of nsk by type of
tobacco use coupled with information about differences in the
putative carcinogens present in these types of tobacco may help
to identify the human pancreatic carcinogens present in to-
bacco. The purpose of our study was 1o estmate the risk of
pancreatic cancer associated with smoking cigars, pipes, and
use of smokeless tobacco.

Materials and Methods

Detailed methods have been described previously (5). Briefly,
this population-based case-control study was initiated simulta-
neously with case-control studies of three other malignancies
(i.e.. esophagus, prostate, and multiple myeloma). The case
series included all cases of carcinoma of the exocnne pancreas
(International Classification of Diseases for Oncology code —
157) newly diagnosed from August 1986 through April 1989
among 30 -79-year-old residents of geographic areas covered
by population-based cancer registnes located in Atlanta, Geor-
gia (DeKalb and Fulton counties); Detroit, Michigan (Macomb,
Oakland, and Wayne counties), and the state of New Jersey (10
counties). Despite a relatively short median time from diagnosis
to interview (7 weeks), 471 of the 1153 patients imitially 1den-
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Table I Risk of pancreatic cancer by tobacco type among nonsmokers of cigaretics
No. of No of v
Type of tobacco ; Adjusted odds ratio” (95% confidence interval)

Nonusers of tobacco 123 682 1o
Cigars

Ever cigars 16 BS 1.7 (0.9-3.3)

Only cigars 9 37 19 (0.84.3)

Ever pipes 9 62 06 {0.1-2.8)

Only pipes 1 24 03 (0.04-2.4)
Smokeless tobacco

Ever used smokeless tobacco 7 44 14 (0.5-3.6)

Only used smokeless tobacco 5 | 28 L1 (0.4-3.1)

—d

-0y L 1

2 Jed Adjusied by race, gender, geographic site, cigar smoking, smokeless tobacco, and age.

tified for study died before the interview could be conducted.
Of the 682 surviving patients identified for study, 526 (77%)
case patients were interviewed.

The control series was drawn from the general population
of the study areas, frequency-matching controls to the expected
age-race-gender distribution of cases of all four types of cancer
combined in each study area. Controls 30 - 64 years old were
selected by random-digit dialing. Of the 17,746 households
telephoned, 86% provided a household census that served as the
sampling frame for selection of controls under age 65 years. Of
the 1568 controls chosen from these households, we inter-
viewed 1227 (78%). Controls ages 65-79 years consisted of a
stratified random sample drawn from The Centers for Medicare
and Medicaid Services (formerly Health Care Financing Ad-
ministration) rosters of the population age = 65 years in each
study area. Of the 1232 older controls selected, we interviewed
926 (75%).

We excluded from analysis 32 cases who were unlikely 1o
have adenocarcinoma of the exocrine pancreas and 13 cases and
54 controls with unsatisfactory interviews. All cigarette smok-
ers (327 cases and 1255 controls) were also excluded from this
analysis. Thus, the analysis was based on first person interviews
with 154 cases with a diagnosis of carcinoma of the exocrine
pancreas and 844 population controls who were lifelong non-
smokers of cigarettes. The study was reviewed and approved by
the institutional review board of the National Cancer Institute.

Cigar smokers were defined as subjects who reported
smoking at least one cigar/week for at least 6 months. The same
6-month requirement (one pipe/week, chewed one pouch or
plug/week, or ever used snuff) was used 1o define regular users
of pipes, chewing tobacco, and snuff. » respectively. Because of
the small number of users of chewing tobacco and snuff and the
high correlation between them, we combined use of chewing
tobacco and/or snuff into one smokeless tobacco use variable.
The amount of chewing tobacco and snuff was combined onto
ounces of smokeless tobacco with each can of snuff contribut-
ing 1.2 oz of tobacco and each unit of chewing tobacco con-
tributing 3 oz (pouches) or 2.33 oz (plugs) of tobacco. We
defined nonusers of 1obacco as subjects who reported not using
any type of tobacco product.

Odds ratio (OR) and 95% confidence intervals (Cls) were
estimated by unconditional logstic regression analysis (7). Sta-
tistical models included terms for exposure (ie., cigar smoking,
pipe smoking, and smokeless tobacco), matching factors (1e .
age at diagnosis/interview, race, gender, and study area), as
well as potential confounding factors (ie., ever smoked cigars
and ever used smokeless tobacco), Addiional potennal con-
founders [ie., diabetes mellitus (diagnosed at lcast 5 vears

before the diagnosis of cancer), alcohol, gallbladder disease,
income, obesity, marital status, total calories, and pipe smok-
ing] did not substantially modify any of the risk estimates and
were not included in the final models. To test for linear trend,
we computed the Wald statistic. The exposure variable was
treated as continuous in the model by entering the median value
for each level of the categorical variable among the controls.

Results

Table 1 shows risk estimates for use of each type of tobacco
(re., cigars, pipes, and smokeless tobacco). Cigar smokers had
an OR of 1.7 (95% CI: 0.9-3.3), and cigar smokers who never
used other form of tobacco had an OR of 1.9 (95% CI- 0.8-
4.3). Consistent positive trends in risk with both amount and
duration smoked cigars were apparent, although these trends
were not statistically significant (P = 0.17 and P = 0.6,
respectively, Table 2). Risk was elevated among those who
smoked more than one cigar/day (OR = 1 8: 959 Cl: 0.8-4.2)
and among those who smoked cigars > 20 years (OR = 1.9;
95% CI: 0.9-3.9),

Use of cigars and pipes was highly correlated. Most pipe
smokers also smoked cigars. Those who ever smoked cigars but
never smoked pipes had a higher risk (OR = 1.5; 95% CiI:
who ever smoked pipes and never smoked
cigars (OR = 0.7: 95% CI- 0.2-3.0). Risk estimates for cigar
smokers were affected little by adjustment for pipe smoking
(OR = 1.7; 95% CI: 0.8-3.5), but those for pipe smoking were
close to the unity after cigar smoking was taken into account.
After adjustment for cigar smoking and smokeless tobacco use,
ORs were as follows: ever smoked pipes regularly 0.6 (95% CJ-
0.1-2_8); smoked pipes > 20 years 0.8 (95% CI: 0.2-3.7); and
smoked more than two pipe fills/day 0.7 (95% CI- 0.1 -3.5).

Subjects who ever used smokeless tobacco and never
smoked cigarettes had a 40% increased risk of pancreatic can-
cer (95% CI: 0.5-3.6) compared with nonusers of any tobacco
product (Table 1). We observed a marginally significant in-
creasing risk with increased use of smokeless tobacco (P -
0.04); subjects who used >2.5 oz of smokeless tobacco a week
had an OR of 3.5 (95% CI-: 1.1-11; Table 2). Long-term users
of smokeless tobacco had an OR of 1.5 (95% CI: 0.6-4.0), but
the trend in risk with duration of use was not significant (P -
0.42). Although use of chewing tobacco and snuff were highly
correlated, chewing tobacco use seemed to contribute more
than snuff use to the observed increased risk of pancreatic
cancer among users of smokeless tobacco. When we included
both types of smokeless tobacco in the same model] adjusting
for cigar smoking, the resulting ORs were 1.7 (959, Cl: 06-
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Table 2 Numbers of cases and controls and odds ratios by amount and years smoked cigars and smokeless tobacco among nonsmokers of cigarettes

No. of Adjusted
Type of tobacco Mo. of controls {odds (95% CI) P for trend
cases :
ratio)”
Nonusers of obacco 123 682 1.0
Cigars
Cigars smoked/day
<la 7 4l 16 (0.7-4.1)
=1 = e 41 18 (0.8-42) - 017 -
No. of ycars
smoked
=20 3 24 1.2 (0.3-4.3)
=20 13 61 1.9 (0.9-3.9) 016
SmokeIeJS tobacco ] | !
Ounces/wk
=25 1 2 03 (0.04-25)
=>2.5 6 2 35 (1.1-106) 0.04
No. of years used
=20 1 10 1.1 (0.1-11.0)
=20 6 33 15 (0.6-4.0) 042

# Cigaretie siokers were excluded Adjusted by race, gender, geographic site, and cigar smoking, smokeless tobacco, and age.

45) and 1.1 (95% Cl: 0.4-3.5) for chewing tobacco and for
snuff use, respectively. Subjects who chewed tobacco used
more ounces of smokeless tobacco/week (mean of 7.2 0z) than
those who dipped snuff (2.4 oz) and experienced a marginally
significant increasing nisk of pancreatic cancer with increased
use of chewing tobacco (P = 0.04).

Additional analyses including cigarette smokers indicated
patterns of risk similar to those observed for nonsmokers of
cigarettes.

Discussion

Our results suggest that heavy use of smokeless tobacco and, to
a lesser extent, cigar smoking may increase the nsk of pancre-
atic cancer among nonsmokers of cigarettes.

Results of studies of the relation between cigar smoking
and pancreatic cancer have been equivocal. Increased pancre-
atic cancer risk has been reported for cigar smokers in some
prospective (2, 3, 8, 9) and retrospective studies (10-12) but
not all (13, 14). Most studies with positive findings presented
risks for smoking only cigars, whereas most negative studies
included cigarette smokers in their analyses or did not report the
effects of smoking only cigars.

Our study is the first posiive report of the effect of
smokeless tobacco on pancreatic cancer risk among nonciga-
rette smokers. Increased risk for users of smokeless tobacco
was previously reported in one case-control study (10) and two
cohort studies (15, 16), but these studies included cigaretic
smokers. No association was reported in a third case-control
study based on small numbers of subjects (17). Our results are
similar to the only previous report of risk by type of smokeless
tobacco, which suggested a positive association for chewing
tobacco, but not for snuff (10).

Support for an association between pipe smoking and
pancreatic cancer is weaker than that for cigar smoking and
smokeless tobacco. Most studies have failed to find an associ-
ation between pipe smoking and pancreatic cancer (12-14, 16,
18, 19), with only two studies reporting positive findings
(10, 20)

Our estimates of pancreatic cancer risk associated with
cigar smoking and use of smokeless tobacco were similar to
those previously reported for ciparette smoking (5). The chem-

istry of cigar smoke is qualitatively similar to that of cigarettes,
however, many quantitative differences do exist (2). Tobacco-
specific N-nitrosamines (TSNA) are present in cigar smoke at
significantly higher levels than in cigarette smoke. In particular,
cigar smoke is nicher than cigarette smoke in the highly carci-
nogenic TSNA N’-nitrosonorcotinine and 4-(methylnitro-
samino)-1-(3-pyridyl)-1-butanone (NNK). The most important
carcinogenic agents present in smokeless tobacco are TSNA,
whereas the levels of polycyclic aromatic hydrocarbons
smokeless 1obacco appear 10 be too low to make a significant
contribution 1o smokeless tobacco carcinogenicity (2). Ciga-
rette filters reduce the concentration of inhaled particulate con-
taining the carcinogenic polycyclic aromatic hydrocarbons but
do not significantly reduce the TSNA level. Switching from
nonfilter cigarertes to filter cigarettes does not appear to lower
the risk of pancreatic cancer (5, 10), suggesting that TSNA
might play a more important role than polycyclic aromatic
hydrocarbons in tobacco-induced pancreatic cancer. In addi-
tion, a recent study found measurable amounts of NNK and
4-(methylnitrosamino)- 1 -(3-pyridyl)- 1-butanol (NNAL) in hu-
man pancreatic juice with significantly higher levels among
smokers than nonsmokers (21). Although it is unclear to what
extent nitrosamines might be activated in the human pancreas
(22, 23), NNK and NNAL are metabolically activated in the
liver (24) and excreted into the bile. NNK metabolites have
been detected and measured in the bile of rats afier ntra
peritoneum administration of NNK (25) and are known 10
induce pancreatic tumors in expenimental studies (26).

Our study has a number of strengths, including analyses
based solely on nonsmokers of cigarettes, its population-based
study design, availability of mformation obtained from direct
interviews with patients, and a review of diagnostic material for
all pancreatic cancer cascs. Some possible mitations are also
apparent. First, most point estimates are not statistically sigmif-
icant. We believe, however, that the consistency of the patterns
of risk (eg. higher risks among heavily exposed subjects),
coupled with similar results from previous studies, suggests that
the observed associations between heavy use of smokcless
tobacco/cigar use and pancrealic cancer are unlikely to be due
1o chance. Second, because 40% of patients initially identified
for study died before the interview could be conducted, survival
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bias cannot be ruled out. A methodological substudy indicated
that cigarette smoking habits of cases who survived enough to
be interviewed were similar 1o those of cases who died before
interview (5), suggesting that survival was not related 10 to-
bacco use and is unlikely to explain our findings.

In summary, our results suggest that heavy use of smoke-
less tobacco and possibly cigar smoking may increase the risk
of pancreatic cancer among nonsmokers of cigarettes. Because
of the recent rise of noncigarette tobacco use in the United
States, coupled with the misconception that noncigarelte to-
bacco 1s a safe product (2), additional research is needed to
better understand whether smoking cigars and smokeless to-
bacco cause pancreatic cancer.
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Oral use of Swedish moist snuff (snus) and risk for cancerof W

the mouth, lung, and pancreas in male construction workers:
a retrospective cohort study

Juhua Luo, Weimin Ye, Kazem Zendehdel, Johonna Adami, Hans-Olov Adarm, Poolo Boffetta, Olof Nyeén

Summary

Background Although clasdified as carcinogenic, snuff is used increasingly in several populations. Scandinavian moist
snuff (snus) has been proposed as a less harmful alternative to smoking, but precise data on the independent
associations of snus use with site-specific cancers are sparse. We aimed to assess the risks for cancer of the oral cavity,
lung, and pancreas.

Methods Detailed information about tobacco smoking and snus use was obtained from 279897 male Swedish
construction workers in 1978-92. Complete follow-up until end of 2004 was accomplished through links with
population and health registers. To distinguish possible effects of snus from those of smoking, we focused on
125576 workers who were reported to be never-smokers at entry. Adjusted relative risks were denived from Cox
proportional hazards regression models.

Findings 60 cases of oral, 154 of lung, and 83 of pancreatic cancer were recorded in never-smokers. Snus use was
independently associated with increased risk of pancreatic cancer (relative risk for ever-users of snus 2-0; 95% CI
1.2-3.3, compared with never-users of any tobacco), but was unrelated to incidence of oral (0-8, 95% CI 0-4-1-7) and

lung cancer (0-8, 0-5-1-3).

Interpretation Use of Swedish snus should be added to the list of tentative risk factors for pancreatic cancer. We were
unable to confirm any excess of oral or lung cancer in snus users.

Introduction
Use of snuff has become increasingly popular in several
countries, but Sweden has the highest consumption,
predominantly in the form of moist snuff (snus). The
habit is especially gaining popularity in adolescents and
women.' At present, however, the majority of users are
men; at least 23% of Swedish men used snus in 20027
About 30 carcinogens have been identified in
smokeless tobacco. and the tobacco-specific nitro-
samines, formed from nicotine and related tobacco
alkaloids, are thought to be particularly important.’ The
tobacco-specific nitrosamines with the greatest pro-
portions in snuff (4-(nitrosomethylamino)-1-(3-pyridyl)-
1-butanone [NNK] and N’ -nitrosonornicotine [NNN]),
have been implicated in the cause of tobacco-related
cancers.** Comparative studies have generally shown
lower concentrations of tobacco-specific nitrosamines
in Swedish snus than in American snuff,” leading to a
perception that the use of Swedish snus is a suitable
alternative to smoking. Indeed, with a few exceptions,*"
studies of Scandinavian snus have shown no risk
associated with use of this form of tobacco’ The
Scandinavian experience differs from that in South
Asia" and elsewhere,” " where smokeless tobacco is an
established risk factor for oral cancer. This inconsistency
might be attributable to methodological aspects, such
as inadequate control for confounding by cigarette
smoking and alcohol use, which are strong risk factors

for oral cancer.

woww Thalancet com Vol 368 June 16, 2007

Because of NNK’s specificity for the lung in rodent
cancer models,*" lung cancer should be another concern
in relation to smokeless tobacco. However, few studies
have addressed this risk in human beings. The only study
of Scandinavian snus and lung cancer showed a
non-significantly decreased risk in snus users,” raising
questions about residual confounding due to smoking.
Epidemiological evidence®** suggests that the use of
smokeless tobacco, including Scandinavian snus,* might
increase the risk of pancreatic cancer, but published data
are based on few snus-exposed cases.

With a growing awareness of the health hazards
associated with smoking, snus could become increasingly
popular,”” and the habit might spread to people who
would otherwise refrain from tobacco use. Therefore,
valid and precise epidemiological data on health risks
associated with use of snus are urgently needed. We
consequently did a prospective study in Swedish
construction workers, with a high prevalence of exposure
to snus, to address the assocaation of snus use with oral,
lung, and pancreatic cancer.

Methods

Setting and participants

The background of the Swedish construction worker
cohort has been described previously.” Briefly, from 1969
through 1992, preventive health check-ups were offered to
all workers in the Swedish building industry, and from 1971,
the collected data were compiled in a computerised central
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register. Each record also contained the participant's
National Registration Number, a unique personal identi-
fier assigned to every Swedish resident at birth or
immigration. This identifier includes the date of birth.

Because of ambiguities in the coding of smoking status
in the questionnaires used during 1971-75 (Zendehdel K,
et al, unpublished), we restricted our analysis to workers
with at least one visit in the 1978-92 period, when
information on smoking and snus use was obtained
through personal interviews by nurses. Because the
group contained few women, we limited our analyses to
men. Links with nationwide registers of the total
population, emigration, and death enabled us to exclude
records with incorrect National Registration Numbers
{which could not be found in any of these registers), and
men with a death or emigration date before entry. Links
with the Swedish Cancer Register led to exclusion of men
with cancer before entry. We also excluded men with
incomplete tobacco exposure data.

Procedures
We only used exposure information obtained at the first
visit, which defined entry into the cohort: snus user
status (never, previous, or current), grams of snus per
day (<10 g or 210 g), smoking status (never, previous, or
current), grams of smoking tobacco per day (continuous),
and body-mass index (BMI; <25, 25-29. or 230). The
quality of exposure data has been reviewed previously
and was deemed satisfactory.”

Follow-up was done through linking of records to the
nationwide, and essentially complete, population and

[ 300637 workers with at least one
l wisit in 1978-92

| 1 14 987 women —]

334 men with incorrect Natsonal
Regntration Numbes

23 men with death date before entry
2845 men with emigration date
before entry
1164 men with cancer before entry '

1392 men with incomplete exposure
nformation

4

r
279897 men remained for
final analyss

Figure: Summary of inclusion and exclusion criteria and final cohort used for
analysis

iy t

health registers previously mentioned. For correct
censoring, dates of death were obtained from the Causes
of Death register, and dates of emigration came from the
Register of Domestic and International Relocations. The
Cancer Register, established in 1958, codes malignant
neoplasms according to the International Classification
of Diseases, 7th edition, and includes information on
more than 98% of all diagnosed cases in Sweden ”* We
used dodes 140, 141, 143, and 144 for incident cases of oral
cancer (not including cancers of the salivary glands,
pharynx, or larynx), code 162 for lung cancer, and code 157
for pancreatic cancer. Each cohort member contributed
person-time from the date of entry until the date of any
first cancer diagnosis, migration, death, or December 31,
2004, whichever occurred first.

Statistical analysis

All three cancers are highly age dependent. Therefore,
we investigated age distributions in each exposure
category. The associations between exposure variables
and risk of cancer were expressed as relative risks (RRs)
derived from Cox proportional hazards regression
models, with attained age (continuous) as time scale.
Initially, we fitted models in which the relative risks
associated with smoking were adjusted for snus use, and
in which relative risks linked to snus use were adjusted
for smoking. To better control the strong confounding
effect of smoking in our analyses of snus, we fitted
models restricted to neversmokers. We adjusted for
BMI in all our models. However, since BMI could
conceivably be in the causal pathway, we also did analyses
unadjusted for this factor. Tests for linear trend were
done by creating a continuous variable from the median
of the categories.

The assumption of proportional hazards was tested on
the basis of the cumulative sums of Martingale residuals
with the Kolmogorov-type supremum test,* in which
1000 realisations were used. Results indicated that the
proportional assumption was satisfied for all models.

Role of the funding source

The funding source had no role in the study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access o
all the data in the study and had final responsibility for
the decision to submit the paper for publication.

Results

The figure shows the numbers of eligible workers
included in and excluded from the group for our analysis.
Characteristics of the 279897 men in our cohort,
including smoking and snus use, are shown in table 1.
Average age at entry was 35 years (SD 13). These men
were followed-up for an average of 20 years (SD 6). At
time of entry, 31% of the cohort members used or had
previously used snus. The proportion of ever-smokers
was greater for men older than 30 years than in vounger

wanw thelancet com Vol 369 June 16, 2007
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men, whereas snus use was more common in those
younger than 30 years, reflecting the spreading habit in
the Swedish male population.

258 incident cancers of the oral cavity, 2216 of the lung,
and 468 of the pancreas were recorded during follow-up.
Of these, 60 oral, 154 lung, and 83 pancreatic cancers
occurred in the 125576 never-smokers.

We confirmed that tobacco smoking was a strong risk
factor for all the studied cancers (table 2). The Cox
regression models, which also included men who used
snus simultaneously, were adjusted for attained age,
BMI, and snus use. Removal of BMI from the models
had little effect on the results (data not shown).

In analyses that included all cohort members,
irrespective of smoking and snus user status, the
adjusted relative risks for cancer 1n ever-users of snus,
compared with never-users, were 07 (95% C1 0-5-0-9)
for oral, 0-7 (0-6-0-7) for lung, and 0-9 (0-7-1-2) for
pancreatic cancer. In analyses restricted to men who
were never-smokers, ever-use of snus was associated
with a significant increase of the risk for pancreatic
cancer, compared with the risk in never-users of any
tobacco (table 3). We also noted a significant dose-nsk
trend for pancreatic cancer with increasing amount of
snus use (p=0-01). However, the point estimates for the
two dose categories above zero (1-9 g and =10 g snus per
day) did not differ greatly from each other. We did not
observe an increased risk of oral cancer or lung cancer in
men who used snus but did not smoke Repeated
analyses without adjustments for BMI produced similar
results (data not shown).

wew thelancet com Vol 369 June 16, 2007

Discussion

The main finding of this large cohort study was an
increased risk of pancreatic cancer in never-smoking
snus users compared with never-users of any tobacco,
with some evidence for a dose-risk association. We did
not detect any excess risk for cancer of the oral cavity or
lung,.

Our finding is at odds with the perception that use of
Swedish moist snus has no demonstrable carcinogenic
risk” If valid, it will have important public-health
implications, since snus has been proposed as a way to
reduce harm in nicotine addicts.** The increase in risk
is, however, in line with that reported in a cohort study
from Norway®—the only published Scandinavian study
on the association between use of smokeless tobacco and
risk of pancreatic cancer. In that study, a significant
70% excess incidence was noted in ever-users relative to
never-users of smokeless tobacco, after adjustment for
smoking and alcohol use*® Some of the tobacco
consumption was in the form of local chewing tobacco
(skrd). In our cohort, the participants reported specifically
about snus use, and use of other smokeless tobacco
products was probably negligible. Results of several
American studies of smokeless tobacco support our
findings™ ™ although some do not.*”

The excess risk was noticeable only in an analysis
restricted to the never-smoking stratum. This analysis
was defined a priori to eliminate residual confounding by
smoking dose. Previous evidence, reinforced by observed
data in the present study (not shown), suggests that
individuals who combine smoking with snus use smoke
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less and might increase their overall chances of
subsequent abstinence, compared with those who only
smoke.” Indeed, although findings of a Swedish case-
control study* showed no significant relation between
use of snus and overall risk of head and neck cancer in
multivariate-adjusted analyses, snus use among never-
smokers was associated with an almost fve-times
increased risk. In the Norwegian cohort study mentioned
previously® a 20% reduction in risk of lung cancer was
noted in multivariate-adjusted analyses, again suggesting
residual negative confounding. The shift from a similar
inverse assodiation with lung cancer in our multivariate.
adjusted analysis to a null result in the analysis restricted
lo neversmokers is in good agreement with the
Norwegian data and provides further support for the
concern about confounding. Hence, we believe that the
estimate for snus in never-smokers is less biased than an
estimate obtained in an overall analysis that also includes
smokers and in which control for confounding by
smoking is attempted through multivariate modelling.
The absence of association with lung cancer in this
stratum, in effect, confirms the absence of important
confounding by smoking.

Efficient adjustment for smoking dose in snus-using
smokers is expected to nullify any positive consequences
of snus use conferred through its purported anti-smoking
effects. The significant risk reductions for all three
studied cancers among snus users noted in our
conventional models that included the entire group,
despite our attempts to adjust for smoking dose, suggest
that the net effect of snus use in the studied population
might be a reduced risk of cancer.

The apparent specificity for the pancreas as the target
organ is biologically plausible. First, the caranogenicity
of tobacco-specific nitrosamines is remarkably organ-
spedific in animal experiments.* Although the lung and
upper respiratory tract dominate as target organs, rats
develop pancreatic adenocarcinoma when exposed
to NNK or its metabolite 4-(methylnitrosamino)-1-(3.

Ever-users of srs 255 0B0417) 18 64 080051 2 85 20023y |
s P 07(0150) 3 B5 ©09(0330) 2 66 140459
Current users 34818 09(04-18) 15 60 o0B(0413 18 88 3

1-9g/day 6704 07(02-28) 7 86 1000521 6 76 19(0843 |

210 g/day 30683 564152 8 31 0904200 10 48  07(0413) 13 85 2101138 |

02 001

pyndyl)-1-butanol (NNAL) in drinking water.” Second,
measurable amounts of NNK and NNAL have been
documented in human pancreatic juice, in the case of
NNK at significantly higher concentrations in smokers
than in non-smokers.” Third, it is well established that
NNK metabolites bind to DNA and induce activating
point mutations in the RAS gene—mutations that are
observed in 50-90% of all pancreatic adenocarcinomas.®
Fourth, NNK acts as an agonist on B-adrenergic receptors,
which activate signal transduction pathways that induce
the formation of arachidonic acid and its mitogenic
metabolites.® Fifth, Swedish data suggest a causal link
between snus use and risk of type 2 diabetes.” and
increasing evidence implicates insulin resistance and
abnormal glucose metabolism as risk factors for
development of pancreatic cancer.”

The absence of an increased risk for oral cancer in
snus users confirms the negative results of published
work on this particular type of smokeless tobacco o
However, residual negative confounding from smoking
dose cannot be confidently excluded in these studies, as
discussed above. An International Agency for Research
on Cancer working party recently concluded, mainly on
the basis of American and Asian data, that sufficient
evidence exists that smokeless tobacco causes oral
cancer in human beings.” With only ten cases among
ever-users of snus in the never-smoker stratum, oral
cancer was the least common cancer of the three studied
in our analysis, making the estimates liable to chance
variations.

In accord with our findings, previous epidemiological
evidence on smokeless tobacco and lung cancer in
developed countries has been essentially negative, 5
with few exceptions,* despite the strong link between
exposure to tobacco-specific nitrosamines and formation
of lung tumours in rodents* The reasons for the
discrepancy between animal and human data remain to
be clarified: in our study, confounding from smoking
dose is an unlikely explanation.

wwwihelancet com Vol 369 June 16, 2007
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Our study has several strengths but also some
limitations. An important strength is the cohort design,
which essentially precludes the possibility that the cancer
outcome could have affected the initial reports about, or
the actual use of, the tobacco products of interest. One
disadvantage of this design is that individuals'
tobacco-use habits might have changed during follow-up.
The repeat visits during follow-up varied in number and
timing, and therefore were sensitive to self-selection
bias. However, we used the smoking infogmation
recorded at these visits to investigate whether workers
who were initially classified as never-smoking snus users
might differ from those who were dassified as
never-users of any tobacco. We found that 2132 of 17634
(12%) of never-smoking snus users were later recorded
at some point in time as former or current smokers. The
corresponding proportion in never-users of any tobacco
was 2824 of 39469 (7%). We used these data and the
effect sizes derived from tables 2 and 3 in a sensitivity
analysis according to Schneeweiss.” The suggested
misclassification of smoking status affected our reported
estimates no more than trivially (data not shown). In
accord with a recent Swedish study that reported a high
probability of continuing snus use once the habit has
been initiated,* our data from the repeat visits suggested
that dose of snus remained stable over time (data not
shown).

Another strength is the completeness of follow-up.
Furthermore, the large cohort size and the high
prevalence of exposure to snus made it possible to obtain
meaningful estimates in never-smokers. However, the
statistical precision is still a weak point; the estimates for
the three types of cancer in never-smoking ever-users of
snus were based on few cases, with considerable risk for
type 2 error in analyses for oral and lung cancer.

The scarcity of information about covariates in our
database needs careful consideration. The restriction to
male construction workers allays concerns about
confounding by sex, socioeconomic status, and
occupational exposures. Furthermore, it is hard to
imagine any negative confounding that would have
hidden a true association of snus with risk for oral and
lung cancer. In the case of pancreatic cancer, we were
unable to identify any established or suspected risk
factor" other than smoking that might be linked to snus
use, although confounding by dietary factors is a
possibility. Another, more speculative, confounding
factor could be passive smoking, but such an effect seems
unlikely in view of the strength of the association and the
absence of an increased risk for lung cancer.

At present, our results can be confidently generalised
only to Swedish male construction workers. Although
our relative risk estimates—if unbiased and
unconfounded—might refiect a biological relation that
can be generalised to other populations, measures that
depend on the underlying baseline nsk and exposure
prevalence rates (eg. nisk difference, numbers needed 1o

wwiw thelancet com Vol 368 june 16, 2007

harm, population attributable risk percentage, etc) could
differ substantially between population groups. These
measures are typically the ones that are most important
for public-health consequences.

We conclude that our findings are probably internally
valid. Although we have some reservations about
statistical power, the oral use of snus does not seem to be
linked to the risk for cancer of the oral cavity or lung, in
agreement with some but contrary to other previous work
on oral cancer. However, the habit seems, with slightly
greater certainty, to be assodated with an increased risk
of pancreatic cancer. The overall consistency of combined
available evidence suggests that the assodation with
pancreatic cancer is real, but perhaps weaker than that
noted for smoking. Therefore, oral use of snus should be
added to the list of tentative risk factors for pancreatic
cancer. The Swedish snus investigated in this cohort,
despite its low concentrations of tobacco-specific
nitrosamines in comparison with many other smokeless
tobacco products, might not be an entirely safe product.
Because of the spedal characteristics of the cohort,
additional studies in populations with other patterns of
use, not the least in women, are desirable—albeit difficult
to accomplish, in view of the sample sizes needed—to
put the implications for public health in perspective.
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Smokeless tobacco use and cancer of the upper respiratory tract
Brad Rodu, DDS,? and Philip Cole, MD, DrPH.P Birmingham, Ala

UNIVERSITY OF ALABAMA AT BIRMINGHAM

i

The most recent epidemiologic review of the c;ncer risks associated with smokeless tobacco use appeared in 1986,
when 10 studies were available. This review describes 21 published studies, 20 of which are of the case-control type. We
characterize each study according to the specific anatomic sites and according to the type of smokeless tobacco products for
which it provides relative risks of cancer. The use of moist snuff and chewing tobacco imposes minimal risks for cancers of the
oral cavity and other upper respiratory sites, with relative risks ranging from 0.6 to 1.7. The use of dry snuff imposes higher
risks, ranging from 4 10 13, and the risks from smokeless tobacco, unspecified as to type, are intermediate, from 1.5 to 2.8. The
strengths and limitations of the studies and implications for future research are discussed. (Oral Surg Oral Med Oral Pathol

Oral Radiol Endod 2002;93:511-5)

Smokeless tobacco (SLT) is well recognized as a cause
of cancer of the oral cavity.! The most recent review of
the epidemiology of this issue appeared in 1986 and
described 10 studies.? The present review uses data
from the 21 studies now available to estimate the rela-
tive risks (RRs) of cach major type of oral and upper
respiratory tract cancer associated with use of several
types of SLT products.323

We identified reports from the United States and
western Europe that provided data potentially usable
for estimating SLT-related RRs of cancer. We excluded
studies from India and other eastern countries where
processed tobacco is not comparable to that used in the
West. Furthermore, in eastern countries, SLT is
commonly used in combination with betel leaf, areca
nut, and powdered slaked lime.!

Twenty of the 21 available studies are of the case-
control type. These provide RR estimates (or data that
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allow RRs to be estimated) for cancers of several
anatomic sites. The Mantel-Haenszel summary odds
ratio®* was used to estimate the pooled RR for cancer
of each anatomic site related to each type of SLT. The
95% 2-sided confidence interval (Cl) of each RR was
estimated using the test-based interval estimator.25
Two-tailed P values were obtained from the Mantel-
Haenszel summary chi-square statistic.

SMOKELESS TOBACCO TYPES

Three types of SLT commonly are used in the oral
cavity.?6 Chewing tobacco is air-cured tobacco that is
shredded into flakes and treated with sweet flavoring
solutions; moist snuff consists of fire- and air-cured
dark tobaccos that are finely cut and fermented; dry
snuff is a fire-cured tobacco that is pulverized into
powder. Chewing tobacco and moist snuff are used
primarily by men, whereas dry snuff is used by women,
especially in the southern United States.2728 All prod-
ucts are placed in contact with the oral mucosa, usually
in the cheek or between the cheek and gum. We also
present data for a fourth exposure category, SLT
unspecified with respect to type, because the type of
SLT used could not be determined in several studies.

CANCER OF THE ORAL CAVITY AND OTHER
SITES

Oral cavity cancer (OCC) designates cancer of the
tongue (Intemational Classification of Diseases, Ninth
Edition [ICD-9] code 141), gum (143), floor of the
mouth (144), or of other or unspecified parts of the

511
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Table 1. Characteristics of epidemiologic studies of smokeless tobacco and several forms of head and neck cancer
— e
Reference number First author Year Cases/controls Tobacco rype
3 Wynder 1957A 27115 ST
4 Wynder 19578 4121207 ST
5 Peacock 1960 4s/146 ST
6 Vogler 1962 324/693 CT. DS
7 Vincent 1963 89/100 ST
8 Martinez 1969 17/s10 8T
9 = Williams 1977 - " ST
10 Wynder 1977 9782560 CT, Ms
11 Browne 1977 46/92 CT
12 Winn 1581 132274 DS
13 Stockwell 1986 : Sy
14 i Blot 1988 111471268 M CT. DS
is Spitz 1988 131131 MS, CT
16 Maden 1992 1317136 ST
17 Zahm 1992 * ST
18 Mashberg 1993 3592280 ST.CT. Ms
19 Kabat 1994 15602948 CT. Ms, DS
20 Muscat 1996 1009/923 MS. CT
21 Schildt 1998 354/354 MS, CT
2 Schwartz 1998 165/302 ST
23 Lewin 1998 423550 MS

ST, Smokeless tobacco-unspecified; €T, chewing tobacco; DS, dry snuff; MS, moist snuff

“These studies provided relative nsk estimates, but no case-control enumerations.

mouth (145). Code 145 includes the cheek, vestibule,
palate, uvula, and retromolar region. Cancer of the lip
(140) was excluded from all but 5 studies®.8.10.17.21 554
cancer of the major salivary glands (142) from all but
two studies.0.17

Cancer of the pharynx includes cancer of the
oropharynx (146) and hypopharynx (148) but excludes
cancer of the nasopharynx (147). However, in 3
studies, 81917 data for cancer of the nasopharynx could
not be separated from that for other pharynx sites.
Some studies provided data specific for cancer of the
larynx (161), whereas others did not separate it from
cancer of the oral cavity and pharynx.

FINDINGS BY TYPE OF SIT

For each study reviewed, Table | lists the first author,
year of publication, number of cases and controls, and
the types of SLT for which data are provided. Eight
studies appeared in the 1990s, twice as many as
appeared in any other decade.

Eighteen case-control studies supplied data that were
used in at least 1 of the summary RRs. The remaining
3 studies provided an RR estimate but no primary data;
they are described separately. Summary RRs for the 4
categories of SLT and several forms of cancer are given
in Table 11.

Chewing tobacco
Eight studies contributed 1o summary RRs for use of
chewing tobacco. For OCC, the summary RR of 0.6

(95% CI = 0.3-1.3) was derived from 2 studies. For
cancer of the oral cavity/pharynx, the su RR was
1.1(0.8-1.6). The RR was 1.3 (0.9-1.8) for cancer of the
larynx and 1.7 (1.2-2.4) for the combined disease entity
oral cavity/pharynx/larynx. For all sites combined, the
summary RR for chewing tobacco was 1.2 (1.0-1.4).

Moist snuff

Five studies specified RRs for various forms of cancer
among moist-snuff users. The RRs ranged from 0.7 both
for cancer of the pharynx (0.4-1.4) and for oral
cavity/pharynx (0.4-1.2) 10 1.2 (0.9-1.7) for cancer of the
larynx. For all sites combined, the RR was 1.0 (0.8-1.2).

Dry snuff

Four studies provided RRs for cancer related 1o dry
snuff use. Data from 3 yielded a summary RR of 4.0 (2.7-
5.9) for cancer of the oral cavity and pharynx combined.
The fourth study reported an RR of 13(8.0-21) for cancer
of the oral cavity, pharynx and larynx combined. The
overall RR for all sites combined was 5.9 (1.7-20).

One OCC subsite, gingiva and buccal mucosa (not
included in Table I1), is of special interest because it is
the location where SLT products are held. One study 12
reported a RR of 26 (7.6-92) for cancer of the gingival
and buccal mucosa among dry-snuff users,

SLT-unspecified
Seven studies contributed to the summary RRs for use
of SLT unspecified as to type. OCC was evaluated in 4
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Table 11. Relative risk of several forms of cancer according 1o type of smokeless tobacco product used

Form of cancer CT MS DS SLT-unspecified
Oral cavity

No. of studies 2 2 - 4
Cases/controls 283/296 482/995 - 581/798
Relative nsk 0.6 Kl — 28
95% Confidence interval 03-13 08-16 - 1.9-4.1
References 11,21 21,23 — 4578
Pharynx ~ - -
No. of studies - 1 — 3
Cases/controls — 138/641 — 169/472
Relative nisk — 0.7 — 23
Confidence }ntmal - 0414 | — 1.2-44
References - 23 — 478
Oral/pharynx

No. of studies 4 3 3 3
Cases/controls 2113/4454 1682/3931 298/947 6552718
Relative risk 1.1 0.7 4.0 15
Confidence interval 08-1.6 0.4-12 2.7-59 1.1-20
References 10,14,19,20 10,19,20 12,1419 16,18,22
Larynx

No. of studies 1 2 —_ 1
Cases/controls 38772560 544/3201 - 23/100
Relative risk 13 1.2 — 1.8
Confidence interval 09-18 09-1.7 — 0393
References 10 1023 — 7
Oral/pharynx/larynx

No. of studies 2 —_ 1 —
Cases/controls 362457 — 93/393 —
Relative nsk 1.7 — 13 —
Confidence interval 12-24 — 8.0-20 St
References 6,15 6 —_
All sites

No. of studies 8 5 4 7
Cases/controls 3145/5245 2846/4926 391/1340 1428/3681
Relative nsk 1.2 10 5.9 19
Confidence interval 1.0-1.4 0.8-1.2 1.7-20 1.5-23

€T, chewing tobacco, MS, mowst snuff, DS, dry snuff, SLT, smokeless tobacco.

studies, yielding a staustically significant RR of 2.8
(1.9-4.1). RRs for cancer of the pharynx (2.3) and of the
oral cavity and pharynx combined (1.5) were lower than
that for OCC, but both were statistically significant. A
single study reported elevated RRs for cancer of the
larynx (1.8, 0.3-9.3). For all cancers combined, the 7
studies yielded a summary RR of 1.9 (1.5-2.3).

Two studies34 reported a combined RR of 2.3 (1.3-
4.1) for cancer of the gingival and buccal mucosa in

users of SLT-unspecified.

OTHER FINDINGS
Three studies that reported relevant RRs did not

provide primary data. so they could not be included
the summary RRs. Williams and Horm? reported RRs

for users of SLT-unspecified for OCC (RR = approxi-
mately 5, CI not available), pharynx (0.7), and larynx
(2.0). Stockwell and Lyman'3 reported RRs for users of
SLT-unspecified: oral cavity (11.2, 4.1-31), pharynx
(4.1, 0.9-18), and larynx (7.3, 2.9-18). Data from the
one retrospective follow-up study!? could not be
combined with those from the case-control studies.
This study reported a standardized mortality ratio of
3.0(2.0-4.5) for OCC and 8.7 (4.1-18) for cancer of the
pharynx among users of SLT-unspecitied.

Two studies contributed data to some summary RRs
and also reported other findings that could not be
included. Spitz et al' reported a RR of 3.4 (1.0-11) for
cancers of the oral cavity, pharynx, and larynx
combined among moist-snuff users. Mashberg et al1®
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reported on cancer of the oral cavity and pharynx
among users of moist snuff (0.8, 0.4-] -9) and chewing
tobacco (1.0, 0.7-1.4).

DISCUSSION

This review indicates that the increased risks of
cancers of the upper respiratory tract associated with
the use of SLT generally are modest and differ
depending on the type of product used. The lowest RRs
are found among users of chewing tobacco (0.6-1.7)
and among users of moist snuff (0.7-1.2). Users of dry
snuff have higher risks, with RRs from about 4 10 15,
Risks are intermediatefor SLT-unspecified, possibly
reflecting use of either the lower- or higher-risk prod-
ucts among different individuals,

The distinctive risk profiles of moist snuff and
chewing tobacco on the one hand, and dry snuff on the
other, have gone largely unnoticed. One article?? did
suggest that the use of chewing tobacco may be associ-
ated with a lower risk of oral cancer than is the use of
snuff. No distinction in risks has been made previously
between dry snuff and moist snuff, even though these
products differ considerably. For this review, however,
we separated dry snuff as a distinct exposure because it
is essentially the only SLT product used by women,
especially in the southern United States 27.28

A strength of the data available now 1s that because
most of the summary RRs presented are based on
rather large numbers of cases and controls, they are
reasonably precise. However, most of the studies do
have limitations. The majority of them did not control
confounding by 2 strong determinants of oral cancer,
cigarette smoking and alcohol use. Seven studies
partially  controlled for smoking 8.9.12.14.19.21 .23
Confounding by smoking would occur if SLT users
smoke more than do nonusers. On the other hand,
negative confounding is plausible and would occur if
smoking rates are lower among SLT users than among
nonusers. Three studies!2.21.23 conrolled for alcohol
use, where only positive confounding is likely. Control
for alcohol consumption probably would have reduced
somewhat many of the RRs presented.

Another limitation of these studies, and this area of
research, is the lack of clarity with regard to the
anatomic sites studied. Although the major site of
interest in epidemiologic studies of SLT js the oral
cavity, in many studies RRs were reported only for
cancers of the oral cavity and pharynx combined, or
cven for the oral cavity, pharynx, and larynx combined.
Nomenclature was not particularly consistent, even for
such a seemingly well-defined entity as OCC. For
example, although most studies used the same subsites
to comprise OCC, 5 included the lips, major salivary
glands, or both 63.101721 Fyrthermore, 4 studies12.1620.22

vl [
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specify oral cancer in their titles but in fact report on
cancer of the oral cavity and pharynx combined. Future
studies should provide data for specified subsites in
addition to designating SLT product types. However,
even with these limitations, there s reasonable consis-
tency among the results of these studies that span 45
years.

Twenty-nine reviews or broadly based articles published -
since 1985 have discussed oral cancer and SLT yse.
Surprisingly, all of these cited 6 or fewer of the relevant
epidemiologic studies, and few presented acrual risk
estimates. Rather, they focused on issues such as the i
ingxiation and prevalence of SLT use. Although these
are genuine public health concemns, the abundance of
data now available indicates that commonly used SLT
products increase the risk of oral and upper respiratory
tract cancers only minimally.
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Smokeless tobacco and increased risk of hypopharyngeal and laryngeal cancers:

A multicentric case—control
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Hypopharyngeal and laryngeal cancers are among the most com-
mon cancers in India. In addition to smoking, tobacco chewing
may be a major risk factor for some of these cancers in India.
Using data from a multicentric case—control study conducted in
hypopharyngeal cancer cases, 511 laryn-
geal cancer cases and 718 controls, we investigated smoking and
chewing tobacco products as risk factors for these cancers. Bidi
smoking was a stronger risk factor compared to cigarette smoking
for cancer of the hypopharynx (OR,,,. 6.80 ys. OR,;, 3.82) and
supraglottis (ORy,,, 7.53 vs. OR.. 2.14), while the effect of the 2
products was similar for cancer of the glottis (ORy,,4 5.32 vs. OR,;,
5.74). Among never-smokers, tobacco chewing was a risk factor
for hypopharyngeal cancer, but not for laryngeal cancer. In par-
ticular, the risk of hypopharyngeal cancer increased with the use
of Khaini (OR 2.02, C] 0.81-5.05), Mawa (OR 3.17, CI 1.06-9.53),
Pan (OR 3.34, CI 1.68-6.61), Zarda (OR 358, CI 1.20-10.68) and
Gutkha (OR 4.59, C1 1.21-17.49). A strong dose-response relation-
ship was observed between chewing frequency and the risk of
hypopharyngeal cancer (Ptrena < 0.001). An effect of alcohol on
cancer of the hypopharynx and supraglottis was observed only
among daily drinkers (OR 2.22, CI 1.11-4.45 and OR 3.76, C1
1.25-11.30, respectively). In summary, this study shows that chew-
ing tobacco products commercially available in India are risk fac-
tors for hypopharyngeal cancer, and that the potency of Bidi
smoking may be higher than that of cigarette smoking for hypo-
pharyngeal and laryngeal cancers.

© 2007 Wiley-Liss, Inc.

Key words: smokeless tobacco; chewing tobacco: hypopharyngeal
cancer; laryngeal cancer, India: betel quid; pan; khaini; mawa; zarda:
gutkha; snuff

An increasing trend in mortality from head and neck cancers
has been observed in Europe and Asia. In India alone, over 75,000
people are diagnosed with pharyngeal and laryngeal cancers each
year.' Despite advancements in treatment protocols, the S-year
survival rate still remains around 50%.° The major risk factors for
pharyngeal and laryngeal cancers are tobacco smoking,* © alcohol
drinking”'? and tobacco chewing *® '+

Tobacco chewing is a common habit in India, which has been
growing consistently over the past few decades OWINg 10 success-
ful marketing and packaging that allows for easier use.'® More
alarmingly, its popularity continues 10 grow, especially among the
most vulnerable populations, such as children, teenagers and preg
nant women.'® There are various forms of chewing tobacco that
are used in India,*'®'” of which Pan 15 one of the most common,
Pan is a mixture of areca nul, catechu (areca catechu), slaked lime,
tobacco and additional spices, wrapped in a betel leaf 31817
Although Pan can also be made without tobacco, most habitual
chewers in India tend 1o include tobacco !’ Other chewing tobacco
products commonly used in India include Khaini (a mixture of
tobacco and slaked lime), Mawa (tobacco, areca nut and slaked
lime), Gutkha (tobacco, catechu, areca nut and slaked lime) and
Zarda (tobacco and slaked lime)® Although not as common as
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Recently, betel quid with and without tobacco, along with areca
nut, has been classified as a known human carcinogen by the Inter-
national Agency for Research on Cancer, i i
observed for cancers of the pharynx and
ied data exist on other chewing products commercially available
in India. Similarly, the

cancers associated with smoking,
tobacco products used in India.

Methods

consumption habits, OIS, occupation, residential history
and usage of different chewing products available locally.

Of the 1.062 head and

024 eligible
cases, 513 were hypopharyngeal cancer cases (ICDO-2 codes C12
and C13) and 511 were laryngeal cancer cases (ICDO-2 codes:
C32.0 (glowis - 178), C32.1 (supraglottis 120) and C32.2-
C32.9 (other larynx 213)). Of the 213 other laryngeal cancer
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TABLE | - DEMOGRAPHIC CHARACTERISTICS OF THE STUDY POPULATION

Controls Hypopharynx Glois Supraglottis Laryna_other
N & N % N % N = N L 3
Total 718 513 178 120 213
Centre
Ahemdabad 203 283 222 433 58 326 86 717 69 324
Bhopal 73102 21 4.1 s 28 2 1.7 40 188
Calcutta 110 153 117 228 47 264 2 1.7 70 329
sc(.‘hen.ni 332 462 153 298 68 382 30 250 34 160
X
Male 607 845 430 838 170 955 111 925 197 925
Female = 1m 155 83 162 8 a5 9 75 - 16 15
Age
<34 76 106 20 39 13 73 2 1.7 9 42
35-44 156 217 54 105 12 6.7 10 83 10 4.7
45-54 230 320 158 308 46 258 29 242 59 217
55-64 182 253 163 318 66 371 51 425 70 329
65-74 I 68 95 91 177 30 169 23 192 ! 53 249
>75 6 08 27 53 1 6.2 5 42 12 56
SES category
Low 60 84- 128 253 28 163 33 280 36 169
Low medium 195 272 232 459 77 448 s6 4715 76 357
High mediom 216  30.1 107 212 35 203 25 212 71 333
High 247 344 8 15 32 186 4 34 22 103
Religion
Hindu 634 883 427 846 155 901 108 915 184 864
Christian 25 35 16 32 5 29 1 08 3 14
Muslim 47 6.5 66 13.1 18 105 10 85 25 117
Other 12 1.7 4 08 0 00 1 08 1 0.5

cases, the majority (84%) had a cancer in an unspecified part of
the larynx (ICDO-2 code 32.9) and the remaining 16% were char-
acterized by a combination of overlapping regions of the larynx
and subglottis (ICDO-2 codes C32.8, €32.2 and C32.3). Separate
analyses were conducted for different sites within the larynx
(glottis, supraglottis and other larynx) whenever possible, excepl
in instances where the numbers were too small. In such instances,
an overall analysis was conducted for laryngeal cancer that com-
bined the aforementioned 3 subcategories. Altogether, 90% of the
1,024 cases were squamous cell carcinomas.

Ever-smokers were defined as individuals who smoked at least
S0 cigarettes over a 6-month period, while ever-chewers and ever-
drinkers were defined as those who chewed tobacco products or
drank alcohol at least once a week for a minimum of 6 months.
Cumulative tobacco consumption was calculated after assigning a
cigarette-equivalent value of 0.5, 1 and 2 10 | Bidi, cigarette and
cigar/cheroot, respectively,”™'® and multiplying the number of
cigarette-equivalents by the years of smoking. To create a compos-
ite socioeconomic status (SES) variable, we assigned a score of 1-
5 for level of education; monthly family income and crowdedness
at home (number of people per room). A composite SES variable
was created by summing up the score and dividing it into distinct
categories. For the product specific analysis of chewing tobacco,
individuals were assigned to the product they reported using for
the longest duration, if they used more than | chewing products.

Statistical analysis

Statistical analyses were performed using STATA, version 8
(Stata, College Station, TX). Odds ratios (ORs) and the corre-
sponding 95% confidence intervals (Cls) for each nisk factor under
consideration were estimated using unconditional logistic regres-
sion models after adjusting for age (continuous), sex, participating
center, SES (categorical) and cumulative tobacco consumption
{pack years, continuous). Tests for linear trends were performed
by treating the categorical vanables as continuous predictors in
the logistic regression models.

Results

The majority of partictpants in the study were men as shown
in Table I. The proportion of female cases ranged from 4.5% for

cancer of the glotuis to 16.2% for hypopharyngeal cancer, com-
pared to 15.5% among controls. In general, controls were of
slightly higher SES status compared to cases, while the majority
of both cases and controls were Hindus.

Ever smoking was associated with increased nisks of all types of
cancer considered (Table II), with odds ratios ranging from 5.35
(glottis) 1o 8.28 (other larynx). Analyses based on types of tobacco
product smoked showed that Bidi smokers may have a higher risk
of hypopharyngeal cancer (OR 6.80, C1 4.64-9.97) compared to
cigarette smokers (OR 3.82, Cl 2.32-6.29). Similar results were
observed for cancer of the supraglottis (ORy.q4, 7.53, Cl 3.84—
14.74, OR,;arenie 214, C1 0.63-7.30). In contrast, comparable nisk
estimates were observed among cigarette smokers and Bidi smok-
ers for cancer of the glottis (OR,4, 5.32, C1 3.18-8.90, OR_ garcqc
5.74, C1 3.20-10.31). A strong dose response relationship was
observed, based on duration as well as frequency of Bidi smoking
for all types of cancer considered (p,.ng < 0.001). Similar dose
response relationships were also observed with cigaretie smoking
for cancer of the hypopharynx and glottis.

An increased nsk of hypopharyngeal cancer (Table 111) was
observed among tobacco snuffers (OR 2.25, C1 0.99-5.13). When
the analysis was restricted to never smokers, the risk was still evi-
dent (OR 2.85, CI 1.15-7.08). In conirast, there was no increased
nisk of laryngeal cancers associated with tobacco snuffing. A mod-
erate increase in the risk of hypopharyngeal cancer was observed
among chewers of both nontobacco (OR 1.95, CI 0.96-3.97) and
tobacco (OR 1.51, C1 1.08-2.11) products. When the analysis was
restricted 10 never-smokers, the nsk associated with chewing non-
tobacco product was not apparent (OR 1.21, CI 0.39-3.78), while
that associated with chewing tobacco products increased in magni-
tude (OR 3.18, Cl 1.92-5.27). In contrast, no association was
observed between tobacco chewing and the risk of laryngeal can-
cer (OR 0.75, C1 0.52-1.70 for all individuals, OR 095, CI 0.52-
1.73 for never smokers).

A more detailed analysis was conducted 1o evaluate hypophar-
yngeal and laryngeal cancer nisk associated with various chewing
products commonly used in India (Table IV). An increased risk of
hypopharyngeal cancer was observed among those who reported
chewing Zarda (OR 2.23, CI 1.11-4.50). In general, no increased
risk of laryngeal cancer was observed for the individual chewing
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TABLE 11 = SMOKING HAHITS AND PRODUCTS AND THE RISK OF HYPOPHARYNGEAL AND LARYNGEAL CANCERS

CTRL o Mypophaym S . e ) Supraglowis Laryn_other
s s O I cs OR C1 Cs OR a__ cs OK C1
Ever smoke
No 457 149 1.00 37 1.00 21 1.00 39 1.00
Yey 261 364 5.66 (3.99-8.02) 141 5.35 (3.40-8.42) 99 6.69 (3.50-12,77) 174 B.28 (5.02-13.67)
Smoking product
Never 457 14y 1.00 37 1.00 73 1.00 39 1.00
Cigerette 104 48 382 (2.32-6.29) 37 5.74 (3.20-10.31) 4 214 (0.63-7.30) 20 5.06 (2.50-10.26)
Bid 113 278 6.80 (4.64-9.97) 87 5.32 (3.18-8.90) K3 7.53 (3.84~14.74) 129 9.61 (5.65-16.35)
Cigerette and bid 33 23 474 (2.42-9.29) 1 5.42 (2.37-12.39) 9 15,92 (5.46-46,45) 17 9.52 (4.15-21.85)
Other 11 13 4.21 (1.69-10,47) 6 347 (1.14=10.60) ‘) 424 (0.81-22.20) 7 5.88 (1.85-18.50)
Frequeney of cigaretre smoking
0 457 151 1.00 37 1.00 21 1.00 - 40 v 1.00
=10 per day 79 24 247 (1.34-4 54 24 174 (1.96-7.13) 2 1.33 (0.27-6.65) 8 2.57 (1.05-6.32)
= 10-20 per day 19 ] 524 (2.19-12.53) 12 6.63 (2.60-16.92) I 4.28 (0.45-40.72) 10 10.95 (3.94-30).400
»20 per day 6 9 9.75 (2.95-32.22) | 1.94 (0.20~18.58) [ 6.55 (0.46-92,57) 2 7.05 (1.12-44.46)
Pirend <0.00] <000 0.09 <0.00]
Duration of cigarette smoking
0 years 457 151 1.00 37 1.00 21 1.on 40 1.0n
I=15 years 44 4 LIS (0.36-3.64) 9 3.35 (1.36-8.23) 0 - 2 1.50 (0.32-7.06)
«15-30 years 5 2] 477 (2.41-9.48) 9 3.2s (1.36-7.79) 2 in (0.73-19,54) 7 4.5] (1.61-12.61)
> M) years 25 23 4.26 (2.05-8.87) 19 5.71 (2.55-12.81) 2 2.16 (0.39-11.85) 11 .64 (2.65~16.64)
e <0.001 <0.001 0.17 <0.001
Frequency of bidi smoking
0 457 151 1.00 37 1.060) 21 1.00 40 1.00
1-10 per day 62 35 2.83 (1.73-4.,63) 15 2.01 (0.96-4.20) 14 3.07 (1.29-7.33) 20 2.82 (1.40-5.67)
> 10=20) per day 25 73 9.45 (5.32-16.78) 18 5.31 (2.42-11.63) 16 7.25 (2.77-18.94) 3K 11.94 (5.74-24 84)
>20 per day 26 150 17.13 (9.97-29.44) 54 14.59 (7.47-28.50) 53 20.31 (9.10-45.31) 71 2471 (12,56-48.61)
Prcna <0.001 <0.001 <0.001 <0.001
Duration of bids smoking
0 years 457 151 1.00 3 1.00 21 1.00 40 1.00
1-15 years 16 26 6.35 (3.02-13.33) 6 337 (1.15-9.90) 5 5.09 (1.43-18.16% 2 tlsa (0.32-7.53)
>15-30 years 43 70 5.51 (3.31-9.16) 19 3.96 (1.91-8.19) 19 6.04 (2.54-14.35) 32 7.16 (3.60-14.23)
>30 years 54 182 9.22 (5.78-14.73) 62 1,76 (4.16-14.47) 59 11.04 (5.10-23.91) 95 12,99 (7.14-23.61)
Pleend <0.001 «<0.001 <0.001 <0.001

YIANT NI ¥EONVD IVIONANYT ANV TVIONANVHIOIAH

Adjosted for center, nge, sex, SES, alcohol consumption, tobacco snuffing and tobacco chewing,

seLl
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TABLE I - SNUFFING AND CHEWING HABITS AND THE RISK OF HYPOPHARYNGEAL
AND LARYNGEAL C

Snuf Chew Chew CTRI Hypopharyn Laryms
"€ nomobacco prd.  tobaceo Cae OR 95% C1 Case OR 95% Cl
All Individuals*®
= = = 547 331 1.0 386 1.00
+ - - 12 25 225 (0.99-5.13) 9 126 (D46-3.42)
- + - 24 23 195 (0.96-397) 13 082 (D.36-1.91)
- - + 133 130 1.51 (1.08-2.11) 93 0.75 (052-1.70)
Never Smokers™
R - - = 346 71 1 67 |1
+ - = 11 17 285 (1.15-7.08) 7 1.73 (059-5.05)
= + 17 5 1.21 (039-3.78) 1 031 (0.04-246)
- - + 82 55 3.8 (192-5.27) 20 095 (052-1.73)

“Catagories are mutually exclusive—"Adjustd for

tobacco pack years.—“Adjustd for ?cmcr. age, sex, SES and alcohol consumption.

center, age, sex, SES, alcohol consumption and

{

TABLE 1V - CHEWING TOBACCO PRODUCTS AND RISK HYPOPHARYNGEAL AND LARYNGEAL CANCERS

CTRI Hypopharynx Larynx
I - S S S . SR . SN | S
All individuals*”
Chewing tobacco products
Never” 585 380 1.00 413 1.00
Khaini 37 21 0.74 (0.39-1.42) 29 0.79 (0.43-1.44)
Zarda 16 32 25 (1.11-4.50) 19 0.81 (0.36-1.78)
Mawa 20 2 1.33 (0.61-2.89) 13 0.59 (0.25-1.45)
Pan 42 35 1.65 (0.96-2.85) 20 0.82 (0.43-1.55)
Gutkha 15 16 1.35 (0.56-3.27) 15 1.11 (0.45-2.74)
No. of 1ob prod. chewed/day
0" 585 379 1 150 1
1-3 48 48 1.35 (D.83-2.19) 36 0.78 (0.45-1.34)
>3 85 86 1.58 (1.06-2.35) 60 0.80 (0.52-1.22)
Pricad 0.017 022
Never smokers only™
Chewing tobacco products
Never* 375 93 1.00 75 1.00
Khaim 23 10 2.02 (0.81-5.03) 6 1.06 (0.39-2.90)
Zarda 9 8 3.58 (1.20-10.68) 1 0.36 (0.04-3.07)
Mawa 13 6 317 (1.06-9.53) 3 098 (0.26-3.75)
Pan 28 26 334 (1.68-6.61) 7 1.06 (0.43-2.62)
Gutkha 6 5 4.59 (1.21-17.49) 4 2.55 (0.62-10.44)
No. of tob prod. chewed/day
0" 375 93 1 5 1
1-3 25 17 258 (1.24-5.37) 5 0.72 (0.25-2.02)
>3 57 39 348 (1.96-6.20) 16 1.19 (0.62-2.29)
Pirena <0.001 0.72

"Adjusted for center, age, sex, SES, alcohol consumpuon tobacco snuffing and tobacco pack years ~"Pro-
duct catagories are mutually exclusive.—“Reference category .~ Adjusted for center, age, sex, SES, alcohol

consumption and tobacco snuffing.

products. When the analysis was restricted to never-smokers, an
increased risk of hypopharyngeal cancer was observed for all indi-
vidual tobacco products considered. The product specific ORs
were: 2.02 (Cl 0.81-5.05) for Khaini, 3.17 (CI 1.06-9.53) for
Mawa, 3.34 (Cl 1.68-6.61) for Pan, 3.58 (CI 1.20-10.68) for
Zarda and 4.59 (C1 1.21-17.49) for Guikha, respectively. In con-
trast, no product specific risks were observed for laryngeal cancers
among never smokers (Table 1V). Analysis based on frequency of
tobacco chewing showed that increasing frequency of chewing
was associated with increasing nisk of hypopharyngeal cancer
(Puens = 0.017), with a stronger dose response observed among
never-smokers (Pueas < 0.001). However, such a relationship was
absent for laryngeal cancers.

In this study population, increased risk of hypopharyngeal and
laryngeal cancers were nol observed among ever drinkers of
alcoholic beverages (Table V). When frequency of alcohol con-
sumption was considered, an increased nsk of the cancers of
supraglottis (OR 3.76, C1 1.25-11.30) and hypopharynx {OR 2.22,
CI 1.11-4.45) were observed among those who reported consum-

ing alcohol daily, with a clear dose response for cancer of the
supraglottis (Preas = 0.02). However, duration of alcohol con-
sumption was not associated with increased nisk, except for other
laryngeal cancers, where long duration (=20 years) of consump-
tion was associated with a moderate increase in risk (OR1.63, Cl
1.00-2.69).

Discussion

The growing use of chewing tobacco products in India is alarm-
ing and represents a major public health concemn. Every year, over
160,000 people are diagnosed with UADT cancers in India,' and
these numbers will continue to grow in the foreseeable future.
Therefore, understanding the nisks associated with alcohol dnnking
as well as chewing and snuffing of tobacco products, in addition to
smoking, 1s wnportant and dissipating such knowledge to general
public to avoid future burden of these disease 1s even more critical

In this study population, the strength of association for cigarette
smoking vanied by cancer site, with ORs ranging from 2.14 for
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TABLE V - ALCOHOL CONSUMPTION AND RISK OF HYPOPHARYNGEAL AND LARYNGEAL CANCERS
C;-_w;u Hypopharynx o Glomis Supraglottis Laryna_other =
(A s or 95% C1 s or 95% C1 S OR 95% C1 s Or 95% C1
Alcohol consumption
Never 580 393 100 135 1.00 88 1.00 148  1.00
Ever 138119 090 (063-130) 42 09 (057-1.45) 32 157 (0.84-292) 65 131 (0.83-205)
Frequency
Never 580 393 1.00 135 100 88 1.00 148 1.00
<Once a week 60 23 047 (0.26-0.87) 18 102 (053] 95) 7 091 (033-2.54) 13 081 (038 70y
<Daily 51 49 097 (059-159) 13 066 (032-1.35) 12 163 (07 1-3.74) 32 136 (0.74-2.42)
Daily 17 42 222 (1.1 1-4.45) 10 146 0.56-382) 11 376 (1.25-11.30) L 220 (0.84-561 )
Piiena 0.24 0.84 0.02 0.1
tion
Never 581 393 100 135 1.00 89  1.00 148 1.00
<20 years 70 26 0. (037-1.16) 12 082 (0.39- 1.72) 6 122 (043-352) 10 074 (032 70)
>20 years 67 94 110 (0.72-1.69) 31 097 (0.56-1.68) 25 176 (0.88-3.53) 55 1.63 (1.00-2.69)
P"i 0 0.92 i 083 011 { 0.08

Adjusted for center, age, sex, SES, tobacco snuffing, tobacco chewing and tobacco pack years.

supraglottis to 5.74 for glottis. Similarly, odds ratios for Bidi
smoking ranged from 5.32 for cancer of glottis to 9.61 for other la-
ryngeal cancer. The highest differences in ORs between cigarelte
and Bidi smoking was observed for cancer of the supraglottis
(ORciparcrie 2.14 v5. ORyy, 7.56).

Tobacco snuffing was an independent risk factor for hypophar-
yngeal cancer, wiih higher magnitude of risk observed among
never-smokers (Table 11I). There was no clear association
between tobacco snuffing and risk of laryngeal cancer, even
among the never-smokers. While chewing nontobacco products
appeared 1o be a risk factor for hypopharyngeal cancer, the appa-
rent lack of risk observed in never-smokers indicates that the
observed risk in the overall population may be due 10 residual
confounding from smoking. In contrast, chewing tobacco product
was an independent risk factor for hypopharyngeal cancer, as evi-
denced by the increased risk observed among overall study popu-
lation as well as among never-smokers, with a clear dose response
relationship.

However, there was no increased risk of laryngeal cancer
associated with tobacco chewing for all individuals as well as
among never smokers. Based on the analysis conducted among
never-smokers, all types of chewing products containing tobacco
were risk factors for hypopharyngeal cancer in this study popula-
tion (Table 1V). The magnitude of risk was comparable across
the various chewing products, with the odds ratios ranging from
2.02 for Khaini 1o 4.61 for Gutkha. The risk associated with
chewing various tobacco products was further substantiated by
the dose response relationship observed for frequency of tobacco
chewing and the risk of hypopharyngeal cancer, among never-
smokers. There was no appareni increase in risk of laryngeal
cancer associated with the individual chewing products in this
study. This was true even when the analysis was restricted
among never smokers.

In this study population, we observed a consistent risk of hypo-
pharyngeal cancer associated with tobacco chewing and tobacco
snuffing. Equally consistent was the lack of risk of laryngeal can-
cer associated with these 2 habits. The lack of risk of laryngeal
cancer observed in this study, is consistent with what has been
reported previously.'™™ However, additional mechanistic studies
are needed to understand why chewing tobacco product is such a
strong risk factor for hypopharyngeal but not for laryngeal can-
cers, considering the close proximity of the 2 sites. However,
given the consistent results, a plausible hypothesis is that a direct
and prolonged contact is necessary for the effect of chewing
lobacco to manifest,

Alcohol consumption has been linked 10 increased risk of laryn-
geal and pharyngeal cancer in India previously. 2! I (his study,
an increased risk of hypopharyngeal cancer and cancer of supra-
glottis were observed only among those who drank daily, afies
adjusting for smoking and tobacco chewing. However, the lack of

association observed among individuals who drink less than daily
as well as the duration of drinking is not clear.

There are several strengths of this study including the large
sample size and multicentric study design. This study was con-

interest (tobacco chewing), as well as the outcomes of interest
(hypopharyngeal and laryngeal cancer), and provides product spe-
cific nsk estimates for the first time. In addition, very few studies
have explored the relationship between snuffing 1
risk of hypopharyngeal and laryngeal cancer in India. A potential
limitation of this study is the €xposure misclassification between
various chewing tobacco products. Individuals may not always
recall the different type of tobacco products they consumed over

changed considerably. But the misclassification between different
chewing tobacco products is likely to be nondifferential, thus
attenuating the odds ratios. Another potential concern includes re-
sidual confounding by smoking, which we tried to address by
restricting the analysis to never-smokers, whenever possible,
Additionally, the proportion of female study participants is rather
low (~12%) in this study, which exciuded the possibility of
restricting the analyses to women only, 10 evaluate gender differ.
ences in risks associated with the habit of tobacco chewing.

Results from this study suggesi that 1obacco chewing is an inde-
pendent risk I'ac_lorlfor hypopharyngeal cancer, in the absence of

IS growing in the North American youths as well, owing 1o the
public usage of such products by social models such as professio-
nal athletes.”** The increasing usage of smokeless tobacco prod-
ucts combined with the ill-perceived notion thar it 1s a relatively
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Abstract ;
i

i
A case-control study of cancer of the larynx was carried out in Kerala, Southern India, o

n 191
male cancer cases and 549 male hospital-based controls. Risk factors investigated were

pan(betel)-tobacco chewing,

bidi and cigarette smoking, drinking alcohol and inhaling snuff,
Signifi

cant positive associations with risk were observed for bidi smoking (p less than 0.001),

bidi and cigarette smoking (p less than 0.001) and drinking alcohol (p less than 0.001). A

predisposing effect of smoking cigarettes alone approached significance (0.1 less than p less than
0.05). What appeared to be an almost significant protective effect of pan-tobacco chewing (0.1
less than p less than 0.05) was found to be an artefact of confounding with smoking, and indeed a
significant predisposing effect was observed of occasional chewing (p less than 0.00] ). After a
stepwise logistic regression to eliminate those factors which were not significant when adjusted
for other factors, significant effects remained of durations of bidj smoking and cigarette

smoking, daily frequency of bidi and cigarette smoking and duration of alcohol drinking.

Relative risks of 7.12, 5.18 and 2.58 were observed for durations of more than 20 years of bidi
smoking, cigarette smoking and drinking alcohol respectively, and a relative risk of 12.68 was
observed for those smoking more than 20 bidis/cigarettes per day, in each case relative 1o a

baseline of those negative for the relevant habit.
PMID: 2335391 [PubMed - indexed for MEDLINE]

Publication Types, MeSH Terms

Publication Types:

Research Support, Non-U S. Gov't
MeSH Terms:

=)

—



Adult

Age Factors

Aged

Alcohol Drinking*

Carcinoma, Squamous Cell/epidemiology
Carcinoma, Squamous Cell/etiology*
Case-Control Studies

Humans -

India

Laryngeal Neoplasms/epidemiology
Laryngeal Neoplagms/etiology* f
Male

Middle Aged

Plants, Toxic*

Religion

Risk Factors

Smoking/adverse effects*

Tobacco*

Tobacco, Smokeless*

LinkOut - more resources

Medical:

Smoking - MedlinePlus Health Information
Smokeless Tobacco - MedlinePlus Health Information

Alcohol - MedlinePlus Health Information




,L[i R g e S
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Introduction

Tobacco use is widely regarded as the most
preventable cause of death and disease among adults
today in the world. WHO has esnmated thar the
excess premature mortality attriburable o tobacco
use (almost all of 1t in the form of cigarette smoking)
amounts to 4 million deaths per year. Specific
esumates are available for industnalized countrics;
for example, Peto et al. esamated that in developed
countries in 1995 there were 2 million smoking-
atmburable deaths and thar the excess mortality rare
(per 100 000) among smokers aged 35-6Y years was
701 for males and 312 for ferales (7). In China, the
current tobacco-artriburable mortality has been
estmated 1o be 12% of adult male deaths, which
corresponds to 700 000 deaths from tobacco use in
the year 2000 (2)

India is the second mos; populous country in
the world, and the third largest producer and
consumer of tobacco. The country has a long history
of tobacco use and a vaniety of wavs of smokeless
tobacco use and smoking, of which cigareties form

! Epidemiology Research Unit, Tata Institute of Fundamental Research.
Mumbai 400 005, india Correspondence should be addressed 1o
Dr Gupta (fax : +91 22 215 2110, email pcgupta@tifr res.n)

Ret. No. 99-0169
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only a2 minor part (3). It has been clearly established
that almost all forms of tobacco use carry senious
health consequences (). However, if the death and
disease burdens from tobacco use mn India are
esumated only from cigarette smoking, the results
may be a gross underestimation (5).

Previous esumates of tobacco-attriburable
mortality in India were based on the results of cohort
studies in rural areas of Emakulam Distner, Kerala
(6), and in Srikakulam Dismrict, Andhra Pradesh (7).
In these studies, cohorts of over 10 000 villagers aged
= 15 years were followed up overa peniod of 10 years
using a house-to-house approach. Thus accurare
estimates of all-cause mortality were obtained,
enabling estimates 10 be made of the relanve nsks
for different kinds of 1obacco use. Using conserva-
tve figures and employing 1986 mortality data for the
whole of India, tobacco-artriburable mortaliry in the
country was estmated to amount to 630 000 deaths
per year (§). Since data on the causes of death were
not available, cause-specific moralies were not
calculated.

With a view to obtaining cause-specific
tobacco-attriburable mortality in India we carried
out cohort study in Mumbaj (9). In this aracle we
report preliminary results on all-cause mortahry
and the relauve nisks for various tvpes of tobaceo
use

¢ Worlg Healtn Organization 2000
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Methods

Mumbai is 2 large (population in 1991: 9925891),
densely populated city (16 461 inhabitants per km?). It
1s divided into three sectors: the main city, the suburbs,
and extended suburbs. The study was confined to the
main city (populanon: 3418089) which 1s the most
densely populated area (48 830 inhabitants per km?).
Since the objecuve was to esnmate adult tobacco-
attnibutable monality, this cohort study was restncted
to individuals aged > 35 years.

Baseline survey
The sampling frame used was the electoral rolls,
which provided the name, age, sex, and address of all
individuals aged > 18 years. The rolls were fairly
complete since almost everyone aged = 18 vears is
entitled to vote and they are updated before every
major clecnon through house-to-house visits.

The clectoral rolls were organized by geogra-
phical areas. The smallest unit was a polling stanon,

Table 1. House-to-house follow-up results in the cohort study,
Mumbai, India

No. of persons

Not available

52 568 (100)°
1096 (2.1)
1029(2.0)

67(0.1)
71(0.1)
122(0.2)
52(0.1)
70(0.1)

51279 (97.6)

5531 (10.5)
136(0.3)

45 748 (87.0)

4358(83)
237(0.5)

38 836(73.9)

2554 (4.9)

* Figures in parentheses are percentages

Fig. 1. Annual mortality rates, by 5-year age intervals, among cohort
study men and women, Mumbai
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generally having about 1000 but sometimes up to 1500
names of individuals aged 2 18 vears. Polling stanons
covering areas that largely conrained apartment
complexes housing upper-middle and nch cdlasses
were not sclected for the study because the residents
did nor perceive any matenial gain from partcipating
and because their secunty precautions caused access
difficuldes for the interviewers. These problems
became apparent dunng the pilot phase of the study.

After sclecting a polling sravon, all individuals
aged = 35 years on the appropnate electoral list were
approached by invesagators for an interview. About
50% of individuals esumated to be thus eligible were
available for the interview. The commonest reasons
for nonavailability were that they had changed their
addreds or the interviewers were refused access by
security personnel in the building (high socio
economic group). Someumes individuals not listed
on the voters’ list were also mterviewed and included
in the sample when they insisted that they were
permanent residents at the address. Such individuals
formed about 5% of the sample. Their residence
status was confirmed by examiming the ranon card
thart 1s issued by the Mumba Mumapal Corporatuon.
Every household keeps such a card because apan
from ennthing the holder to certain food ttems ar
subsidized prices, it serves as a residence card for
access to all ary and state government services.

The mnterviews were conducted between Feb-
ruary 1991 and May 1994 by trained investigators using
handheld computers (electronic dianes). Details of the
survey procedures and baschne characrenstcs of the

cohort have been described elsewhere (9).

Follow-up

Acdve follow-up of the cohort was begun 56 vears
after the iminal survey. The field invesogators were
prowvided wath bsts of names and addresses of cohort
members and were asked to revisit each person. If the
person was alive and available, a face-to-face reinter
wview was conducted. If the person was reported dead,
the date of death was recorded as accurately as
feasible. Permanendy moving out of the ary of
Mumbai was considered to be withdrawal from the

study, and the date of moving out was noted.

Statistical analysis

Mortality rates were calculated using the person-vears
method. For this purpose, the person-months of
follow-up were calculated first. Exact dates were
rounded off to month and vear, then the date of the
baseline interview was subtracied from the date of
withdrawal, 1.e. the date of follow-up interview or the
date of ascertainment that the person was alive for
noninterviewed individuals. For those reported dead,
the date of wathdrawal was the date of death, and for
those reported migrared, the date of migration. In
cases where the exact date was not available, an
appropnate mudpoint was used. The informartion on
age, gtndtx, and detads of tobacco use was abstracted

Bulletin of the Worlc Health Organization, 2000, 78 (7)
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from the bascline dara. Finally, the person-months
were divided by 12 to obtain person-years.

The numerator for the mortality rate was the
number of deaths. For calculating the age-specific
mortality rate, the age ar death was determined using
baseline data. The age-specific mortality rates were
plotted on a semi-log scale. The age-adjusted rates
were obtained by direct adjustment, weighdng by
overall age-specific person-years; thus they are meant
only for internal compansons. Reladve risks were
calculated only from ape-adjusted mortality rates.

The tobacco use analysis was restricted 1o three
categones of individuals: those who did not report
using tobacco in any smokeless or smoking form;
those who reported using smokeless tobacco only;
{and those who reported smoking {sothe of whom

could be smokeless tobacco users as well). The
proporton of past users of tobacco was small, 2.2%,
among women (almost all smokeless tobacco users)
and 4.5% among men (2.8% smokers and 1.7%
smokeless tobacco users) (9);in the analysis they were
combined with current users. In analysing the type of
smokeless (or smoking) tobacco use, different
categories were kept murually exclusive. In the
analysis of data by frequency of daily use of tobacco,
individuals reporting multiple habits were excluded.

Tobacco use

In addition to cigarette smoking, a large vaniety of
tobacco habits are prevalent in Mumbai, with use of
bidis being the commonest. These are cheap smoking
sticks (4-7.5eminlength), handmade by rolling a dried,
rectangular piece of femburni leaf (Drospyros melanoxylon)
with 0.15-0.25 g of sundried, flaked tobacco mnto a
conical shape and secunng 1t with a thread.

In Mumbai the commonest form of smokeless
tobacco 1s mshn, a black powder obtained by roastng
and powdering tobacco. It is applied 1o the gums
using a finger and the habit is generally begun by
using prshr as a dentfrice.

Another common form of smokeless tobacco
use that is prevalent in Mumbar, and also throughout
India, 15 the chewing of betel-quid, a combinanon of
betel leaf, areca nut, slaked lime, tobacco, and
condiments, according to individual preferences.
Other smoking and smokeless tobacco habits com-
mon in Mumbai thar are also prevalent in many other
parts of India have been described clsewhere (3).

Results

Table 1 shows the follow-up results for 52568 in.
dividuals up to January 1999 A (ol of 1096 ad-
dresses could not be locared, corresponding 1o
1029 indwviduals whose residential buildings were
demolished and 67 whose address was not complete
or specific enough for tracing. Mumbai has many old
buildings that are demolished when cither they
become too dangerous to ive 1n or 1o pave the way
for development. Addwonally, 71 ndividuals could
not be idenufied. The follow-up informarion was
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Table 2. Person-years of follow-up and number of deaths in the
cohort study, Mumbai

Men Women Total

-No. of persons 20322 30 957 51279

No. of person-years 113 463 179 905 293 368

No. of deaths 2278 2080 4358

Crude mortality rate 20.1 116 149
(per 1000 per year)

Age-adjusted mortality rate 184 124 149
{per 1000 per year)

Table 3. Person-years, annual mortality rates! and relative risks,

by tobacco use, among cohort study women and men, Mumbai

No tobacco use  Smokeless Smoking
tobacco® -
- Women :
~No: of person-years 64414 114980 511
‘No. of deaths 497 1575 13
- Annual mortality rate {per 1000) 7.6 13.7 254
Crude 99 134 12.7
Age-adjusted
Relative risk 1.0 135 1.28
Noof person-years 27 236 57890 28338
No. of deaths 438 1096 744
 Annual mortality rate (per1000) 161 18.9 263
. Crude 146 178 238
Age-adjusted
Relative risk 1.0 1.22 1.63

* Non-smokers only

Fig. 2. Age-specific mortality rates among male smokers and non-users
of tobacco, cohort study, Mumbai
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invalid for 122 persons. Of these, 52 were reported
dead and 70 had migrated, but their dates of death or
of migration rurmed out to be earlicr than the date of
the interview in the baseline survev. These 1289
(2.4%) persons were excluded from both the
aumerator and the denominator of the mortahny

rates. Of the remaiming 51279 persons who
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Fig. 3. Age-specific mortality rates among a) male and b) female
smokeless tobacco users and non-users of tobacco
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Table 4. Mortality rates and age-adjusted relative risks by type
and frequency of smoking habit among cohort study men, Mumbai

Person-years  Mortality  Age-adjusted Age-adjusted
rate® mortality relative

rate’ risk

Bidis 13 545 324 260 1.78

Cigarettes 13 329 19.2 203 1.39

Bidis + cigarettes 1163 335 325 2.3

Other 281 358 311 2.13

Bidi frequency (per day)

1-5 times 2578 28.7 23.7 1.62

=6 times 10 967 333 27.1 1.86

Cigarette frequency

(per day)

1-5 times 15.7 19.1 1.31

=6 times 1275 221 21.7 1.49

No tebacco use 27 236 16.1 146 1.00

* Per 1000 per annum

contnbuted to the denominator, 5531 could not be
contacted since they had migrated, mostly outside the
studv area. Arrempts were made to determine the
dates of mugranon (since this corresponded 1o the
date ot withdrawal from the study). The dates of

B80

-

{12}

migratnon of 136 individuals could not be deter-
mined, and for these, the midpoint date was used.

Of the 45748 smudy persons, 4358 were
reported to be dead; the dates of death for 237 of
these individuals could not be ascertained and for
these the midpoint was used. During follow-up
38836 persons were reinterviewed, the remaining
2554 being unavailable despite muldple visits.

Table 2 shows the number of person-years and
mortaliry rates by sex. A total of 293 368 person-years
were observed. As in the original cohort, the
male-female rano, both in terms of the number of
indiiduals as well as person-years, was about 2:3.
More deaths were noted among men than women
(2278 vs. 2080), and, the crude mortality rate for men
was nearly twice that for women (20.1 vs. 11.6 per
1000 per annum). After adjustng for age, the mortality
rate among men was about 50% higher than that for
women (18.4 vs. 12.4 per 1000 per annum).

Fig. 1 shows age-specific mornaliry rates for
men and women. The rates for males were higher for
all age groups, but the difterence decreased with age.

Table 3 shows the mortality rates, by tobacco
use, for men and women. The prevalence of smoking
among women was very low, and only a few person-
years (511) and deaths (13) were observed among
women smokers. Among men smokers, the age-
adjusted monaliry rate (based on 744 deaths) was
23.8 per 1000 per annum, whereas the rate among
non-users of tobacco (438 deaths) was 14.6 per 1000
per annum, giving a highly significant relative nsk of
1.63. Smokceless tobacco use was very high among
men and women, the age-adjusted relanve nsk for
men (1096 deaths) being 1.22 and for women
(1575 deaths) 1.35.

Fig. 2 shows the age-specific mortality rates
among male smokers and non-users of tobacco. The
rates among smokers were higher at all ages, but
surpnsingly the difference was higher for lower-age
groups (3554 years).

Fig. 3a and Fig. 3b show for men and women,
respecuvely, the age-specific mortality rates among
smokeless tobacco users compared with non-users ot
tobacco. For women the mortalbty rates among
smokeless tobacco users were higher in all age groups
except the lowest (35-39 years). Among men, except
n the age range 5565 years, mortality rates were
higher among smokeless tobacco users.

Table 4 shows the morality rates among men for
the two major types of smoking habits prevalent in
Mumbar: aigarettes and bidis. The age-adjusted relanve
nsk was 1.39 for cigarertes and 1.78 for bidis. The daily
frequency of smoking was divided into two classes: 1-5
umes and = 6 umes. A clear dose—response relanon
ship was apparent for bidis as well as cigarettes.

Table 5 shows the mortality rates by the type of
smokeless tobacco use among women and men. For
women the most popular types were mrshr and prshr
+ others, which had relanve nsks of 1.24 and 149,
respectively. For men, the most popular rype was
mhn t+ others, which had a relatve nsk of 1.29.

Bulletn of the World Health Organization, 2000, 78 (7)



Table 6 shows the mortality rates by frequency
of use of the two major types of smokeless tobacco
use (mish and betel-quid) by men and women The
dally frequency of use was not very high (1-5 umes
and 2 6 umes, except for male mushriusers, for whom
they were 1-2 times and 23 nmes). Despite this low
frequency of use, a dosc—response relationship was
discernible.

Discussion -

A high relatve risk of overall mortality for cigarere
smokers compared with non-smokers has been
reported from every cohont study from all parts of the
world. The ptesent study, which shows a relative nisk of
mortality of 1.39 for cigarette smokers, demonstrates
that Indians are no different in this respect. The excess
mortality among male smokers in the 35-69-year age
group in the present srudy was 880 per 100 000. For
developed countnies the excess mortality among males
has been estimated 1o be 701 per 100 000 (7). Although
the daily frequency of cigareute smoking in our cohor
was low (meduan, 5 cigarettes (9)) and the two
frequency classes were 1-5 times and =6 umes, a
dose—response rela tonship was quite apparent, the rwo
relavve nisks being 1.31 and 1.49.

The predominant form of tobacco use prac-
vsed in India 1s bidi smoking. Because Mumbai is 2
large city, in our cohort use of bidis and cigaretics was
equally common, but in the country as a whole, bidis
are 8-10 umes more commonly smoked than
cigarettes. Bidi smoking is also practised in neigh-
bouning countries, and there are recent reports of 1ts
availability and popularity also in the USA, especially
among youth, The results on bidi smoking are
therefore more relevant for India, but imcrcsting also
for many other countries.

Bidi smoking exhibited a high relative risk (1.78)
that was not entirely unexpected. In a previous cohort
study in Emakulam District, Kerala State, male
smokers (90% of them bidi smokers) had an age-
adjusted relanve nsk of overall mortality of 1.5 (6). In
another cohort study from Pune District, Maharash-
tra, the relanve nsk of overall mortality for bid:
smokers compared with tobacco chewers was L6 (10).
Although a bid: contains a much smaller amouni of
tobacco (0.2 g) than a Ggarette (1 g), it produces a
comparable or higher amount of tar and nicotine (C)]

A more disturbing finding 1s the higher
difference n age specific mortality rates among
smokers i the lower age groups. Thus, the relanve
nsk for the age group 35-54 vears was 2.4. Although
the daly frequency of smoking was shghtly higher
among this age group (=6 times reported by 82% of
35-54-year-olds vs. 78% of > 55-year-olds), this did
not account for the difference. Another disturbing
finding is the high relanve risk (1.62) evenat alow level
of exposure among bidi smokers (1-5 bidis per day).

The findings for smokeless tobacco use are
shghdy more difficult
tor women. Excepr for the lowest age group { 35-39

tonterpret, bur are less equivocal
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Table 5. Mortality rates and age-adjusted relative risks, by type

of smokeless tobacco habit, among cohort study women and
men, Mumbai
Person-years Mortality  Age-adjusted Age-adjusted
rate* mortality relative
rate® risk
Women
Mishri 56 515 86 123 1.24
Mishri + others 42 192 20.1 148 - 1.49
Betel quid 10 805 143 1138 1.19
Other tobacco 1821 209 16.0 162
Areca nut 2343 158 126 127
No tobacco use 64 414 76 9.9 Y100
Men
Mishri 9965 15.1 155 1.06
Mishii + others 24 425 205 189 1.29
Betel quid 12 681 188 16.2 L
Other tobacco 9M 179 184 1.26
Areca nut 709 12.7 148 1.01
No tobacco use 27 236 16.1 146 1.00
* Per 1000 per annum = e
Table 6. Mortality rates and age-adjusted relative risks, by daily
frequency of smokeless tobacco use, among cohort study
women and men, Mumbai
Person-years Mortality Age-adjusted Age-adjusted
rate* mortality relative
rate® risk
Women
Mishriuse (per day)
1-5 times 54 223 8.7 123 1.24
=6 times 2186 1.2 14.8 1.49
Betel-quid use
{per day)
1-5 times 8609 134 109 1.10
=6 times 2887 156 148 1.49
No tobacco use 64 414 16 99 1.00
Men
Mishri use (per day)
1-2 times 9118 149 15.7 1.08
34 times 907 165 16.5 1.13
Betel-quid use
(per day)
1-5 times 8893 18.1 154 1.0
=6 times 3882 201 16.9 1.16
No tobacco use 27 236 16.1 146 1.00

* Per 1000 per annum

vears), the age-specific mortality rates for women were
always higher among smokeless tobacco users than
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non-users, with the difference being greater among
older age groups (2 65 years). Among men, the age-
specific morality rate for was same for smokeless
tobacco users and non-users for the age proup 6064
years, shghtly lower for the 65-69-year age group who
used smokeless tobacco, with, as for agarette smoking,
the difference being greater for younger age groups
(35-54 years). In the earlier study in Kerala (6), the
relative nsk for male smokeless users was 1.2 (not
significant), and among women smokeless tobacco
users it was 1.3 (significant). For both men and women,
certain categones of smokeless tobacco use exhibited
quite high relanve nisks, increasing with the frequency
of use. Excess mortality among female smokeless
tobaccousers aged 35-69 years in the present study was
260 per 100000 compared with 312 per
100000 among women smokers in developed coun-
mes (7). It is therefore hughly likely that smokeless
tobacco use may also cause a hagher overall monality.
Our results have important public health im-
plications. To date tobacco-attributable mortaliry has
been calculated as that generally auributable to cigarerte
smoking, However, our findings demonstrate that the
health effects of bidi smoking are atleastas important as
those of agarette smoking. In India, where 8-10 times
more bidis are smoked than cigarettes, a gross under-
estimation of the tobacco problem would therefore
occur by ignonng bidis. In terms of tobacco control
policies, appropriate wamning labels on bidi packets and
advertisements, and higher taxation on bidis, similar to
that on aigarettes, seem highly desirable.

The main objecave of this cohort study was 10
estimate tobacco-attnbutable mortality, and for that
the next step is to determine the relauve risks specific
to the causes of death. We are currently ascertaining
causes of death among the study cohort by examining
the death informanon forms at Mumbai municipal
corporaton and arc in the process of creatng a
computer darabase. We are matching cohort records
with corporation death records using names and
addresses and, to some extent, date of death. There
are no standard spellings, however, and names and
addresses may be entered in two record sets with
different spellings and in 2 different order. Never.
theless, we are hopeful of achieving an adequare
degree of matching that will enable us to calculate
cause-specific mornality. W '

Acknowledgements

This study was conducted in collaboration with the
Internatonal Agency for Research on Cancer, France
(Collaboravve Rescarch Agreement No. DEP/89/
12); the ICRF/MRC Clinical Trial Service U,
University of Oxford, Oxford, England; the World
Bank, Washington DC; and the World Health
Organizauon, Geneva. They all provided partial
funding for the study. We are grateful to Prabhat
Jha, Alan Lopez, D.M. Parkin, Richard Peto, and
R. Sankaranarayanan for their valuable comments
and advice on the conduct of the study. M. Pednekar
15 thanked for assistance with computer program.
ming and in performing calculatons.

Résumeé

Etude de cohorte sur la mortalité générale des consommateurs de tabac 8 Mumbai (Inde)

Le taux de mortalité générale est plus élevé chez les
fumeurs de cigarettes que chez les non-fumeurs.
Neéanmoins, les effets des autres habitudes tabagiques
sur la santé restent méconnus, que ce soit pour les bidis
(cigarettes locales roulées par le consommateur), ou pour
les divers produits sans fumée. C'est pourquoi nous
avons entrepns une étude de cohorte dans la ville de
Mumbai afin d'estimer les risques relatifs de mortalité
générale pour les différents groupes de consommateurs
de tabac. Une enquéte de référence portant sur toutes les
personnes agées d'au moins 35 ans, choisies dans les
listes electorales, a été réalisée de porie en porte et au
moyen d'entretiens. Nous avons entrepris le suvi actif de
52 568 personnes de la cohorte 5 a 6 ans aprés I'enquéte
en utilisant les mémes méthodes ; 97,6 % des personnes
ont ainsi pu étre retrouvées. Nous avons perdu la trace
des sujets manquants le plus souvent parce qu'ils avaient
quitté leur domicile, devenu trop vétustes ou dangereux
et, moins fréquemment, a cause du développement

Nous avons couvert au total 293 368 personnes-année
et enregistré 4 358 déceés. Les taux annuels de mortalité
ajustés selon I'age étaient de 18,4 %o pour les hommes
(113463 personnes-année) et de 12,4%o pour les
femmes (179905 personnes-année). Nous avons pris
pour référence les taux annuels de moralité ajustés selon
I'age chez les personnes ne consommant pas ge tabac

14,6 %o pour les hommes (27 236 personnes-année) et
9,9 %o pour les femmes (64 414 personnes-année). Il en
ressort que pour les hommes, le risque relatif (RR)
général du tabagisme est de 1,63 (28 338 personnes-
année). Les taux de mortalité, toutes classes d'age
confondues, sont plus élevés chez les fumeurs que chez
ceux qui s'abstiennent de consommer du tabac, avec une
différence plus grande (RR = 2,4) dans les classes moins
agées (35 a 54 ans). Les produits les plus consommés
sont les agareties et les bidis avec des risques relatifs
ajustés selon I'age de 1,39 (13 545 personnes-année)
et de 1,78 (13 545 personnes-année) respectivement.
Une relation dose-effet est apparue avec la fréquence des
cigarettes fumées chaque jour (1 3 S fois et > 6 fois)
(RR = 1,31 et RR = 1,49 respectivement), de méme que
pour les bidis (RR = 1,62 et RR = 1,86, respectivement),

Trés peu de femmes fumaient (511 personnes-
année) : elles consomment essentiellement du tabac sans
fumée avec un risque relatif de 1,35 (114 980 personnes-
année), les deux principales catégories de produits sans
fumée étant le mishri seul (sorte de pate orale, RR = 1,24)
ou le mishriet d'autres produits (RR = 1,49). Les hommes
adeptes du tabac sans fumée consomment surtout le
mishriet d"autres produits (RR = 1,29). Pour les hommes
comme pour les femmes, or 2 évequé Iz passibilité d’une
relation dose-effet pour les deux principaux produits sans
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fumée, le mishriet le bétel. Les résultats établissent que la
consommation de bidis n'est pas moins dangefeuse que
celle des cigarettes et indiquent que e tabagisme sans
fumée pourrait également entrainer une augmentation de

la mortalité générale. |3 prochaine étape consistera 3
obtenir les taux de montalité er fes risques relatifs en
fonction des causes.

Resumen

Estudio por cohortes de |a mortalidad por todas las causas entre los consumidores

de tabaco en Mumbai (India)
Las tasas globales de mertalidad son mayores entre Jos
fumadores de cigarrillos Que entre los no fumadores. Sin
embargo, es muy poco fo Que se sabe acerca de los efectos
en la salud de otras formas de consumo de tabaco muy
extendidas en la India, como son los bidis y diversas
modalidades de tabaco sin hume. En consecuencia,
iniciamos un estudio por cohortes en la ciudad de
Mumbai, en la India, para estimar los riesgos relativos de
mortalidad por todas las caysas entre diversos tipos de
consumidores de tabaco. Mediante visitas domidiliarias y
entrevistas personales, se llevg a cabo una encuesta de
referencia entre todos Jos individuos > 35 aiios identifi-
€ados a partir de las listas de votantes, Al cabo de 5-6 afios
de esa encuesta, se emprendio un sequimiento activo de
52568 individuos de la cohorte empleando los mismas
métodos, localizandose 3 97.6% de las personas. 1a
razén mas comin de pérdida de individuos para e
sequimiento fue la demolicién de sy vivienda, por vetustez
o peligrosidad, o, con menor frecuendia, el desarrollo, Se
abarcé a un total de 293 368 personas-aio, y se
registraron 4358 defunciones. Las tasas de monalidad
anual ajustadas por la edad fueron de 18,4 por 1000 para
los hombres (113 463 Personas-ano) y 12,4 por 1000
para las mujeres (179 905 personas-ano). Se adoptaron
€omo categoria de referencia las tasas de mortalidad
ajustadas por la edad observadas en los no fumadores,
que fueron de 14,6 por 1000 al aro (cfra basada en
27236 personas-afio) entre los hombres y de 9,9 por
1000 al afio (cifra basada en 64 4 14 personas-afio) entre
las mujeres. En los hombyres, el riesgo refativo (RR) global
atribuible al tabaco fue de 1,63 (28 338 personas-afio).
las tasas de mortalidad entre los fumadores fueron
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The purpose of this study was to characterize the relation between smokeless tobacco use and the risk of all-
cause and disease-specific mortality. Using data from the First National Health and Nutrition Examination Survey
Epidemiologic Followup Study, the authors assessed the 20-year mortality experience of smokeless tobacco
users. Subjects aged 45 years or more at baseline (1971-1975) were categorized as either smokeless tobacco
users (n = 1,068) or non-smokeless tobacco users (n = 5,737). Subjects were further stratified by smoking status
and gender. Proportional hazard ratios were used to assess associations. After adjustment for confounders, no
association between smokeless tobacco use and all-cause (hazard ratio = 1.1, 95% confidence interval (Cl): 0.9,
1.3), all cancer (hazard ratio = 1.1, 95% Cl: 0.6, 1.9), or all cardiovascular (hazard ratio = 1.1, 95% CI: 0.8, 1.5)
mortality was found. There was an increase in all cancer mortality of borderline significance among female
smokeless tobacco users (hazard ratio = 1.7, 95% CI: 1.0, 2.8). The lung cancer mortality rate among combined
users (smokeless tobacco and cigarettes), based on the rates for exclusive smokeless tobacco users and
exclusive smokers, was higher than expected, possibly because of heavier smoking among these subjects. The
mortality experience of smokeless tobacco users was not significantly greater than that of non-tobacco users and
was appreciably less than that of cigarette smokers. Furthermore, combined use of smokeless tobacco and

cigarettes did not increase overall mortality beyond that expected from use of the individual products.

cardiovascular diseases; mortality; neoplasms; tobacco, smokeless

Abbreviations: Cl, confidence interval; ICD-9, International Classification of Diseases, Ninth Revision; NHANES |, First National
Health and Nutrition Examination Survey; NHEFS, NHANES | Epidemiologic Followup Study.

Smokeless tobacco use may be associated with an increase
in oral cancer incidence (1) and with elevated rates of other
cancers and cardiovascular disease (2-4). However, liutle
research has been done on the relation between smokeless
1obacco use and mortality from chronic diseases. We inves-
tigated the relation between smokeless tobacco use and
mortality from both broad classifications of chronic disease
and several specific disease outcomes. Because information
on smoking status was available, we also compared the
effects of smokeless tobacco use with that of cigarette
smoking and investigated the mortality associated with the
combined use of these two tobacco products.

There is growing interest in the possible adverse health
effects of smokeless tobacco because of the increasing prev-
alence of smokeless tobacco use among young adult White

males (5, 6) and the role of smokeless tobacco as a nicoline
replacement for cigaretie smoking (7). The prevalence of
smokeless tobacco use among adolescents (students in
grades 9-12) increased from 2.2 percent in 1970 to 9.3
percent in 1997, with White males having the highest preva-
lence (20.6 percent) (8, 9). According to the 1989 Teenage
Attitudes and Practices Survey, each day more than 2,200
adolescents (ages 12-18 years) first try smokeless tobacco
and about 830 (38 percent) become regular users (10).
Smokeless tobacco may be used by some smokers as a
method to quit smoking and by others as a substitute for
cigarettes in locations where cigaretie smoking is not
allowed. A rccent Swedish study found that smokeless
tobacco use can lead to higher smoking quit rates (11). A
1986 US tobacco survey found that approximately 7 percent
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of adults who formerly smoked reported substituting other
tobacco products (including snuff and chewing tobacco) for
cigarettes in an effort 1o Stop smoking (7). One national
survey found that, among current smokeless tobacco users,
one third were former smokers (12), suggesting that smoke-
less tobacco is occasionally used as a substitute for ciga-
reties. Recently, some rescarchers have proposed smokeless

tobacco as nicotine replacement therapy for inveterate ciga-

alternative to cigarette smoking requires a complete under-
standing of the risks associated with smokeless tobacco use.,

Our aims are 1o assess the potential increased mortality
risks associated with ever smokeless tobacco use in a repre-
sentative sample of the US Population and to evaluate the
effects of the combined use of smokelgss tobacco and ciga-
rette smoking on mortality from chronic diseases.

MATERIALS AND MET HODS

Data sources for determination of mortality risk
associated with smokeless tobacco use

We used data from the First National Health and Nutrition
Examination Survey (NHANES I) and the NHANES |

The survey design and data collection methods of
NHANES I and NHEFS have been described elsewhere (14-
19). Briefly, NHANES I was a national probability sample
of the noninstitutionalized US population conducted from
197110 1975, with oversampling of the elderly, the poor, and
women of childbearing age. NHANES | used a multistage
sampling design leading 10 unequal probabilities for selec-
tion of sample subjects. The initial survey included in-person
interviews covering a wide array of health behaviors, as wel
as a physical examination. The NHEFS surveys were
conducted in 19821984, 1986 (limited to subjects >55 years
of age at baseline), 1987, and 1992 10 provide approximately
10, 15, and 20 years of follow-up information.

NHANES I included 14,407 adulis ranging from 25 o 74

(32 percent) subjects were identified as deceased, with death
certificates available for 98 percent of the decedents.

Exposure variable

Only a random sample (n = 3.847) of an subjects in
NHANES I were asked about smokeless tobacco use at base-
line, but all subjects successfully interviewed during the
1982-1984 NHEFS were asked questions regarding smoke-
less 1obacco use. Data from the 19821984 NHEFS were
used to infer smokeless tobacco stats at baseline when

Am J Epidemiol 2002;156:730-737

necessary. Subjects reporting current smokeless tobacco use
in NHANES 1 or ever use in the 1982-1984 NHEFS were
considered ever smokeless tobacco users (n =1,503) in this
study. Subjects reporting neither current use nor ever use in
cither survey were considered never smokeless tobacco
users (n = 10,948). Of the 1,503 ever smokeless tobacco
users, there were 505 (336 percent) who had never smoked
(“exclusive” smokeless tobacco users), 952 (63.3 percent)
who had ever smoked (“combined™ users), and 46 (3.]
percent) with unknown smoking status.

Confounding variables

The demographic variables considered in this analysis
include age at eXamination, race, sex, region of residence
(Northeast, Midwest, South, West), and poverty index ratio.
A poverty index ratio equal to 1.0 designates the poverty

sample of subjects in NHANES |. Pack-years of smoking
were calculated by multiplying the reported average
number of cigarettes smoked daily by the duration smoked
divided by 20 (1 pack = 20 cigarettes). For subjects whose
smoking information was not obtained in NHANES |,
smoking status and pack-years at baseline were inferred
from responses 1o the 1982-1984 NHEFS, whenever
possible. Other tobacco habits such as Pipe or cigar use
Were not considered in the formation of tobacco exposure
Categories (ie., a subject who did not use smokeless
tobacco or smoke cigarettes but did smoke a pipe would be
considered a non-tobacco user).

Nutritional information Was obtained via a 24-hour recall
dietary questionnaire and was asked of only a sample of the

examination include alcohol consumption, recreational
physical activity, body mass index, blood pressure, serum
cholesterol, and family history (parents, siblings, or chil.
dren) of cancer,

Outcome variables

Both underlying and multiple cause-of-death codes, using
International Classification of Diseases, Ninth Revision
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TABLE 1. Distribution of subjects according to tobacco use categories for selected baseline characterist

ics, First National Health

and Nutrition Examination Survey Epidemiologic Followup Study, 1971-1992

Exclusive smokeless

No tobacco

Ex smoking Both smokeless tobacco

tobacco use use and SMOKINg
No. % No. % T N % " Ne. %
Subjects 5,192 505 5,523 952
Age (years) at examination (mean) 478 54.0 449 479
Subjects 245 years of age 2.986* 414+ 2,751 654*
Males - 722 242 225 56.0 1,591 85.7 592 92.7 -
Whites 2,629 92.0 248 66.6 2,448 - 93.0 551 90.7
Poverty index ratio (mean) 2.4 1.8 25 20
Region of residence
Northeast I 678 26.8 42 1.5 660 252 91 138
Midwest 758 26.7 60 17.7 658 | 248 136 234
South 756 21.7 239 50.9 672 23.0 265 386
Wesl 794 248 73 19.9 761 27.2 162 242
Smoking status
Current 1,682 62.9 329 536
Former 1,069 37.1 325 46.4
Pack-years (mean) 351 423
Alcoholt
None 1,451 415 218 422 616 191 193 259
Less than 12 imes/year 693 254 54 18.3 569 20.1 13 16.4
About 13—48 times/year 430 16.3 72 195 638 235 132 20.2
At least 104—156 times/year 407 16.9 68 20.0 922 374 212 37.4
Fruit and vegetable intake
None or <1 serving/day 201 58 88 28.2 240 8.4 83 155
1 or 1.5 servings/day 583 246 123 28.2 567 278 193 358
2 or 2.5 servings/day 913 389 98 313 734 415 156 322
>3 servings/day 636 307 30 12.4 378 22.4 63 16.6
Recreational physical activity
Little 1,472 46.7 235 49.5 1,227 43.7 280 41.6
Moderate 1,089 37.7 127 33.6 1,053 38.7 237 33.0
Much 424 156 51 16.9 470 17.6 136 19.4
Blood cholesterol (mg/dl) (mean) 2378 228.7 235.1 226.9
Systolic blood pressure (mmHg)
(mean) 142.3 147.8 136.6 139.2
Body mass index (kg/m?) (mean) 26.8 27.5 255 257
vVitamin A intake (IU) (mean) 56999 5,203.5 5,620.2 43763
Vitamin C intake (mg) (mean) 94.4 76.1 B8.5 773
Dietary fat intake {g) (mean) 62.4 721 776 BAG

+ Individual variable totals may not add up o column total because of missing responses.

1 In 12 months prior 10 baseline.

This analysis was limited 1o White subjects and Black
subjects, because of the small number of subjects in the
“other’” race category (n = 172). Because of the differences
in age between exclusive smokeless tobacco users and non-
tobacco users (table 1) and the low prevalence of smokeless
tobacco use among subjects less than 45 years of age, the
morality analyses were resincted 10 those subjects 45-75
years of age at baseline (n = 6,809).

~
775>

Statistical analysis

The distribution of potential confounding varnables was
calculated for the four tobacco categories (non-tobacco
users, exclusive smokeless tobacco uscrs, exclusive
smokers. and combined smokeless tobacco users and
smokers). The Cox proportional hazards model was used to
calculate both the crude and the adjusted hazard ratios. Most

Am J Epidemiol 2002;156:730-737
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TABLE 2. Hazard ratios for selected causes of death for exclusive smokeless tobacco users relative to non-tobacco users, First
National Health and Nutrition Examination Survey Epidemiologic Followup Study, 1971-1992

Males Females
Disease classification (ICD-g+ code) e
Crude HR*  95% CI*  Adjusted HRt  85%CI Crude HR  95% Cl  Adjusted HRt 95%C|

All causes 15 11,19 1.0 08,13 17 12,24 13 09,17
Malignant neoplasms (140-209) 1.1 05,24 0.9 03,23 16 10,26 1.7 10,28
Endocrine, nutritional, and metabolic

diseases and immunity disorders

(240-279) 27 07,109 24 0.7.88 29 0.6, 134 14 0.1,135
Diseases of the nervous system ang - -

sense organs (320-389) 16 02,102 1.1 02,52 03 01,13 0.6 01,26
Diseases of the circulatory system

(390—459) 1.5 1.1,2.0 1.0 07,15 1.8 1.0,3.1 12 07,19
Diseases of the respiratory system M

(460-519) 2.1 0%, 5.8 0.9 03,25 07 02,25 06 01,23
Diseases of the digestive system

(520-579) 3.1 0.7, 127 19 04,98 0.03 0.0§

* ICD-8, Intemational Classification of Di:
t Adjusted for age, race, and poverty index ratio.

Ninth Revision; HR, hazard ratio; Cl, confidence interval.

1 Crude hazard ratio derived from 0/29, where the numerator fepresents the number of cases among exclusive smokeless tobacco users,
and the denominator represents the number of cases among non-tobacco users.

§ Adjusted hazard ratio derived from 0/24, where the numerator fepresents the number of cases among exclusive smokeless tobacco users,
and the denominator represents the number of cases among non-tobacco users.

analyses were stratified by gender. Follow-up time was
calculated from the date of examination to the time the
subject died, the time the subject was last known alive, or the
endpoint of the study. Subjects lost to follow-up (i.e., not
traced in any of the four studies of the NHEFS) were
excluded from the analyses (7 =100). Subjects with a preex-
isting condition at baseline were excluded for analyses of
that particular condition (e.g., subjects reporting stroke
history at bascline were excluded from all analyses of stroke

the oversampling of cenain populations, SUDAAN software
was used to conduct the majority of the analyses. SUDAAN
software (Research Triangle Institute, Research Triangle
Park, North Carolina) is a software package specifically
designed to analyze data from complex surveys that INCorpo-
rate multistage sampling designs and urequally weighted
designs (21).

Standardized mortality ratios were calculated as the
measure of effect for oral cancer. Expected numbers were
based on mortality rates from the National Center for Health
Statistics for 1982, the approximate midpoint of the follow-
up period.

RESULTS

There were 1,068 smokeless tobacco users in this cohon
45 years of age or older, 414 (39 percent) of whom were
never smokers. Exclusive smokeless tobacco users were
older (mean age = 64.9 years), poorer (mean poveny index
ratio = 1.8), and more likely to reside in the South than other
subjects (table 1). Crude differences between smokeless
tobacco users and other subjects also were found in the
frequency of alcohol intake (they dnnk less often than
smokers), fruit and vegelable intake (less than smokers and
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non-tobacco users), and recreational physical exercise (less
than smokers and non-tobacco users). Crude blood pressure
and body mass index levels were higher among exclusive

across the four tobacco use calegories.

After adjustment for age, race, gender, and poverty status,
exclusive smokeless tobacco users did not experience statis-
tically significant increased montality from aj) Causes
(hazard ratio = 1.1, 95 percent confidence interval (Ch: 0.9,
1.3), all cancer (hazard ratio = 1.1, 95 percent CI: 0.6, 1.9),
or all cardiovascular outcomes (hazard ratio — 1.1, 95
percent CI: 0.8, 1.5) compared with non-tobacco users.
Table 2 describes the relation between exclusi ve smokeless

users experienced statistically nonsignificant increases in
mortality from endocrine, nutritional, and metabolic diseases
and immunity disorders (hazard ratio = 2.4, 95 percent CI:
0.7, 8.8) and from diseases of the digestive system (hazard
raio = 1.9, 95 percent Cl: 0.4, 9.8). Female smokeless
tobacco users experienced an increase in mortality from al)
cancers (hazard ratio = 1.7, 95 percent CI: .0, 2.8) of
borderline significance.

Table 3 presents hazard ratios from several specific
chronic discases. Male exclusive smokeless tobacco users
did not experience significant increases in mortality for any
type of cancer considered. The increased mortality from lung
cancer among female smokeless tobacco users (never or ever
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TABLE 3. Hazard ratios according to smokeless tobacco use relative to non-tobacco use for specific causes of death, First National
Health and Nutrition Examination Survey Epidemiologic Followup Study, 1971-1992

Ever smokeless tobacco users: males

Ever smokeless tobacco users: females

Cause of death Never smokers

Ever smokers

Never smokers Ever smokers

{ICD-9* code) T T— =
Crude 95% Adjusted 95% Crude 95% Adjusted 95% Crude 95% Adjusted 095% Crude 95% Adjusted 95%
HR* Ci* HR (o] HR Cl HR Ci HR Ci HR Ci HA Cl HR Cl
Lung cancer (162) 0.0t 0.04.§ 05 01,38 226} 64,803 70 16,308 91f 11,754 87 33,224 124 02,89
Digestive cancers
(150-159) 12 05,31 091 0323 03 01,10 071 03,18 08 03,24 081 0327 07 03,17 02y 01,11
IHD* (410-414) 14 089,21 06# 0312 11 08,16 104 06,17 L7 11,28 148 08,22 ~1.1 04,27 114 04,32
Stroke (430-438) 12 05,27 07** 02,20 07 0313 0.7+ 03,15 22 12,40 1.0** 03,29 1.7 0564 17+ 04,70

* ICD-9, International Classification of Diseases, Ninth Revision; HR, hazard ratio; Cl, confidence interval; IHD, ischemic heart disease.
t Crude hazard ratio derived from /9, where the numerator represents the number of cases among exclusive smokeless tobacco users, and the denominator

represents the number of cases among non-tobacco ukers.

i

1 Ad]ugled for age, race, poverty index ratio, region of residence, alcohol, recreational physical exercise, and fruitvegetable intake.
§ Adjusted hazard ratio derived from 0/6, where the numerator represents the number of cases among exclusive smokeless tobacco users, and the denominator

represents the number of cases among non-tobacco users.
1 Adjusted for age, race, poverty index ratio, alcohol, and dietary fat intake.

# Adjusted for age, race, poverty index ratio, alcohol, recreational physical exercise, fruitivegetable intake, systolic blood pressure, serum cholesterol, and body

mass index.

** Adjusted for age, race, poverty index ratio, alcohol, recreational physical exercise, fruit/vegetable intake, and systolic blood pressure.

The analyses investigating the combined effects of
smokeless tobacco use and smoking on specific outcomes
were restricted to male subjects because of the low preva-
lence of combined use among females (n = 62). As shown
in table 4, the lung cancer mortality among combined users
was nearly twice that of exclusive smokers (hazard ratios =
22.6 and 13.2, respectively). Combined users did not expe-
rience increased mortality for ischemic heart disease,
although exclusive smokers had a statistically significant

increase in mortality (hazard ratio = 1.6, 95 percent CI: 1.3
1.9

There were no oral cancer deaths among exclusive
smokeless tobacco users (table 5). In a cohort of this size
followed for approximately 20 years, only one death would
have been expected. Among ever smokeless tobacco users,
two deaths from oral cancer were observed and two deaths
were expected. Both oral cancer decedents among smoke-
less tobacco users were White males. Once again, this is

*

TABLE 4. Adjusted hazard ratios according to smokeless tobacco use and smoking status relative to non-
tobacco users: males, First National Health and Nutrition Examination Survey Epidemiologic Followu p Study,

1971-1592
IHD* Lung cancer All cancer
HR*t  95%CI* HR3 95% Ci HR§ 95% CI
Non-tobaccousers 1.0 1.0 - 10
Exclusive smokeless tobacco users 0.6 03,12 0.0 1.0 03,25
Exclusive smokers 1.5 1.1, 2.1 13.2 4.5, 38.2 1.3 08,21
Current 20 14,28 247 83,735 1.8 1.1,31
Former 1.2 0.8,20 7.0 2.1,23.2 1.0 05,18
Smokeless tobacco users and smokers 1.0 06,17 22.6 6.4,80.3 1.6 09,27
Smokeless tobacco and current 0.8 05,15 33.9 8.0, 1437 2.2 12,37
Smokeless tobacco and former 1.1 06,21 9.0 2.0, 40.8 059 04,18

* IHD, ischemic heart disease; HR, hazard ratio; Cl, confidence interval.
1 Adjusted for age, race, poverty index ratio, alcohol, recreational physical exercise, fruitvegetable intake, systolic

blood pressure, serum cholesterol, and body mass index.

4 Adjusted for age, race, poverty index ratio, region of residence, alcohol frequency, recreational physical exercise,

and fruit/'vegetable intake.

§ Adjusted for age, race, poverty index ratio, alcohol, recreational physical exercise, fruit/vegetable intake, dietary fat

intake, and family history of cancer.

Yl Adjusted hazard ratio derived from 0/6, where the numeratar represents the number of cases among exclusive
smokeless tobacco users, and the denominator represents the number of cases among non-tobacco users.

?_,’/7“
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TABLE 5. Observed and expected deaths according to tobacco status: oral

cancer, First National Health and Nutrition

Followup Study, 1971-1992

Examination Survey Epidemiologic

e prsadlll T 95% Cit

Overall 122 156 93, 231

Ever smokeless tobacco user 19 107 10, 308

Exclusive smokeless tobacco user 08 0 0, 580

Ever smoker 50 278 150, 439

- Exclusive smoker 38 288 142, 480

* Based on 1882 monality rates for US adults 45-75 years of age.
t SMR, standardized mortality ratio; CI, confidence interval.

1 Indirectly adjusted only for age.

what would be expected in a cohort of this size (standard-
ized montality ratio among White males = 114, 95 percent
CI: 11, 327). Comparatively, among all smokers, 14 oral
cancer deaths were observed, whereas only five were
expected (standardized mortality ratio = 278, 95 percent
CI: 150, 439).

DISCUSSION

The crude hazard ratios show increased monrtality among
smokeless tobacco users, largely because smokeless tobacco
users were older than non-tobacco users and smokers. After
controlling for age, gender, race, and poverty status, we
found that smokeless tobacco users did not experience
higher mortality than did non-tobacco users in this cohort.
After stratification by gender, no statistically significant
increases in monality were found for males. Among females,
a borderline statistically significant increase was found for
all cancer morality.

Few studies have investigated mortality in relation to
smokeless tobacco use. Results from the National Monality
Followback Survey showed that smokeless tobacco use was
not associated with increased risk for all cancer, oral cancer,
or cancer of the digestive organs (22). Zahm et al. (23) found
a nonsignificant increase in soft tissue sarcoma among US
veterans who had ever chewed tobacco or used snuff (rela-
tive risk = 1.4, 95 percent CI: 0.8, 2.6). with no soft tissue
sarcoma originating in the head, neck, and face region
among smokeless tobacco users. They found no soft tissue
sarcoma deaths among those who used smokeless tobacco
only. They did find an increase in mortality from buccal
cancer among smokeless tobacco users (relative risk = 3.0,
95 percent CI: 2.0, 4.5) (23). In a recent ecologic study, no
increased mortality rate for oral/pharyngeal cancer was
found in West Virginia, the state with the highest prevalence
of smokeless tobacco use, compared with the United States
as a whole (24). Although few in number, these studies
generally support the results of our analysis.

The scant body of epidemiologic evidence for smokeless
tobacco use and cardiovascular disease mortality differs
from our results. A study of Swedish construction workers
found a small but staustically significant increased risk for
all cardiovascular disease monality (relative risk = 1.4, 95
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percent CI: 1.2, 1.6), ischemic heart disease, and stroke (3).
However, common risk factors for cardiovascular disecase
such as blood pressure, exercise, diet, and alcohol were not
controlled and may explain the increased risk. Of note in the
Swedish study was the absence of an increased nsk for all
cancer deaths (relative risk = 1.1, 95 percent CI: 0.9, ].4),
similar to our results. Another study from Sweden found a
small but statistically nonsignificant increased risk from
fatal myocardial infarction (including sudden death) among
snuff dippers (odds ratio = 1.5, 95 percent CI: 0.5, 5.0) (4).

Although smokeless tobacco users in the present study
experienced no increased risk in cardiovascular disease
mortality, smokers experienced a small but statistically
significant increased risk for ischemic heart disease. This
disparity supports evidence that something other than nico-
tine is causing the increase in cardiovascular mortality (25).

Although oral cancer is the adverse effect most accepted as
4 consequence of smokeless tobacco use (1), we found no
association between oral cancer mortality and ever smoke-
less tobacco use. Although the number of observed deaths
among exclusive smokeless tobacco users was too small to
calculate a hazard ratio, the number of expected deaths in
this cohont was less than one. The reasons why smokeless
tobacco leads to an increase in oral cancer incidence but not
to an increase in oral cancer mortality may be due to
advances in cancer detection and treatment or to insufficient
follow-up time for deaths to occur among a small number of
cases,

The validity of the data should not be a concern, as the
hazard ratio for oral cancer mortality among cigarette
smokers is similar to the findings of other studies (26). Simi-
larly, the magnitude of association between cigarette
smoking and lung cancer (hazard ratio = 13.2, 95 percent CI-
4.5, 38.2 among males) is consistent with that observed in
other studies, as is the finding of greater lung cancer
mortality among current smokers than former smokers (27).

The complex survey design and oversampling of certain
populations required the use of SUDAAN software to
analyze the data set. However, results reflecting a small
number of outcomes have been found to strongly influence
estimates (28). Although we found statistically nonsignifi-
cant associations between smokeless tobacco use by males
and diseases of the endocrine and digestive systems and
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statistically significant increases in all cancer and lung
cancer mortality among female smokeless tobacco users,
these results could be due to outcomes experienced by a
small number of subjects having large sample weights. The
association for all cancer among female smokeless tobacco
users was influenced by a small number of deaths at two sites
(three lung cancer deaths and two uterine cancer deaths
among smokeless tobacco users). Future studies, including
both male and female subjects, should be conducted to deter-
mine whether these associations with smokeless tobacco use
are causal. - -

Although the mortality rate among combined users was
higher than that expected from the individual rates, this
result is not likely due to a synergistic effect between smoke-
less tobacco and cigarettes. The combined users smoked
more than exclusivk smokers did (42.3 and 35.1 mean pack-
years, respectively). The higher cigarette smoking dose, not
the use of smokeless tobacco, is likely leading to the
increased lung cancer mortality among combined users. A
possible explanation is that combined users may be strongly
addicted to nicotine and using smokeless tobacco in addition
to cigarettes rather than as a substitute for them.

The apparent lack of an effect among combined users for
ischemic heart disease mortality 1s counterintuitive.
Combined users smoked more than exclusive smokers did,
yet their ischemic heart disease mortality was less than that
of exclusive smokers. Combined users were more likely to
be former smokers than were exclusive smokers, possibly
accounting for the decreased risk found here.

Of the two oral cancer deaths among cver smokeless
tobacco users (both White males), one was a current smoker
and the other was a former smoker. However, these two
observed deaths were not more than expected in this cohort,
even when limiting the analysis to White males. In this
cohort, cigarette smoking was responsible for the increased
oral cancer mortality.

One limitation of this analysis 1s that the exposure cate-
gory is based only on ever use of smokeless tobacco. There-
fore, potential increases in mortality associated with current
versus former use could not be determined. Similarly, no
dose-response analysis could be done. Because of the lack of
information on lifetime use, subjects who used smokeless
tobacco once were categorized the same as those who used
smokeless tobacco many times.

Rouse (29) found that, among males who had ever tried
smokeless tobacco, 60 percent used it in the past year;
among females who had tried it, 42 percent used it in the past
year. She also found that, among those who reported any
lifetime use, 26 percent used 1t almost daily in the past year
(29). Therefore, it may be a recasonable assumption that
smokeless tobacco users in our study were not one-time
users, with many having used smokeless tobacco regularly.
Also, the restriction to subjects 45 years of age or more
created a homogeneous exposure group with respect to dura-
tion of smokeless tobacco use. The majority of smokeless
tobacco users initiate smokeless tobacco use prior to the age
of 18 years (30).

Tobacco categones represent self-reported responses, and
neither smokeless tobacco status nor smoking status was
biologically confirmed. Confounding vanables were also
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self-reported (e.g., alcohol intake, physical activity).
However, as this information was collected prospectively,
the potential for recall bias is much less than that found in
case-control studies.

Although this analysis was restricted 1o subjects 45-75
years of age at baseline to create more similar comparison
groups with respect to unknown and uncontrolled
confounders, residual or uncontrolled confounding (e.g.,
other tobacco habits or factors relating to survival) may
contribute to the results found in this study.

Because only a sample of individuals weré¢ asked about
their tobacco habits in NHANES |, the results from 1971 10
1975 were supplemented by information collected in the
1982-1984 NHEFS. This approach may have resulted in
some nondifferential misclassification of tobacco use, as
data from 1982-1984 may not be as accurate as those
collected in 1971-1975 (because of recall error or the use of
proxies for subjects who died between the baseline interview
and the initial follow-up). The expected effect would be a
bias toward the null hypothesis of no association. However,
as smokeless tobacco use is defined as only ever/never, this
effect should be minimal.

This analysis represents one of the most comprehensive
studies of the relation between smokeless tobacco use and
mortality. The 20-year follow-up period allowed ample time
to investigate common outcomes among smokeless tobacco
users in a representative US population. Available data on a
wide variety of risk factors allowed us to minimize the
potential for confounding as an explanation for any results.

Overall, we found no increased mortality for subjects who
reported ever smokeless tobacco use when compared with
subjects who reported no tobacco use. The few increases in
mortality that we discovered, although likely due to chance,
should be investigated further. Evidence from this study
shows that smokeless tobacco use is a safer alternative than
continued cigaretie smoking. Mortality for exclusive smoke-
less tobacco users is considerably less than monality for
exclusive smokers for all cancer (especially lung cancer) and
for ischemic heant disease. Further studies are needed to
determine whether regular smokeless tobacco use 1s appre-
ciably more harmful than ever use and to determine whether
there is increasing risk with increasing amount or duration of
use of smokeless tobacco products.
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Tobacco use, body mass and cancer mortality
in Mumbai Cohort Study.

Pednekar MS, Hébert JR, Gupta PC.

Healis-Sekhsaria Institute for Public Health, CBD Belapur, Navi Mumbai, India.
pednekarmangesh@healis.org

Abstract :

BACKGROUND: Tobacco use and body mass are major risk factors for many cancers. Despite
this, very little is known about their combined effect on cancer mortality. These relationships are
virtually unexplored in populations having patterns of both tobacco use and body habitus
atypical of those typically enrolled in epidemiologic studies.

METHODS: A prospective cohort study of 148,173 men and women aged > or =35 years was
conducted in Mumbai, India. Subjects were recruited during 1991-1997, measured for a variety
of risk factors, including tobacco use and anthropometry, and then followed for approximately 5-

6 years.

RESULTS: During 774,129 person-years of follow up, a total of 796 cancer deaths were
observed. Tobacco use, especially smoking in men, was associated with particularly high risk of
death in extreme categories of body mass. At highest risk were underweight smoking males
[hazard ratio (HR)=9.45, 5.87, and 5.75 for those smokers who were extremely thin
(<16.0kg/m(2)), very thin (16.0 to <1 7.0kg/m(2)), or thin (17.0 to <18.5), respectively].
Significant effects of underweight among never and smokeless tobacco users disappeared with
exclusion of individuals with < or =2 years of follow up. Extremely thin (<16.0kg/m(2)) women
smokeless tobacco users had an elevation in risk, HR=2.95, that actually appeared to increase (10
3.21) with exclusion of individuals who were diagnosed within 2 years of follow up.

CONCLUSION: Tobacco use and undernutrition are known to be serious problems in
developing countries. The current study underlines the strikingly elevated risk of cancer when

they occur together.
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Cancer and mortality among users and nonusers of snus
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Scandinavian monst IT (snus) is claimed to be a safer alternative

1o smoking. We aimed toquantify cancer incidence among male

using Cox proportional hazards regression. The cohort members
contributed more than 220,000 person-years at risk for cancer.
A statistically significant increase in the incidence of the combined
Category of oral and pharyngeal cancer among daily users of snus
(incidence rate ratio 3.1, 95% confidence interval 15-6.6) was
found. Overall mortality was also slightly increased (hazard ratio
.10, 95% confidence interyal 1.01-121). Although the combined
previous literature on snus and oral cancer weigh toward no associa-
i i prospective study provided suggestive
evidence of snus-related risks that cannot be lightly ignored.

© 2008 Wiley-Liss, Inc.

Key words: epidemiology; cancer: monality; smokeless tobacco

The carcinogenic potential of oral snuff, including the Scandina-
vian moist type (snus), has been evaluated and established by 2 work-
ing groups at the International Agency for Research on Cancer.' How-
ever, in view of the comparably low levels of tobacco-specific nitros-
amirmhmtsaﬁllridaofmingsr@sasawnydruhchg
smoking dose among inveterate smokers,”* possible health conse-
quences of snus use is presently the topic of intense debate. Several
Swedish case-control studies concluded that there was no si;niﬁcant
association between use of snus and head and neck cancer. > while a
significant excess risk of pancreatic cancer was reporied from 2 recent
cohont studies.®® Moreover a moderately increased all-cause montality
was observed among snus-using male construction workers. "’

We aimed to quantify cancer incidence among male snus users,
and to shed light on the net health outcome by studying their over-
all and disease group-specific monality.

Material and methods
The cohort

A cohort from Uppsala County, central Sweden, was established
in 197374 as an emanation from a population-based survey investi-
gation aimed at establishing the prevalence of oral lesions.'
wdents of the municipalities of Enkoping or Habo aged 15 years or
older during the year of examination (n = 30,118) were invited 1o
participate. In the first round, a total of 18,659 (62% of all invited)
individuals participated. Of those remaming, 2,292 were randomly
selected for an intense recruitment effont, which resulted in another
1,674 (73%) examined participants. The 1otal participation was
20,333 individuals constituting 68% of all invited (Fig. 1). All par-
ticipants filled in a questionnaire about tobacco and alcohol con-
sumption, and all underwent a clinical examination of the oral
cavity, performed by one of the present authors (TA). For 121 indi-
viduals, the data from 1973 10 74 was Jost. Since virtually no women
were exposed 10 snus, we restricted our analysis to men (n = 9.976).

Follow- up

Follow-up for montality and cancer incidence between 1973 and
2002 was accomplished through record-linkages with the nation-

@L"cc Pubtication of the iMernationai Union Against Cancer

0L o Tty
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wide and essentially complete registers of cancer,'* " causes of
deaths'* and total population,'? using the individually unique
National Registration Numbers, assigned to all Swedish residents
and included in all registers, as identifiers.

Cancer diagnoses i i

We grouped the cancer diagnoses into the following 3 nested
calegories: a combined category of oral and pharyngeal cancer
(ICD7: 140-148); smoking-related cancers according 1o Leviz
et al."® including oral and pharyngeal cancer (ICD7- 140-148),
oesophageal and gastric cancer (KCD7:150-151) pancreatic cancer
(ICD7:157), laryngeal and pulmonary cancer (ICD7:161-162),
cancer of the kidney, bladder and other urinary organs
(ICD7:180-181); and any cancer (ICD7: 140-209). The list pro-
posed by Levitz et al."® differs somewhat from that published by
the Intemational Agency for Research on Cancer'’ in that it does
not include cancers of the i
myeloid leukemia.

As we only counted first cancers, individuals with a history of
any cancer diagnosis before entry into the cohort in 1973-74 were
excluded (n = 116). The follow-up for cancer thus comprised
9,860 men.

Causes of death

We grouped causes of death into the following 4 categories:
Cancer deaths (ICD8, I1CD9: 140-209, ICD10- CO00-D48): cardio-
vascular deaths (ICD8, ICD9: 390458 ICDI10: 100-199); and respi-
ratory deaths (ICDB, 1CD9- 460-519, ICD10: J00-J99) and all-cause
montality. The follow-up for mortality comprised all 9,976 men.

Statistical methods
In addition 1o computing crude incidence and mortality rates
(the number of events divided by corresponding person-time), we

analyzed data with Cox proportional hazard regression using
angined age as the underlying time-scale. We estimated hazard

In the follow-up for monality, person-time was calculated from
the date (age) of first examination (1973-74) unij] the date (age)
of death, emigration or end of follow-up (January 3], 002),

censoring took place at date of first cancer (any site).

Exposure 10 snus was Calegonized as never or ever daily use a
entry into the cohont in 1973-74. The models were adjusted for

Abbreviations Cl, confidence interval: HR, hazard ratios; ICD, Inter-
national Classification of Diseases; IR, incidence rate; MR, monality rate;
NNK, 4-{methyinitrosamino). 1 -(3 pytidyl)- | -butanone: NNN, N'-nitroso
nomicotine; TSNA, tobacco specific nitrosamunes.
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FOLLOW-UP ON SNUS USE AND CANCER INCIDENCE

smoking (never versus ever daily use), alcohol consumption (less
than once a week versus once a week or more), and area of resi-
dence (rural, small municipality or town). All covariate informa-
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Living in selected
armac
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1

Examened
[an 1973-Jan 1674
658

11

252
parhcpants 818

Examned
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333

21

w exchuded (10.236)

Figure 1 - Overview of the recruitment to the population-based
cohort.

TABLE I - NUMBER OF PARTICIPANTS, PERSON YEARS, CRUDE INCIDENCE
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tion emanated from 1973 to 74. We also adjusted for calendar pe-
riod (attained) in S-year-intervals (1973-1977, 19781982, 1983
1987, 1988-1992, 1993-1997, 1998-2002). Since all paruicipants
entered at approximately the same time in 1973-74, calendar time
was equivalent to ime-in-study.

Nonproportionality of hazards (interaction between age [under-
lying time-scale] and covariates) was investigated using the
Grambsch and Therneau test based on Schoenfeld residuals.'® In
cases of nonproportional hazards, separate covariate effects were
fitted for 2 age strata, where the chosen cut-off age was 70 years
for cancer analyses and 75 years for mortality analyses (since
death occurs at higher ages than cancer). For respiratory deaths,
the age cut-off was chosen as 80 years since virtually all these
deaths occurred at advanced ages. The interaction between covari-
ates and the dichotomized age-scale was further tested using like-
lihood ratio tests, and p-values are presented. Only participants
with complefe information on outcome and all covariates were
included in the models. Stata version 9 was used for the stanistical
analyscs.'

Results

At time of cohon accrual in 1973-74, 867 men (9%) were clas-
sified as ever daily users of snus (but never daily smokers), 5,309
(53%) as ever daily smokers (but never daily users of snus), and
692 (7%) as both ever daily smokers and ever daily users of snus.
The cohort was followed for up to 29 years and the study partici-
pants contributed 223,528 and 231,542 person-years at risk for
cancer and death, respectively (Table I). There were 237 ever-
users of snus among the 1,575 individuals who were diagnosed
with any first cancer. A total of 3,630 cohort members died and

{IR) AND MORTALITY (MR) RATES BY SNUS USE, SMOKING AND SOME

OTHER BACKGROUND FACTORS

Any cancer’ All-cause monality”
Noof individuals (n)" Person-years' Cases (1) CrudelR®  Deaths (m) Crude MR*

Snus use
Never daily use 8311 189,561 1,337 7.1 2,988 2
Ever daily use 1.548 33,944 237 7.0 641 83
Missing | 1 1

Smoking
Never daily use 3,930 91,978 544 59 1,262 33
Ever daily use 5.930 131,550 1,031 78 2,368 17.4

Alcohol consumption
No/low 1,447 29,895 228 76 703 226
Moderate/high 8,407 193,522 1,345 6.9 2,922 14.6
Missing 6 2 5

Area of residence
Rural 3,513 77,353 626 8.1 1,494 18.5
Small community 1,492 36,391 188 5.2 402 10.8
Town 4 855 109,784 761 69 1,734 15.3

er period {anained)

Cﬂ:g;d}_ ll‘);TT ! 9,860 42,127 175 42 457 10.7
19781982 9,208 44,676 260 5.8 632 13.8
1983-1987 8,559 40,999 241 59 641 15.2
19881992 7872 37447 299 8.0 674 17.3
1993-1997 7.115 33,658 323 96 656 18.5
1998-2002 6,353 24,622 27 113 570 21.6

Age (attained)

14-24 1,625 8.656 2 0.2 7 08
25-34 3.832 26,891 8 03 22 0.8
35-44 5374 44 964 25 0.6 56 1.2
45-54 6,449 48,433 100 21 163 i3
5564 6,192 42,499 288 68 358 8.2
65-74 4,675 31,700 555 18.0 849 248
75+ 2.941 20,386 597 29. 2,175 90.8

'Any cancer includes
the cancer analysis (n =
sis included a slightly larger number of individuals (n =
ited here and are therefore not shown - “The dismbution of person-years
due to a slightly larger number of cohon members

3 S k i
data are not shown.— Crude incidence rate of any cancer per 1.000 person

743

ICD7 codes 140-209 ~All cause mortality includes all 1CD8, 1CD9, and 1CD10 codes ~*Number of cohont members in
9.860). Since we excluded 116 cohort members with prevalent cancer al ime of entry in the cohort, the momnality analy-
9.976). Their distributions across exposures caiegones were very similar to that exhib-

across exposure categories differ marginally 1n the monality analysis

from star and absence if censonng at cancer incidence. The difference 1s so small that these

“Crude mortality rate per 1,000 person-years.

yl:ur.\;.
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TABLE Il - INCIDENCE RATE RATIOS (IRR) FOR ANY CANCER, SMOKE-RELATED CANCER AND THE COMBINED CATEGORY OF ORAL
AND PHARYNGEAL CANCER BY SNUS USE AND SMOKING, OBTAINED IN MODELS THAT INCLUDED Al PARTICIPANTS AND IN
MODELS RESTRICTED TO NEVER-SMOKERS

Ass S y ' The combined catcgory of oral and
Cases (n)  Crude IR? HR' (95% CT) Cases (1) Crude IR’ HR (95% CT) Cases (1) Crude IR™  HR* (959 (1)
Snus use
Never daily use 1,335 | 1.00 (ref) 422 22 1.0 (ref) 23 0.1 1.0 (ref)
Ever daily use 237 7.0 1.00 (0.87-1.15) 71 2.1 1.1(08-) 4) B 03 3¢ 1.5-6.6)
Smoking Age <70 years
Never daily use 544 59 100 (ref) 112 12 1.0 (ref) Never B 0.1 1.0 (ref)
a Ever daily use 1,028 78 1.26(1.13-1.40) 38) 29 22 (1.8-2.7) Ever 5 005 05(0.1-1 4)
Age >70 years
Never 3 02 1.0 (ref)
Ever 18 09 56( 1.6-19.6)
Restnicted to never smokers
Snus use
{ Neverdaily use 406 55 .0 (ref) 73 1.0 1.0 (ref) é 0.1 1.0 (ref)
Ever daily use 138 7.8 1 (0.9-1.4) 39 22 16(L 1-2.5) 5 03 2.3(0.7-8.3)

All models were adjusted for calendar period (anained), area of residence, alcohol consumption, and smoking or snus use; along with interac.
: ).

'For definitions, see text—Crude incidence rate per 1,000 person-years.—'Interaction term included in model- Age X calendar period
(attained).~"Interaction term included in mode]- Age X smoking.

. i R o wmg
&;m&m L.~ LI0 o121 153
- Bmeng nevee smokers | —— 13 03t 2o
Suﬁuhnm-.qn?s [' —— 163 45183 a4
Senchang Ever vi. Never age 75+ | — 128 1.95138) o5
Cordiovasculs deatn
St uso Ever va. Mever 11 oe3r12s gg
BTN Feve - aokars V1S 0ar1a7; g

—— 16 (1 3rrEmy 3
Smoking Ever ve. Never, age 75. — 1.23 {1.08-1.38; sag
Camncer cmn )
Snus use Ever vi. Never — 099 paz120; 37
© WTONY Naver -k -,g—-—-—. 128 006169 49
Bemoicng Ever ve. Never i 153 (132-178; as
Aespvarory deam ,'
Smg e Ever v Nover. age <80 '—-——-—--—.‘__T-————_ 08 D15 o3
© BTONG Mever- Srckers . oe w230 o2
Sus use Ever va. Never, age 80+ | ——— . 18 (1227} 1ma
- BTONG Nver pnckers j TYT———— . 10 (1.2-34; wap
Smoking Ever s Never f[ — 172223 1y
|
v T ——— Y T —— Y Y Y
0.0125 025 0.5 1.0 2.0 40 8.0
Hazard Ratio

Ficure 2 - Hazard ratios (HR) and mortality rates (MR) for all-cause monality, cardi
by snus use (blue) and smoking (yellow). Data are gven for all participants and (in analyses of snus effects) for the substratum of never smokers.
All models used anained age as the underlying time-scale and were adjusted for calendar period (attained), area of residence, ale
tion and smoking or snus use. Models for all-cause monality (including model restricied 10 never-smokers) contained the followi
terms: Age > smoking, age X area of residence, and age X alcohol consumption. Interaction terms in the models for card
were: Age X calendar period, age X smoking and age X area of residence. In the models for cancer deaths the interaction

area of residence and age X alcohol consumption. Models for Tespiratory deaths had interaction terms for age X calendar peniod and age > spus
use. § Crude Mortality rate per 1,000 person-years,

641 of them had reported snus use 1n 1973-74. Table | exhibits that included all cohort members and where mutua
charactenistics of the study cohort, including crude incidence rates were made for smokine
of cancer and death by €Xposure categories. between smoking and sn

- e smokers had an increased risk (HR 2.2, 95% (1 1.8-2.7). wheres:
ancer

Snus use, relative to nonuse of snus, was linked 1o 3 trivial and
While smokers f:xh_ibitcd a statistically significant 26% (95% C1 nonsignificant excess (HR 1.1, 95% CI 0.8-1.4).

13-40%) excess incidence of cancer overall relative 1o never- hand, when the outcome was res
smokers (Table 11), no corresponding excess was observed among - : al cance
ever-users of snus relative o never-users (HR 1.00) in a model  6.6) risk elevation was revealed

:‘2.89
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to never-users, based on 11 exposed cases. In the analysis of
the relationship between smoking and the combined category of
oral and pharyngeal cancer, we observed a significant interaction
(p < 0.0015) between smoking and attained age. We therefore
proceeded with age-siratified analyses, which showed a substantial
smoking-related excess (HR 5.6, 95% CI 1.6-19.6) confined 1o
ever-smokers who had attained an age of 70 years or more, rela-
tive 1o never-smokers in the same age bracket.

We then restricted our analyses of snus effects 1o the never-
smoker stratum in order to eliminate possible residual confound-
ing from smoking dose. When total cancer incidence was the
oulcome, no excess incidence emerged among non-smoking ever-
users of snus (HR 1.1, 95% CI 0.9-1.4) relative to individuals
who had never smoked nor used snus, but a 60% excess of smok-
ing-related cancers (HR 1.6, 95% CI 1.1-2.5) was significant
(Table I11). We were unable 1o statistically confirm a nsk elevation
for the combined category of oral and pharyngeal cancer, but the
relative risk estimate was based on no more than 5 exposed cases
(HR 2.3, 95% C10.7-8.3).

Mortality

We estimated relative risks for death of any cause, cancer death,
cardiovascular death and respiratory death. In a model including
all cohort members and where mutual adjustments were made for
smoking and snus use, smoking was significantly linked 10
increased risks for all of the studied mortality outcomes (Fig. 2).
Also snus use was associated with a statistically significant, albeit
small, risk elevation for death of any cause (HR 1.10, 95% C1
1.01-1.21: Fig. 2). A trend toward a snus-associated excess of car-
diovascular death of a similar magnitude did not attain statistical
significance, while the risk of cancer death was close 1o that
among never-users of snus, There was a significant (p < 0.025)
interaction between snus use and attained age in the model with
respiratory death as the outcome. Consequently, the risk for this
outcome was analyzed separately in strata of age below versus
equal to or above 80 years. A statistically significant excess risk
among snus users, relative to never-users of snus, was noted in the
older stratum (HR 1.8, 95% CI 1.2-2.7) but not in the younger.

Analyses of snus effects in strata of never-smokers generally
produced relative risk estimates that were higher than those
yielded in the models that included all cohort members. HR was
statistically elevated 1.23 (95% C1 1.09-1.40) and 2.0 (95% Cl
1.2-3.4) for death of any cause among all never-smoking users of
snus and for respiratory death among such users who had anained
an age of 80 years or more, respectively. Observed hazard ratos
of 1.15 and 1.28 for cardiovascular death and cancer death, respec-
tively, remained statistically nonsignificant.

We performed sensitivity analyses with restriction 1o men aged
25 years or above al entry into the cohort. It 15 unusual that people
take up smoking above this age. The oulcomes were (i) all cancer,
(if) the combined category of oral and pharyngeal cancer, and (111)
all-cause monality, and the analyses were done in the total cohon
as well as in the cohort of never smokers at entry. In all of these
analyses, the results were essentially identical to those obtained in
the exhibited main analyses without age restrictions (data not
shown).

Discussion

The results of this population-based cohort study among Swed-
ish men with essentially complete register-based follow-up and an
accumulated person-ume experience of more than 220,000 years
suggest that snus use is not associated with an increased incidence
of cancer overall but tentatively with an excess incidence of the
combined category of oral and pharyngeal and of total smoking-
related cancer. In analyses confined to never-smokers, where con
founding from smoking dose is unlikely to occur, we observed rel-
ative risks of 2.3 (though based on 5 cases) and 1.6, respectively
In addition. statisucally significant excesses were noted with

-
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regard to all-cause mortality and mortality due 10 respiratory dis-
eases, the latter excess being limited to the very oldest.

The excess of the combined category of oral and pharyngeal
cancer incidence is at odds with results from all of the more recent
case-control”™ 2" and cohont®™” studies of Scandinavian moist
snus. However, since individuals who combine smoking with snus
use may be exposed 10 a lower smoking dose and may increase
their overall chances of subsequent abstinence compared 10 those
who only smoke,”' residuai negative confounding from total cu-
mulative smoking dose is an important concern. Indeed, while a
Swedish case-control stedy-found no significant relation between
use of snus and overall risk of head and neck cancer, snus use
among never-smokers (where this residual confounding is more
likely 1o have been eliminalad) was associated with an increased
risk of 4.7 (95% CI 1.6-13.8)." In another study with prospective
design and adjustment for smoking intensity through multivariate
modeling® a 20% reduction in risk of lung cancer was noted, again
suggesting residual negative confounding. Well in line with these
indications are the consistently higher relative nsk estimates in
our analyses that were confined 10 the never-smoking stratum.
We believe that the effect estimates for snus in these strata are
Jess biased compared 10 the estimates obtained in analyses involv-
ing the total cohort of smokers and non-smokers and in which
control for confounding by smoking is attempted through multi-
variate modeling. With only one cxccption." previous studies did
not have sufficient power to analyze snus effects in strata of
never-smokers.

The presence of a range of carcinogens, among which the
tobacco-specific nitrosamines (TSNAs) NNN and NNK appear 10
be the most important ones, is well established in smokeless
tobacco.”” Although TSNA levels in snus on the Swedish market
have been greatly reduced since the 1980s,”" the prerequisites for
carcinogcnici;y are indisputably present. A recent report from the
United States®* provides evidence that users of smokeless tobacco
may be exposed to NNK to a similar degree as are smokers. And
others have shown that differences in current TSNA levels
between American and Swedish moist snuff may not be substan-
tial.>® Therefore, while disagreeing with previous Scandinavian
studies, our results may be biologically plausible but they have 10
be confirmed in further studies on Swedish moist snus.

Whether or not the observed increased overall mortality and the
similarly sized, statistically nonsignificant excess of cardiovascu-
lar deaths can be attnibuted to snus use warrants further studies.
Experimental data in both animals® ™" and humans™*' have
demonstrated that nicotine and smokeless tobacco, including
Swedish moist snus'*~ raise blood pressure and pulse rate, albeit
the results are ambiguous as regards the risk of chronic hyperten-
sion. Two Swedish cohort studies indicated an approximately 40%
excess risk of death'” or incidence** from cardiovascular disease.
Additional Swedish case-control data suggest that the excess of
myocardial infarction might be confined to fatal cases,”*** in line
with animal data showing an increased propensity for cardiac
arthythmias' and an increased size of experimentally induced
myocardial infarctions after exposure 10 nicotine ***? Previous
epidemiological data on the risk of fatal cardiovascular disease,
however, have been inconsistent, and the positive findings did not
attain statistical significance.

Our observed excess risk of respiratory deaths, seemingly lim-
ited 10 the very oldest, is consistent with findings in the American
Cancer Prevention Study.*” The mechanisms, including the possi-
bility of confounding, are yet to be established. The effect-modifi-
cation by attained age might suggest that at least 60 years of expo
sure is required for the effect. An aliernative possibility is that the
very oldest were the ones who were most heavily exposed 1o snus
from the distant past. If snus has become successively less detri-
mental to the general health it 1s conceivable that late effects
might be seen only among octogenanians and older. The manufac-
turing processes for Swedish snus have changed over the decades
and there are data 1o suppon that the levels of N-nitrosamines
have diminished in the past 25 vears.”’
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Strengths of our study include the Prospective design with
essentially complete follow-up, and the anchorage in the general
population.

reversed causation or selection bias Vis-a-vis oral cancer is practi-
cally excluded.

An important caveat is the fact that the exposur® information
was collected in 1973-74, up 10 29 years prior to the occurrence
of studied outcomes. |1 js possible that the tobacco habits had
changed after inclusion into the cohort. In a subcohort comprising
252 men tobacco habits were recorded both ap entry (1973-74)
and at reexardination in 199395 *1—3 Among the 22 who were
never users of tobacco in 1973-74 nobody had taken up smoking,

Since smoking is rarely taken up afier age 25, the analyses that

increased more Among snus users than among nonusers of snus.
This is highly unlikely.** A recent Swedish study reported a
high probability of continuing snus use once the habit has been
initiated.*®

Of further concern is the unavailability of data on a range of
conceivable confounding factors. Fortunately, relevant are only
factors that are linked 10 the use of snus and which are not in the
causal pathway between snus use and the studied outcomes, This

probably rules out covert factors such as cholesterol levels, hyper-
tension, but also even anthropometric measures, infections, and

some chance findings,

As 32% of the initially invited individuals chose not 1o panici.
pate, the external validity is somewhat uncenain. It s conceivable
that a “healthy participant effect™ was in operalion so that the par-
ticipants, on average, were healthier than the general Swedish
population. Therefore, effect sizes might differ somewhat from
what would have been observed if the entire population had par-
ticipated. On the other hand, the “healthy participant effect” js
likely 10 have slightly reduced the range of exposure 1o various

founding from these factors.
In conclusion, our results are inconsistent with claims thay the

use of Scandinavian moist snus is without demonstrable risk.
While relative risks of the studied outcomes are consistently lower

than those associated with smoking, and the combined previoys
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Introduction
Although there js well-established
evidence for a causal link between
cigarette smoking and cardiovascular
damage and disease,! the reasons behind
the development of atherosclerosis in
smokers are not fully understood. The
nicotine content of cigarette smoke is a
suspected contributor to vascular dam-
age, as nicotine has a vanety of poten-
tially relevant cardiovascul
Nicotine most likely promotes athere.
sclerotic discase by its actions on lipid
metabolism and coagulation,?S by hemo.-
dynamic effects,14 and/or by causing
endothelial injury.s
However, there have been no stud-
ies on long-term €Xposure 1o pure
nicotine in humans, and only limited
experience from animal studies.” There-
fore, users of smokeless tobacco (snuff)
pPresent an excellent Opportunity for
Studying the effects of exposure to
nicotine without simultaneous exposure
to carbon monoxide and other combus-
tion products of tobacco smoke. |y has
been shown that the use of smokeless
tobacco, during which nicotine is gh-
sorbed through the buccal mucosa, pro-
duces maximum blood levels of nicotine
similar to those produced by cigarette
smoking and results in 3 larger overall
€Xposure to nicotine owing to prolonged
absorption 89
In a recent Cross-sectional study, it
was observed that middle-aged and
older smokeless tobacco users had a
significantly higher prevalence of hyper-
tension than either nonusers or smok-
ers.'® The smokeless tobacco users were
also affected more than nonusers by
cardiovascular Symptoms. During a
4-year follow-up period, smokeless to-

(&N ]
)

S|
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bacco users had a higher risk than
nonusers of disability Tetirement due to
cardiovascular diseases. The excess risk
Was quite similar to the €xcess risk
observed in smokers.

The aim of the present study was 1o
investigate whether long-term exposure
to smokeless tobacco js associated with
an excess risk of dying from cardiovascy-

Materials and Methods
Subjects

The study Population compriseq
135036 men who had received medica)
checkups under the auspices of the
Swedish Construction Industry’s Organi-
zation for Working Environment Safety
and Health during the years 1971 through
1974. The cohort included construction
workers, elcctricians, Painters, sheet
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TABLE 1—Distribution of the Study Population, by Age and Tobacco Habht

Smokeless
Tobacco  Smokers, Smokers,

Age Nonusers Users <15cig/d =>15cig/d Ex-Smokers Total
<35y 13120 2891 7 626 6 350 4 369 34 356
35-54y 13784 1672 5225 5785 B 222 34 688
55-65y 5642 1734 2132 1383 4 846 15737
All 32546 6297 14 983 13518 17 437 84 781

M.ﬂmemh-dmﬁadbbmmawmmpbuudgms{m&m.aa?m

of the total sample of 135 (036) are excluded from table.

responded to it. In 1974 there were
183 865 rcgjstr,rcd workers in the Swed-
ish construction industry; it is not known
to what extent the nonattending workers
( =25%) were not reached by the invita-
tion or were not willing to come. Women
(< 0.5% of workers in the construction
industry) were excluded from the study.

Procedures

A standardized program was fol-
lowed for the medical examination.
Body weight and height were deter-
mined. Blood pressure was measured
after 5 minutes of rest in a supine
position. A standard mercury manom-
eter on the upper arm was used to record
the systolic level when phase 1 (Korot-
koff) sounds were heard and the dia-
stolic level at phase 5 (disappearance of
sounds). Blood pressure was recorded to
the nearest 2 mm Hg. Heart rate was
recorded as beats per minute, simulta-
neously with the blood pressure measure-
ment.

Tobacco habits by kind of tobacco
use (cigarettes, smokeless tobacco, pipe,
cigar, or mixed use), amount of smoked
tobacco, and duration of the tobacco
consumption habit were recorded with
the aid of a questionnaire that the
subject filled out together with a nurse.
The questionnaire also requested infor-
mation about present or past history of
symptoms and diseases as well as current
medication.

The members of the study popula-
tion identified between 1971 and 1974
and who were alive on January 1, 1974,
were followed regarding cause-specific
mortality during the period 1974 through
1985 with the aid of the National Cause
of Death Register,!! with certification of
the underlying cause of death according
to the International Classification of
Diseases, 8th revision (1CD-8). The under-
lying cause of death is defined as the
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illness that started the chain of events
that directly led to death. The diagnoses
specifically studied were ischemic heart
disease (ICD 410-414), cerebrovascular
disorders (ICD 430-438), all cardiovascu-
lar diagnoses (ICD 390-458), and all
malignant neoplasms (ICD 140-209).

Analyses

The classification of tobacco habits
was aimed at isolating subjects in groups
with a single type of exposure 1o tobacco.
Tobacco users were divided into smoke-
less tobacco users, smokers, ex-smokers,
and others. Nonusers were subjects who
reported that they had never used
tobacco. Smokers were divided into
cigarette smokers who smoked fewer
than 15 cigarettes per day and those who
smoked 15 cigarettes per day or more,
both groups being without any other
kind of former or present tobacco use.
Smokeless tobacco users were subjects
who reported only present smokeless
tobacco use and no former or present
smoking. Ex-smokers were cigarette
smokers who had never smoked a pipe,
smoked cigars, or used smokeless to-
bacco and who had quit smoking; they
were further divided into those who had
not smoked for less than 5 years and
those who had not smoked for 5 or more
years. “Others™ were all subjects with
mixed tobacco use or subjects who
smoked a pipe or cigars. The duration of
the tobacco habit was divided into less
than 15 years and 15 or more years.
Because smokers of more than 15 ciga-
rettes per day consume about the same
amount of nicotine as daily smokeless
tobacco users,”!? special emphasis should
be placed on this group when interpret-
ing the analysis.

In the analysis, blood pressure was
divided into four categories: systolic
blood pressure < 140, 141-159, 160-
179, and =180 mm Hg and diastolic

o
~D

#

blood pressure <85, 85-94, 95-104, and
2105 mm Hg. Blood pressure and heart
rate data were missing for 0.2% of the
subjects. The body mass index was
calculated as body weight in kilograms
divided by height in meters squared.
Body mass indexes were divided into
four categories: <20.0, 20.1-25.0, 25.1-
30.0, and > 30.0.

Relative risks of death due to
specific causes, together with 95% confi-
dence intervals, were estimated for
subjects with different tobacco habits in
comparison with the nonusers. To adjust
for potential confounding factors, the
Mantel-Haenszel procedure was used!?
and 95% confidence jintervals were esti-
mated according to Greenland et a] 14
Potential confounding factors were con-
sidered to be age (S-year brackets), area
of domicile, blood pressure, blood pres-
sure medication, previous cardiac symp-
toms, diabetes, and body mass index.

Analyses of the relationship be-
tween different tobacco habits and mor-
tality were performed for the entire
cobort, for workers entering the study at
ages 35 through 54 years, and for those
entering the study at ages 55 through 65
years.

Results

The distribution of the study popu-
lation by tobacco habit is shown in Table
1; 24.1% of the subjects were nonusers,
4.7% were smokeless tobacco users,
11.1% were smokers of fewer than 15
cigarettes per day, 10.0% were smokers
of more than 15 cigarettes per day, and
12.9% were ex-smokers. The 37.2% of
the population who smoked pipes or
cigars or who had mixed tobacco use
(n = 50255) were excluded from all
analyses.

During the follow-up period (1974
through 1985), there were a total of 8293
deaths in the whole study cohort. Fifty-
seven pereent of the deaths occurred in
the analyzed tobacco-use groups: non-
users, 1322; smokeless tobacco users,
440; smokers of fewer than 15 cigarettes
per day, 900, smokers of 15 or more
cigarettes per day, 923; and ex-smokers,
1126. Cardiovascular disease was the
most common cause of death among the
construction workers. Ischemic hearn
disease caused 38% of the deaths in the
whole study population, implying a crude
cumulative mortality of 2.3% during the
12-year follow-up period.
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TABLE 2—Observed Numbers of Deaths and Relative Risks

(RRs)* for Causes of Death for Different Tobacco Habht Groups

Compared with Nonusers
Smokeless Smokers, <15 Smokers Ex-Smokers, Ex-Smokers,
Nonusers®  Tobacco Users cig/d =15cig/d 1-5y >5y
(At-Risk (At-Risk (At-Risk (At-Risk (At-Risk (At-Risk
of n = 32 546) n = 6297) n = 14 983) n = 13 518) n = 6761) n = 9800)
Death No. No. RR(95%CI) No. RR(95%CI) No. RR (95% Cl) No. RR(95%Cl) No. RR(95% C

All cardiovascular 641
disease

All cancer 372 96

All causes

>

220 14(1.2,16) 450

1.1(09.1.4) 216
1322 440 1.4(1.3,1.8) 900

1.8(1.6,2.0) 381

19(1.7,22) 169

15(1.3,1.8) 276 25(2.2,30) 119
1.7(1.6,19) 923 22(2.0,24) 350

1.4(1.1,1.6) 402 1.1(0.9,1.2)

16(1.3,20) 249 1.3(1.1,1.6)
13(1.2,15) 776 1.1(1.0,12)

Note.Thedeaﬂsdasa?nnnmmpipeudgmmmuhmamudmbmmhamuam
length of time since quitting smoking was unknown;

'Adpstedbragehsﬁwmmhrmgimuodgh

*Nonusers are the referent category (RR = 1.0)./

i

these ex-smokers were not included in this analysis

presented in the table. For 876 ex-smokers (5%).
. Ci = confidence interval.

Table 2 shows the age-adjusted
relative risks of dying of cardiovascular
disease, malignant tumors, and any
cause for different tobacco-use groups
compared with the nonusers. The excess
nisk of dying of cardiovascular disease
was most pronounced for smokers, with
a dose-response relation. In ex-smokers,
the excess risk diminished with the time
since smoking was stopped. Smokeless
tobacco use was also found to be
associated with an excess risk of dying of
cardiovascular disease, whereas regard-
ing death from cancer, no excess risk was
observed. Although the present study
did not analyze different cancer diag-
noses in detail, it was obvious that
smoking had a dose-response relation-
ship to overall cancer risk and that the
excess risk diminished gradually with the
time since smoking was stopped.

Table 3 shows the results of the
analysis of more specific causes of death
in workers in two age groups. Higher
relative risks were observed in the
younger than in the older group for both
smokeless tobacco users and smokers,
compared with the nonusers. For smoke-
less tobacco users compared with nonus-
ers, the relative risk of dying of cardiovas-
cular discase was 2.1 (95% confidence
interval [CI] = 1.5, 2.9) for those in the
younger group and only 1.1 (95%
CI = 1.0, 1.4) for those in the older
group.

Death from stroke was less common
than death from ischemic heart disease,
but with regard to tobacco habits, the
risk patterns for ischemic heart disease
and stroke were the same. The relative
risk of stroke among the younger smoke-
less tobacco users was close to 2,
compared with the nonusers, but the
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number of cases was small and therefore
the confidence interval was wide.

Lung cancer was studied specifically
to evaluate whether hidden smokers
could be found among the declared
smokeless tobacco users. Three deaths
from lung cancer were found in this
group, whose relative risk compared
with the nonusers was 0.9 (95% CI = 0.2,
3.0).

When potential confounding due to
age, area of domicile, body mass index,
blood pressure, diabetes, and history of
heart symptoms or blood pressure medi-
cation at the time of entering the study
was analyzed according to the Mantel-
Haenszel procedure, the relative risks of
death from cardiovascular diseases re-
mained essentially unchanged. For can-
cer and overall mortality, no changes in
the relative risk estimates were found
when confounding factors were consid-
ered.

It was not considered meaningful to
evaluate the duration of the tobacco
habit in relation 1o cardiovascular mortal-
ity because very few subjects in age
groups prone to various cardiovascular
manifestations (i.c., those older than 45
years) exhibited a duration of tobacco
use of less than 15 years, as most tobacco
users start the habit at a young age.
Eighty-seven percent of the cardiovascu-
lar deaths among smokeless tobacco
users were associated with a tobacco
habit duration of more than 15 years at
the time the subjects entered the study.
The corresponding figure for smokers of
fewer than 15 cigarettes per day was
89%; for smokers of 15 or more ciga-
rettes per day, the figure was 97%.

Figure 1 shows, for subjects who
entered the study at ages 35 through 54

770

years, the relative risk of dying of
ischemic heart disease for subjects in
different tobacco-use categories com-
parea with the nonusers. For smokeless
tobacco users, the risk of death from
ischemic heart disease was higher than
that of nonusers and ex-smokers but
lower than that of cigarette smokers.

Discussion

The present study of cardiovascular
and cerebrovascular mortality in a co-
hort comprising more than 6000 smoke-
less tobacco users is the first observa-
tional epidemiological cohort study with
the possibility of comparing a large
group of smokeless tobacco users with
both smokers and subjects not using any
kind of tobacco. The results indicate an
apparent excess rnisk of death from
cardiovascular and cerebrovascular dis-
cases of about 40% to 100% among
smokeless tobacco users, compared with
nonusers, when possible confounding
factors are taken into account. Smokers
face even higher risks of both cardiovas-
cular and cerebrovascular causes of
death.

In a recent case—control study from
northern Sweden encompassing 35-
through 64-year-old men with a first
myocardial infarction and population-
derived controls, smoking but not the
use of smokeless tobacco was associated
with an increased risk of myocardial
infarction.’ These results, which are
contradictory to ours, could be due to
differences in study design and compaosi-
tion of reference groups. Reasonably,
the power to detect potential hazard
effects from smokeless tobacco use is
greater in an observational cohort study
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TABLE 3—Cause-Specific Mortality among Swedish Construction Workers during 12-Year Follow-Up after 1971-1974

Health Examination
Smokeless Smokers, Smokers Ex-Smokers, Ex-Smokers,
Nonusers* Tobacco Users <15cig/d >15cg/d 1-5y >5y
Cause of
Death No. No. RR(95%Cl) No. RR(95%Cl) No. RR(95%ClI) No. RR(95%Cl) No. RR (95% CI)

Age 35-54 years at entry Into study

(At-Risk (At-Risk (At-Risk (At-Risk
n=13784) n=1672) n = 5225) n=5785)
Ischemic 123 35 20(1.4,29) 128 26(21,34) 162 33(26,4.2)
heart disease "
Stroke “16 4 1.9(06,5.7) 17 27(1.4,54) 19 301557
All cardiovascular 154 44 21(15,29) 164 27(22,34) 199 3.2(26,3.9)
disease
All cancer 128 22 12(08,19) 62 12(09,17) 116 22(1.8,29)
Lung cancer 5 112(02,91) 16 B.1(3.2,204) 43 214 (85, 54.1)
All causes 440 105 1.9(1.6,2.4) 317 20/(1.7,2.3) 437 26(2.3,3.0)
Age 55-65 years at entry into study
(At-Risk (At-Risk (At-Risk (At-Risk
n = 5642) n=1734) n = 2132) n = 1383)
Ischemic 359 137 1.2(1.0,1.5) 225 1.7(1.4,19) 122 14(1.2,1.8)
heart disease
Stroke 70 26 12(0.7.1.8) 19 07(04,1.2) 25 16(1.0, 2.5)
All cardiovascular 480 174 1.1(1.0,1.4) 272 15(1.3,1.7) 167 15(1.3,1.7)
disease
All cancer 223 69 1.0(0.8,1.3) 145 1.7(1.4,21) 148 29(2.3,3.5)
Lung cancer 8 2 08(0.1,39) 36 11.9(55,256) 57 30.6(14.6,64.1)
All deaths 820 301 12(1.0,1.3) 496 16(1.5,1.8) 377 20(1.8,2.2)

(At-Risk (At-Risk

n=2882) n = 5005)
37 14(10,21) 67 1.2(09, 1.6)
4 12(04,.37) 5 07(0219)
46 14(1.0.20) 83 1.1(09,1.5)
42 16(1.1,22) 62 1.1(08,15)
7 67(23,197) 3 12(08, 4.5)
114 1.3(1.1,1.6) 189 1.0 (09, 1.2)

(At-Risk (At-Risk

n = 1076) n = 3660)

B89 13(1.1,1.6) 248 1.1(09,1.2)

20 1.5(0.9, 2.5)
120 1.3(1.1.1.6)

35 08 (05,1.2)
317 1.0 (0.9, 1.2)

69 16(1.3,2.1) 183 1.3(1.1,15)
14 9.4(3.9,223) 12 23(1.0,57)
212 14(1.2,16) 576 1.1(1.0,1.2)

Note. For some ex-smokers (335 [4.1%] of those aged 35-54 years at entry and 110 [2.3%] of those aged 5565 years at entry), length of time since quitting
smoking was unknown; thasa ex-smokers were not included in this analysis. No. = number of deaths in the group; RR = relative risk, adjusted for age
(5-year intervals) and for region of origin, for tobacco users compared with nonusers; Cl = confidence interval.

*Nonusers are the referent category (RR = 1.0).

3.5

9 S

Smokers
2156
cig/day

Smokeless Smokers
tobacco <15
users cig/day

Ex-
smokers
since < 5

years

Ex-
smokers

Noniusers

since =5

years

Note. Onty subjacts who were 35- 54 years of age at entry N0 the study are included

FIGURE 1—Ad|usted relative risk (RR), together with 95% confidence interval, of
dying due to Ischemic heart disease among subjects in different
tobacco hablt groups as compared with nonusers.
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with 3159 deaths due to ischemic heart
disease (of which 172 were smokeless
tobacco users) than in a smaller case-
control study with 585 incident cases of
myocardial infarction (of which 59 were
smokeless tobacco users). In addition,
our nonusers had never used any to-
bacco, whereas the nonusers in the
case—control study included both former
smokers and former smokeless tobacco
users. The use of such “nonusers™ might
have contributed to a dilution of a
possible excess risk for myocardial infarc-
tion in smokeless tobacco users.

Possible bias due to misclassifica-
tion of both exposure and disease should
be considered in our study. Assuming
that smokers have a higher risk of dying
from cardiovascular disease than smoke-
less tobacco users, a misclassification of
smokers in the smokeless tobacco users
group would lead to an overestimation
of the relative risk associated with
smokeless tobacco (i.e., the observed
relative nisk would be 100 high). How-
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ever, if the proportion of misclassified
smokers in the group classified as using
smokeless tobacco was considerable, an
elevated risk of dying from lung cancer
would have been expected. Only three
deaths from lung cancer were found
among those classified as smokeless
tobacco users. The corresponding rela-
tive risk of dying from lung cancer,
compared with nonusers, was 0.9 (95%
Cl =02 3.0). In addition, different
kinds of smokers or smokeless tobacco
users wrongly classified as nonusers
would result in an underestimation of
the correlation between smokeless to-
bacco use and mortality due to cardiovas.-
cular disease. On combining different
sources of bias due to misclassification of
exposure, one finds that an underestima-
tion of the relative risk of death from
cardiovascular disease associated with
smokeless tobacco use is more likely
than an overestimation.

No follow-up recording of subjects’
tobacco habits after entry into the study
has been made. The most common
change in tobacco habits in adults is 10
quit using tobacco. If our subjects had
quit using tobacco, the relative risk
estimates might have been diluted com-
pared with what would be expected if no
change took place during the follow-up
period. If smokeless tobacco users had a
tendency to start smoking, the estimated
relative risks for smokeless tobacco users
would be exaggerated. Nearly all smoke-
less tobacco users had used smokeless
tobacco for more than 15 years without
smoking, so it is reasonable 1o assume
that the possible influence of such
changes has been small.

The completeness of the Swedish
National Cause of Death Register is
almost 100%, as all deaths are required
to be registered." The validity of the
underlying causes of death stated in
death certificates has been evaluated
and found to be high regarding cardiovas-
cular diseases, stroke, and cancer !’
Possible misclassifications are not likely
to be dependent on the type of tobacco
habit and therefore should not affect the
relative risk estimates. '8

The relationship between smoke-
less tobacco use and mortality due 1o
specific causes was scrutinized regarding
potential confounding from age, area of
domicile, body mass index, blood pres-
sure, diabetes, and history of heart
symptoms or blood pressure medication
at the time of entering the  study.
Cardiovascular risk markers such as
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total cholesterol were not routinely
measured at the time of the medical
examinations of this cohort, and there-
fore it was not possible to adjust for
hypercholesterolemia as a confounding
factor in the analysis. Cholesterol and
high-density lipoprotein cholesterol did
not differ between smokeless tobacco
users and nonusers in two studies of
relatively young users of smokeless to-
bacco, %2 py¢ significantly higher levels
of plasma cholesterol were found in
smokeless tobacco users in one study in
which older users were also examined.?!
The body mass index of smokeless
tobacco users is generally higher than
that of nonusers and considerably higher
than that of smokers, 10 possibly implying
differences in lipoprotein levels. How-
ever, the body mass index regarded as a
confounder in the analysis did not
change the relative risk estimates for the
association between smokeless tobacco
use and mortality due to cardiovascular
disease.

It was not possible to consider
potential confounding due to alcohol
use, as no information on alcohol use
was included in the medical €xamination
data for this cohort. There is a positive
correlation between hypertension and
alcohol consumption.? Other studies
have shown that smokeless tobacco users
consume more alcohol than nonus-
ers.”®® Similarly, tobacco users tend to
exhibit other risk behaviors more often
than nonusers. 2 Considering the rela-
tive homogeneity of the study popula-
tion—all of whom were construction
industry cmployees—and the relative
risk associated with smokeless tobaceo
use among subjects aged 35 through 54
years at entry into the study, as well as
the relative risk associated with heavy
alcohol consumption, it js unlikely that
differences in alcohol consumption (be-
tween smokeless tobacco users and
nonusers) would explain the findings
entirely. Moreover, the studies on the
relationship between alcohol consump-
tion and cardiovascular discase have
been ambiguous.® There have been,
however, no observations indicating a
difference in alcohol consumption be-
tween smokeless tobacco users and
cigarette smokers, and therefore the
possible confounding effect of alcohol
use can be suspected to be comparable
for both kinds of tobacco use.

In a cross-sectional study of the
health status of this cohort, systolic and
diastolic blood pressure values were

=924

-
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found to be significantly higher among ™

smokeless tobacco users than among
either nonusers or smokers, 10 This differ-
€nce was not significant at younger ages
but became obvious in subjects older
than 45 years. Smokers had the lowest
prevalence of hypertension, as has been
found in many other ¢pidemiological
studies 2252 The significantly higher
prevalence of hypertension found among
smokeless tobacco users, compared with
cigarette smokers, could reflect differ-
ences in the pkarmacodynamic effects of
nicotine in smokeless tobacco users and
smokers. The use of smokeless tobacco
yields high blood concentrations of nico-
tine and more prolonged and more
perpetual levels than smoking. These
high concentrations might be accompa-
nied by longer periods of cutaneous
vasoconstriction, systemic venoconstric-
tion, and increased muscle blood flow in
smokeless tobacco users,?? ang it could
be speculated that such mechanisms are
more operative for the development of
hypertension in smokeless tobacco users
than in smokers.

_ The construction industry demands
a high level of physical performance.
Persons with decreased Capacity are not
hired or leave the industry; therefore,
construction workers are physically fitter
than average citizens of the same age.

Because the study sample

workers, the healthy worker selection
could be expected to be more obvious
among the workers who belonged to the
higher age group at entry into the study.
This situation could explain the more
Pronounced excess risk of cardiovascular
mortality found among the younger
tobacco users than among the older
tobacco users in relation to nonusers in
the same age group.

Since smoking—and probably also
the use of smokeless tobacco—affects
the cardiovascular system in an unfavor-
able way and leads to poorer physical
performance, the above-mentioned selec-
tion process may also be related to
tobacco habit, probably resulting in an
underestimation of the strength of the
relationship between tobacco use and
cardiovascular mortality.

The results of this study support the
hypothesis that smokeless tobacco users
face a higher risk than nonusers of dying
of ischemic heart disease and cerebrovas.-
cular disorders. Smokers still seem to be
at the highest risk, and qQuitting smoking
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considerably reduces the risk of cardio-
vascular events. Even though nicotine is
the main substance common to both
smokers and smokeless tobacco users, it
remains to be elucidated in clinical
studies and by laboratory experiments
whether the higher risk of cardiovascular
disease in smokeless tobacco users is
caused by nicotine or by some other
exposure related to smokeless tobacco.
Data on vasoconstriction, arrythmias,
release of stress hormones, atherogenic
effects, or hypertension caused by the
exposure to nicotine in” smokeless “to-
bacco might elucidate this matter. The
higher risk of dying of cardiovascular
disease in smokers than in smokeless
tobacco users supports the idea that
there are substances in tobacco smoke
other than nicotine that are hazardous.
Although the risk of dying of cardiovas-
cular disease is lower for smokeless
tobacco users than for smokers, the
excess risks are sufficiently impressive to
call for action to be taken against the use
of smokeless tobacco. [
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Abstract: The present study was conducted to
clarify the effects of chewing a quid containing areca
nut and tobacco on periodontal tissue and oral hygiene
status. A total of 365 subjects (168 chewers and 197 non-
chewers with a mean age of 32.5 + 0.7 and 304 + 0.8
years, respectively) were enrolled. Clinical data on
periodontal tissues, oral hygiene status, as well as
information on bleeding from gums, ulcers in the oral
cavity, or a burning sensation in the soft tissues, were
collected as indicators of the possible presence and
extent of periodontal lesions. The results indicated that
asignificantly higher number of quid-chewers suffered
bleeding from the gums, halitosis, difficulty in opening

the mouth and swallowing solid food, a burning
sensation in the soft tissues, and ulcers in the oral
cavity than non-chewers, There was no significant
difference between quid-chewers and non-chewers
with respect to oral hygiene measures adopted. However,
clinical examination using the oral hygiene index score
indicated that the oral hygiene status of quid-chewers
was significantly deteriorated. The effect of quid-
chewing on the periodontium, i.e. the occurrence of
periodontal pockets, gingival lesions and gum recession,
were significantly higher in quid-chewers than in non-
chewers. Age, sex and smoking adjusted odds ratios for
quid-chewers against non-chewers using logistic
regression analysis indicated that, in general, chewers
were at significantly higher risk for various oral
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complaints and periodontium status. The present data
indicate that chewing quid comprising areca nut and
tobacco has adverse effects on periodontal tissues, oral
hygiene and incidence of oral lesions. (J. Oral Sci. 50,
57-62, 2008)

Keywords: periodontal; chewers; tobacco; areca nu;-
smokeless tobacco; gingival lesions; oral
hygiene.

Introduction
A number of diseases are associated with food habis,
lifestyle and environmental factors. It is estimated that about
600 million people chew areca nut (1), among whom a large
proportion use tobacco with it Gupta and Wamnakulasuri ya
reported that a substantial Proportion of the world’s
population is engaged in chewing areca nut, and that the
habit is endemic throughout the Indian subcontinent, large
parts of south Asia and Melanesia. A large variety of
ingredients, including tobacco, may be used along with
areca nut constituting a betel quid (2). Furthermore it has
been reported that use of betel quid and areca nu In any
form is unsafe for oral health, and tha commercial forms
SEEMS 10 pose an even higher risk (3). Both areca nut and
tobacco are addictive. From the viewpoint of the various
effects of areca nut-chewing on health, and its carcinogenic
potential designated recently by the IARC (4), we consider
that chewing areca nut with or without tobacco poses one
of the greatest threats 1o global health today. The habit is
widespread in Southeast Asia and the South Pacific ang
among people of Indian origin who have migrated
elsewhere. There has been a sharp rise in this habii
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especially amongst the young. In addition, the new habit
of chewing panmasala [consisting of areca nut (Areca
catechu), catechu (Acacia catechu), lime, cardamom
(Elettaria cardamomum), and unspecified flavoning agents
with tobacco {gutaka) or without tobacco (plain or meetha-
sweetened)] is increasing rapidly, even among those who
generally refrain from smoking and tobacco-chewing.
Increasing use of tobacco and betel nut chewing, especially
panmasala with or without tobacco, by vulnerable members
of society, i.e. children and pregnant women, and available
data on the role of different chewing habits and cancer,
suggest that the hazardous effects of these habits need to
be reassessed (5). / 4

A wide variety of chewing and smoking habits are
believed to be linked to oral and pharyngeal cancer. These
habits also contribute to other diseases of the oral cavity
and may also affect teeth and supporting periodontal
tissues due to the excessive mastication load and exposure
to various components of the chewing quid. Recently we
have published a letter indicating that chewing quid
composed of areca nut and tobacco affects the oral hard
tissues, based on data suggesting that quid-chewers have
a higher prevalence of dental attrition and sensitivity than
non-chewers (6). In addition, chewing areca nut and
tobacco might also affect other organ systems, as it has
been reported that panmasala plain and panmasala with
tobacco both induce a higher incidence of sperm head
morphological abnormality in Swiss albino mice than in
controls (7). Very little attention has been paid to the
association of smokeless tobacco and arcca nut-chewing
and the health of gingival and periodontal tissues, although
a few reports have addressed the chewing of betel or areca
nut and its effects on the periodontium (8). Recently, in
an in vitro study, Jeng et al. found that arecoline (one of
the major areca nut alkaloids) and areca nut extract
suppressed the growth of cultured gingival keratinocytes
(9). Furthermore, Chang et al. have demonstrated that
areca nut extracts suppress growth and protein synthesis
in cultured human periodontal fibroblasts (10). These in
vitro findings suggest a role of areca nut-chewing in the
deterioration of gingival and periodontium tissues. The
present study assessed the gingival, periodontium, and
oral hygiene status of chewers of a mixture of areca nut
and tobacco in comparison with non-chewers.

Materials and Methods
Participants
A cross-sectional study was conducted among apparently
healthy patients attending the Outpatient Department
(OPD) of the Government Dental College and Hospital,
Ahmedabad. Gujarat. India, because of various dental
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diseases, as well as subjects attending the OPD of the
Civil Hospital, Ahmedabad, Gujarat, India. Written consent
was obtained from each subject after explaining the
objective of the study. The present study was part of a
project approved by the institutional ethics commitiee.
The subjects were divided into two groups — quid-chewers
(n = 168) and non-chewers (n = 197) — for companison
purposes. About 80.5% of the subjects were male. The mean
age (+ SE) of the quid-chewers and non-chewers was 32.5
+0.7 and 30.4 = 0.8 years, respectively. About 22.62% of
quid-chewers and 5.06% of non-chewers were smokers.
The subjects were examined at the Government Dental
College, Ahmedabad, under artificial light using a mouth
mirror, explorer and curved probe.

Data related to bleeding of the gums, halitosis, ability
to swallow solid food, presence of a bumning sensation in
the soft tissues, etc., were collected by questionnaire, and
the presence of ulcers in the oral cavity was checked
clinically. These data were considered to be possible
indicators of the presence and extent of lesions. In addition,
each subject was asked to open his/her mouth in order to
confirm whether there was any difficulty with mouth

opening.

Oral Hygiene Status

The oral hygiene status of the enrolled subjects was
determined by using the Simplified Oral Hygiene Index
(OHI-S). The OHI-S, introduced by Greene and Vermihion
(11) in 1964 and quoted by Peter (2004), comprises the
Simplified Debris Index (DI-S) and Simplified Calculus
Index (CI-S). Each of these indices is based on numerical
determinations representing the amount of debris or
calculus on six pre-selected tooth surfaces.

Debris Index (DI-S):

DI-S was used for evaluating the extent of debns present
on the six pre-selected tooth surfaces, i.e. buccal surface
of the selected upper first molars, lingual surface of the
selected lower first molars, and labial surface of the upper
right and lower left central incisors. The surface area
covered by debris was estimated by running the side of
Shepard crook explorer along each tooth surface.

Debris Index — Simplified — Scoring System
Score
0: Absence of debris
I- Soft debris covering less than the cervical one-third
of the tooth surface.
- Soft debris covering more than the cervical one-third
of the exposed tooth surface but less than the cervical
two-thirds.

e



3: Soft debris covering more than the cervical two-
thirds of the exposed tooth surface.

Calculus Index — Simplified (CI-S):

An explorer was used for scoring of calculus. The same
tooth as those for evaluation of the debris index was
¢xamined. The surface area covered by calculus was
detected supragingivally, and subgingival calculus was

- explored on a randomly selected tooth quadrant,

Calculus Index — Simplified — Scoring System:
Score

¢ 0: Absence of calculus
I: Calculus covering less than the cervical one-third of
the exposed tooth surface.

2: Supragingival calculus covering more than the cervical
one-third, but not more than the cervical two-thirds
of the exposed tooth surface, or presence of individual
flecks of subgingival calculus around the cervical
portion of the tpot],.

3: Supragingival calculus covering more than the cervical
two-thirds of the exposed tooth surface, or a
continuous heavy band of subgingival calculus around
the cervical portion of the tooth.

The Simplified Oral Hygiene Index score for each

individual was obtained by combining the Simplified

Gingival Recession:

Statistical analysis
Logistic regression analysis, Student’s 1 test and chi-

squared test were employed according to which hypothaes
were being tested.

Results

22.6% chewers complained of difficulty in mouth-opening,
as compared with only about 1% of non-chewers.
Furthermore, 10,19, chewers had difficulty in swallowing
solid food, whereas none of the non-chewers had this

Table | Ora hygiene measures adopted by subjects
Oral Hygiene Measures Non-chewers-197 Chewers-168 Total- 365
Do not use brush/powder 10(5.08) 15 (8.93) 25

Use brush/powder occasionally

8 (4.06)

6(3.57) 14

Use brush/powder regularly 179 (90.86) 147 (87.50) 326
Total 197 168 365

F

796

igure in parenthesis is the percentage of ora) hvgiene measyre



problem. A burning sensation in the soft tissues was also
found in a higher proportion of quid-chewers than in non-
chewers. Similarly, ulcers on the oral mucosa were present
in about 6.5% of chewers, as compared to 0.51% of non-
chewers. Logistic regression analysis revealed that, in
general, chewers had significant odds ratios for the various
oral complaints studied with respect to non-chewers after

Table 2 Oral hygiene status of the chewers and non-chewers

Oral hygiene status Non-chewers-197 Chewers-168
Good 97(49.24) 25 (14.88)° /
Fair 78¢39.59) 1 |; (67.26)

Poor 22(11.17) 30 (17.86)

Total 197 168

Figure in parenthesis shows the percentage of oral hygiene status
* P <0.001 on comparing with non-chewers

adjustment for age, sex and smoking (Table 3). Sex and
smoking did not have any significant impact on the odds
ratio. Furthermore, age had no significant impact on the
odds ratio for difficulty in mouth-opening, difficulty with
swallowing, burning sensation in soft tissues, and ulceration.

An effect of quid-chewing on the periodontium, i.e. the
occurrence of periodontal pockets, gingival lesions and gum
recession, was observed clinically. Periodontal pockets,
occurrence of gingival lesions, as well as gum recession
also had a higher incidence in quid-chewers than in non-
chewers (Table 4). Gingival recession was present in about
50% and 26% of chewers and non-chewers, respectively.
Logistic regression analysis also showed significant odds
ratios for these conditions for chewers as compared with
non-chewers (Table 4). This analysis showed that quid-
chewers are at higher risk for the various conditions
studied, irrespective of sex, indicating a causative role of
areca nut and tobacco in periodontal diseases.

Table 3 Distribution of subjects according to their complaints

Complaints of subjects Non-chewers (197) Chewers (168) *Odds-ratio 95% ClI
Bleeding gums 52 (26.40) 67 (39.88) 1381 (1.08, 1.77)
Bad odor (halitosis) 67 (34.01) 98 (58.33) 1.566 (1.23,1.99)
Difficulty in opening mouth 2(1.02) 38 (22.62) 4.843 (2.32,10.1)
Difficulty in swallowing 0(0.0) 17(10.12) - -
Burning sensation of soft tissue 1(0.51) 47 (27.98) 9 G98 3.55,28.15
Ulceration 1 {051 11 (6.55) - -
Figure in parenthesis is the percentage of complamts
- Indeterminate
* Age, sex and smoking adjusted
Table 4 Periodontal condition of chewers and non-chewers

Periodomal condition Non-chewers Chewers *Odds-ratio 95% CI

Periodontal pocket 61 (30 96) 92 (54.76) 1.643 (1.26,2.14)

Gingival lesions 2(1.02) 10 (5.95) 2.868 (1.24, 6.65)

Gingival recession 32 (26.40) 85 (50.60) 1.729 {1.32,232)

Figure in parenthesis is the percentage of periodontal condition
* Age, sex and smoking adjusied odds ratio of chewers against non chewers
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Discussion

This study revealed no significant difference between
quid-chewers and non-chewers with respect to oral hygiene
Mmeasures adopted. However, the mean value of the OH]
among chewers was higher than among non-chewers, This
suggests that quid-chewers had a poorer oral hygiene
Status than non-chewers, even though both groups
undertook almost the same oral hygiene measures, and thar
quid-chewing plays a significant role in deterioration of
oral hygiene. Complaints such as bleeding gums, halitosis,
difficulty with mouth-opening and swallowing solid food,
and a burning sensation in the soft ussues were significantly

lobacco—chcwing in oral health status. Prcwously, Ling et
al. reported that bete] quid-chewing was associated with
a higher prevalence of bleeding where higher clinical
disease existed, and with a likelihood of higher subgingival
infection with A. actinomycetemcomitans and P gingivalis
(12). However, in the present study we were unable 1o
determine whether the subjects had these infections or
diabetes.

The hardness of the areca nut and interactions among
the various ingredients of chewing materials with
periodontal tissues might be responsible for the poor
periodontal status of chewers. Areca nut, which contains
alkaloids such as arecoline, might have a significan;
causative role in periodontal diseases along with other
vanables such as the level of oral hygiene, dielary factors,
general health and dental status, and tobacco-smoking. This
lends support 10 the earlier in vitro findings of Chang et
al. (10), who reported that areca extracts containing
arecoline inhibit the growth and attachment of, and protein
synthesis in, human cultured periodontal fibroblasts. On
the basis of these findings, they proposed that areca might
be cytotoxic to periodontal fibroblasts and may exacerbate
pre-existing periodontal disease as well as impairing
peniodontal reattachment. The present data on periodontal
status confirm the earlier findings of Waerhaug (13), who
reported that more areca consumers had periodontitis than
hon-consumers, even when comparative levels of ora]
hygiene were present. He suggested that areca nut
consumption might act as 2 factor that lowers resistance
to local irritants. The present study also indicated
detenoration of periodontal condition among quid-chewers.
Periodontal pockets, gingival lesions and gingival recession
were more prevalem among chewers than among non-
chewers, even though both groups adopted approximate] y
the same oral hygiene measures. Furthermore, loss of
periodontal attachment and greater calculus formation
has also been reported in areca nut-chewers (14, 15), and
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Baelum e al. have reported a higher prevalence of
attachment loss in older age groups than in younger age
groups (16), suggesting that age could be a factor affect ing
such changes. The present study also suggests that age has
a significant impact on the prevalence of oral complaints
and periodontal conditions. The age-, sex- and smoking-
adjusted odds ratios for quid-chewers against non-chewers
were statistically significant for various complaints and
conditions, suggesting a role of the chewing habit fn the

Recently, Chatrchaiwiwatana reported that bete] quid-
chewing was direct) Y associated with periodontitis in he
presence of several confounding factors (] 7). The present
study indicated tha chewing areca nut and tobacco has a
potentially causative role in the development of oral lesions,
and deterioration of oral hygiene and periodontal status,
as higher odds ratios were observed for various lesions and

periodontal status after adjustment for age and sex.

Acknowledgments
The authors are grateful to the Director, NIOH ang Ex-
. Government Dental College, Ahmedabad, Gujarar,
for the use of facilities and encouragement, and also to the

References

1. Nelson BS, Heischober B (1999) Betel nut: 3
common drug used by naturalized citizens from
India, Far Eag Asia and the South Pacific Islands.
Ann Emerg Med, 34, 238-243

2. Gupta PC, Warnakulasuriya S (2002) Global
epidemiology of areca Nutusage. Addict Biol 7, 77.
83

3. Gupta PC, Ray CS (2004) Epidemiology of betel
quid usage. Ann Acad Med Singapore 33, Suppl 4,
31-36

rsks to humans Vol 85. Betel-quid and areca-nuy
chewing and some areca-nut-derived nitrosamines.
39-48

5. Kumar §, Saiyed HN (1999) Role of betel nup
chewing in cancer- jts toxicity and chemoprevention
— an overview. Indian J Environ & Toxicol 9, 51 I

6. Kumar S, Parmar G, Saiyed HN (2004) Nut and
tobacco chewing. Br Dent J 197, 292

7. Kumar S, Nigam SK, Shaikh SA . Saiyed HN (2003)



62

12.

Effect of pan masala on sperm morphology of a
mouse. Bull Environ Contam Toxicol 70, 1184-
1188

. Gupta OP (1964) An epidemiological study of

periodontal disease in Trivandrum, India. J Deni Res
43, 876 (abstract)

Jeng JH, Hahn LJ, Lin BR, Hsieh CC, Chan CP,
Chang MC (1999) Effects of areca nut, inflorescence
piper betel extracts and arecoline on cytotoxicity, -
total and unscheduled DNA synthesis in cultured
gingival keratinocytes. J Oral Pathol Med 28, 64-
71

. Chang MC, Kuo MY, Hahn L], Hsich CC, Lin SK, /

Jeng JH (1998) Areca nut extract inhibits the growth,
attachment, and matrix protein synthesis of cultured
human gingival fibroblasts. J Periodontol 69, 1092-
1097

Peter S (2004) Indices in dental epidemiology. In
Essentials of preventive and community dentistry,
2nd ed, Arya, New Delhi, 127-240

Ling LJ, Hung SL, Tseng SC, Chen YT, Chi LY, Wu
KM, Lai YL (2001) Association between betel quid
chewing, periodontal status and periodontal

717

9

13.

14

16.

17.

pathogens. Oral Microbiol Immunol 16, 364-369
Waerhaug J (1967) Prevalence of periodontal disease
in Ceylon. Association with age, sex, oral hygiene,
socio-economic factors, vitamin deficiencies,
malnutrition, betel and tobacco consumption and
ethnic group. Final report. Acta Odontol Scand 25,
205-231

Anerud A, Loe H, Boysen H (1991) The naturai
history and clinical course of calculus formation in
man. J Clin Periodontol 18, 160-170

. Amarasena N, Ekanayaka AN, Herath L, Miyazaki

H (2002) Tobacco use and oral hygiene as risk
irfdicators for periodontitis. Community Dent Oral
Epidemiol 30, 115-123

Baelum V, Pisuithanakan S, Teanpaisan R,
Pithpornchaiyakul W, Pongpaisal S, Papapanou PN,
Dahlén G, Fejerskov O (2003) Periodontal conditions
among adults in Southern Thailand. J Periodontal
Res 38, 156-163

Chatrchaiwiwatana S (2006) Dental caries and
periodontitis associated with betel quid chewing:
analysis of two data sets. ] Med Assoc Thai 89, 1004-
1011



Oral melanin pigmentation in smoked and smokeless tobacco users in India.

Clinico-pathological study.
Sarswathi TR, Kumar SN, Kavitha KM.

Indian J Dent Res. 2003 Apr-Jun;14(2):101-6.

Abstract
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Impact of gutkha chewing & smoking on microbial environment of oral
cavity: a case study on slum dwellers of selected areas in Visakhapatnam.

Avasn Maruthit Y, Rao RS, Palivela H, Thakre S.
J Environ Sci Eng. 2004 Oct;46(4):268-73.

Abstract

Oral diseases are still a neglected epidemic. During the recent years, in India, both in urban and
rual, consumption of tobacco in the form of direct chewing of gutkha is alarmingly increasing
especially in the young adults as which 1s major reason for subsistepce of oral cancer. In the
present investigation an attempt was made to find out the relationship between gutkha chewing
including smoking and oral micro flora in some slum dwellers of Visakhapatnam. The subjects
were randomly selected and their health data was collected by distributing questionnaire to
control and effected subjects. The oral saliva samples were collected from both gutkha chewers,
smokers and from control groups by using saline swabs and inoculated on suitable nutrient
media. The results revealed that decrease in salivation and mucous formation in gutkha chewers,
which further resulted in reduction in number of oral micro flora. Aspergillus species appeared
only in gutkha chewers and smokers. Gutkha chewing and smoking thus, may lead to an increase
in the oral pathogens by reducing the normal symbiotic microbial flora.
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Tobacco habits and oral health status in selected Indian population.

Vellappally S, Jacob V. Smejkalova J, Shriharsha P, Kumar V, Fiala Z

Cent Eur J Public Health. 2008 Jun;16(2):77-84.

Abstract =

This cross-sectional study was aimed at possible re
selected behavior characteristics in an adult sam
examination comprised an intra-ora] exam
in the form of DMFT (Decayed, Missing,
subjects in the age group from 30 to 69 ye
participants were divided into regular smo
chewers and non-tobacco users. The high

lationships between tobacco habits and "
ple from India. Contemporaneous clinical i
ination with specific emphasise to dental caries status

and Filled Teeth) index. The study comprised 805 9|
ars (72% of males and 28% of females). The

kers, occasional smokers, ex-smokers, tobacco

est prevalence of oral mucosal lesions were found in 1
tobacco chewers (22.7%) followed by regular smokers (12.9%), occasional smokers (8.6%), ex-

smokers (5.1%) and non tobacco users (2.8%) (p < 0.001). The mean number of decayed teeth

was highest in tobacco chewers (6.96) followed by regular smokers (6.44) and ex-smokers (5.5) g
(p <0.001). The mean number of missing teeth was highest in the group of regular smokers (1.9)

and lowest in non-tobacco users (1 .53), but the results were not statistically significant (p =

0.529). The mean number of filled teeth were highest in the group of tobacco chewers (3.67) 7
followed by regular smokers (3.29) (p <0.001). DMFT value of tobacco chewers, regular

smokers and ex-smokers is higher when compared to non-tobacco users (p < 0.001). The study _
documents that chewing tobacco and smoking can present significant risk factors for dental
caries. However, the conclusions are burdened by some limitations. Further studies for
investigation of the effect of tobacco using on dental caries are needed.
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Periodontal health status in pan chewers with or without the use of tobacco.
Sumanth S, Bhat KM, Bhat GS.

Oral Health Prev Dent. 2008;6(3):223-9.

Abstract - >

BACKGROUND: Betel nut and tobacco chewing is a common practice in south-east Asia. In
India, betel nut is commonly chewed in the form of pan, with or \:Jithout tobacco. Numerous
studies have shown the carcinogenic potential of betel nut and tobacco. Betel nut and tobacco are
also known to have deleterious effects on the oral tissues.

PURPOSE: The aim of our study was to evaluate and compare the periodontal effects of pan
chewing with or without the use of tobacco as an ingredient.

MATERIALS AND METHODS: The periodontal status of 300 subjects (150 subjects were pan
chewers with tobacco and 150 subjects were pan chewers without tobacco) was evaluated using
the community periodontal index (CPI). The subjects were selected by the stratified random
sampling method. The oral hygiene status of the subjects was evaluated using the simplified oral
hygiene index.

RESULTS: CPI code-4, with a probing depth of 6 mm or more, was seen in 30% of pan chewers
with tobacco compared with 7.3% of pan chewers without tobacco. It was found that pan
chewers with tobacco had 4.7 times more risk of having pockets than pan chewers without
tobacco. The higher codes of loss of attachment were seen in pan chewers with tobacco
compared with pan chewers without tobacco. It was found that pan chewers with tobacco had 7
times more risk of having loss of attachment when compared with the pan chewers without
tobacco.

CONCLUSIONS: The results show higher incidence of periodontal diseases in pan chewers who
use tobacco compared with pan chewers who do not use tobacco. Based on the results, it was
concluded that, although betel nut has deleterious effects on the periodontium, the addition of
tobacco leads to a synergistic effect between betel nut and 1obacco on the periodontal tissues.
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Assessment of risk factors for oral leukoplakia in West Virginia.

Fisher MA, Bouquot JE, Shelton BJ.

University of Alabama at Birmingham, Department of Diagnostic Sciences, SDB 219, 1530 3rd Avenue South,
Birmingham, AL 35294-0007, USA. mafisher@uab.edu

Abstract ;

OBJECTIVE: To assess risk factors associated with oral leukoplakia in a US Population with high use of smoked
tobacco and smokeless tobacco.
METHODS: The RJ Gorlin Leukoplakia Tissue Registry was used to identify individuals with oral leukoplakia in West
Virginia, USA. This case-control study consisted of 90 cases with oral leukoplakia and 78 controls with periapical
cysts. Univariate-univariable (one dependent variable and one independent variable) and univariate-multivariable
(one dependent variable and multiple independent variables) logistic regression modeling quantified the association
between oral leukoplakia and potential explanatory variables.
RESULTS: Unadjusted measures of association indicate that those with oral leukoplakia were more likely to be older
[odds ratio of crude: OR(Crude) = 2.72: 95% confidence interval (Cl): 1.45-5_1 1]. more likely to currently use
smokeless tobacco (OR(Crude) = 3.16: 95% CI- 1.10-9.07), and more likely to currently use snuff (OR(Crude) = 8.32:
95% ClI: 1.83-37.80). Individuals currently using smokeless tobacco or currently using snuff were more likely to have
oral leukoplakia [adjusted odds ratio, OR(Ad)) = 9.21 and 30.08; 95% CI: 1.49-57.00 and 2.67-338.48, respectively],
after simultaneously adjusting for age, gender, Currently using smoked tobacco, Currently using alcohol daily, and
dental prostheses use.
CONCLUSIONS: Generalizability is an issue when studying risk factors associated with oral leukoplakia because of
geographical variations in the composition of smokeless tobacco (i.e. betel, lime, ash, and N-nitrosamines) and
cultural variations in the use of tobacco (i.e. reverse smoking). Snuff was the main smokeless tobacco product

currently used in West Virginia, and was strongly associated with oral leukoplakia, after adjusting for potential

explanatory variables.

Copyright Blackwell Munksgaard, 2005
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Ambulatory 24-h

Blood Pressure Monitoring

in Healthy, Middle-aged Smokeless Tobacco
Users, Smokers, and Nontobacco Users

Gunilla Bolinder and Ulf de Faire

Ambulatory 24-h blood pressure monitoring was
conducted in 135 healthy, normotensive, middle-
aged (35 to 60 years) men, with no
antihypertensive medication, to study the influence
of habitual smokeless tobacco use (n = 47) and
smoking (n = 29) on diurnal blood pressure and
heart rate. Comparisons were made with nonusers
of tobacco (n = 59). Adjustments were made for
differences in age, body mass index, waist-hip
ratio, physical fitness, and alcohol intake.
Daytime ambulatory heart rates were
significantly (P < .05) elevated in both smokeless
tobacco users and smokers compared with
nonusers (69 = 14 and 74 * 13 beats/min,
respectively, versus 63 + 12 beats/min). In subjects
= 45 years old, ambulatory daytime diastolic blood
pressures were significantly elevated, on average
by 5 mm Hg, in both smokeless tobacco users and
smokers (P < .001) compared with nonusers.
Clinical measurements of heart rate and systolic
blood pressure in smokers were significantly lower
compared with the ambulatory mean values.

Nighttime measurements showed only minor
differences between the tobacco habit groups.

The higher heart rates and blood pressures noted
during the daytime in smokers and smokeless
tobacco users were most likely due to the effects of
nicotine. A strong positive relationship was found
between cotinine (major nicotine metabolite) and
blood pressure in smokeless tobacco users (systolic
blood pressure, T = 0.48, P < .001; diastolic blood
pressure, r = 0.41, P = .005), whereas an inverse
relationship was found in smokers (systolic blood
pressure, T = —0.12, P = .47; diastolic blood
pressure, r = —0.03, P = 84), indicating additional
and more complex influences on vascular tone in
smokers than the influence of nicotine in
smokeless tobacco users. Am ] Hypertens 1998;
11:1153-1163 © 1998 American Journal of
Hypertension, Ltd.

kEy worps: Ambulatory blood pressure, smoking,
smokeless tobacco, nicotine.

large number of epidemiologic studies

consistently show lower blood pressures

in smokers compared with nonsmokers.’

This finding is regarded as a paradox, be-

cause nicotine has potent sympatomimetic effects,
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TABLE 1. CLASSIFICATION OF THE STUDY POPULATION INT O MAJOR TOBACCO HABIT GROUPS =
Smokeless Years of Tobacco
Nonusers Tobacco Users Smokers Use, Median
(n = 59) (n =47 (n =29)  (25th, 75¢h percentiles).,
Never-users of tobacco 36 0
Exusers for =5 years* 14 12 (10-20)
Exusers for <s yearst 9 24 (19-29) o
Smokeless tobacco users} 27 25 (18-28)
Exsmokers, now smokeless tobacco§ . = 20 24 (17-30)
Smokersj| 24 29 (20-30)

Smoking + smokeless tobacco use# 3 30 (23-35) -
Former smokeless tobacco users, now smoking** 2 32 (30-35)

* Stopped smoking or using smokeless tobacco >5iyeurs priof o examination.

t Stopped smoking or using smokeless tobacco <5 years prior to examination. —

1 Current daily smokeless tobacco use for >6 months.

§ Stopped smoking >6 months ago, current daily smokeless tobacco users for >6 months,
I Current daily smoking for >6 months.

# Current daily smoking plus daily or occasional smokeless tobacco use.

** Stopped using smokeless tobacco >6 months a8, current daily smokers for >6 months.

smokers and nonusers_>* Thus, there is a controversy  middle aged men, is associated with any alteration in
as to whether the use of tobacco should be regarded as blood pressure and heart rate during daytime and

lar risk compared to normotensive smokers."" In- METHODS
creased mortality from cardiovascular disease has
been shown also in smokeless tobacco users compared Subjects  In 1993 there were 269 firefighters, 35 10 60
with nonusers, although not to such a degree as in years old, in the Stockholm City Fire Brigade. In con-
smokers.'? nection with the annual compulsory fitness test they
Ambulatory blood pressure monitoring in smokers were offered an extended health examination includ-
and nonsmokers has been performed in a few studies, ing 24-h ambulatory blood pressure monitoring. Of
most of which indicate slightly higher blood pressure  the 269 firefighters, 203 subjects (75%) were willing to
values in smokers, particularly during the daytime participate, and 151 of these were called for investiga-
and in age groups >45 years."*'® However, in a study  tion within the time limits of the study. Nonpartici-
of normotensive Danish adults 20 to 79 years old, pating subjects (both nonresponders and those who
smokers exhibited slightly lower ambulatory blood were willing to come) were equally distributed
pressure recordings compared with nonsmokers.'” No amongst the nine different fire departments. All sub.
ambulatory blood pressure monitoring of smokeless jects were informed of the nature, purpose, and pos-
tobacco users has been performed up to now. sible risks of the study prior to giving their voluntary
The use of oral smokeless tobacco results in blood consent to participate. The study protocol was ap-
levels of nicotine similar to those observed in cigarette  proved by the ethics committee of Karolinska Hospi-
smokers,*"® but smokeless tobacco users are not ex- tal.
posed to most other components of smoked tobacco. Subjects were divided into different tobacco habit
The more isolated €Xposure to nicotine in smokeless Eroups as presented in Table 1. For intergroup com-
tobacco users makes it suitable to study blood pres- parisons nonusers, smokeless tobacco users, and
sure effects associated with long term nicotine €Xpo- smokers, defined according to the definitions in Table
sure, and might help to elucidate the role of nicotine in 1, were used. No subject was on antihypertensive
the development of hypertension. medication. The recordings of 16 subjects were omit.
The aim of the present study was to use 24-h am- ted because of inadequate technijcal quality (9 nonus-
bulatory blood pressure recordings to investigate  ers, 3 smokeless tobacco users, and 4 smokers), leaving
whether the use of smokeless tobacco among healthy 135 subjects for evaluation.

i
rz?Co
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Physical Examination Body height and weight were
measured and body mass index was determined (BMI
in kilograms/square meter). Waist and hip circumfer-
ences were measured and the waist/hip ratio was
calculated. Self-reported alcohol and coffee habits
were registered as none, low, medium, or high con-
sumption. Information on family history of hyperten-
sion was registered as answers to yes/no questions, as
were questions about ongoing medication. Physical
fitness was assessed by the maximal oxygen uptake as
determined by a maximal exercise test, and dichoto-
mized into =2.8 L/min or <28 L/min (the fire de-
partmept limit for approving smoke-helmet equip-
ment).

Blood Sampling Subjects were examined at 7:30 to
8:00 aM after overnight fasting and >8 h abstention
from use of tobacco. Blood samples were drawn from
an antecubital vein for the determination of nicotine
and cotinine levels (the primary metabolite of nico-
tine). Cotinine levels were used to estimate the intake
of nicotine. Cotinine, with a half life of about 18 h, is a
good quantitative indicator of habitual nicotine in-
take'l‘),?l}

Casual Blood Pressure Measurement Blood pres-
sure was determined, in the morning at 8:00 to 8:30 amM
the day after the ambulatory monitoring was com-
pleted, by a standard mercury manometer with the
cuff size adjusted to the circumference of the arm.
Systolic (SBP) and diastolic (DBP) blood pressure was
defined by the Korotkoff sounds phase I and V to the
nearest 2 mm Hg after 5 min rest in a supine position,
as the mean of two separate measurements. Heart rate
(HR) was registered by palpation.

Ambulatory 24-h Blood Pressure Recording Ambu-
latory blood pressure was recorded using the Suntech
Accutracker I (Suntech Medical Instruments Inc., Ra-
leigh, NC). The method of measurement is ausculta-
tory through a microphone over the brachial artery,
using simultaneous electrocardiogram (ECG) record-
ings for R wave gating. Systolic and diastolic blood
pressure was determined from phase I and V Korot-
koff sounds. Blood pressure was recorded every 15
min during daytime (06:00 to 24:00) and every 30 min
during the night (00:00 to 06:00), resulting in approx-
imately 84 recordings per individual. Artifacts were
defined as SBP > 250 mm Hg, DBP > SBP, DBP < 30
mm Hg, or DBP > 150 mm Hg. Data were analyzed as
means of SBP, DBP, HR over 24 h, daytime, nighttime,
and the averages of consecutive 3 h periods. Blood
pressure variability was defined as the standard devi-
ation of the mean value of the systolic or diastolic
blood pressure during the time space referred to (24 h,
daytime, nighttime, or 3-h periods) for each individ-
ual.

ABPM AND TOBACCO USE 1155

Diary The 24-h ambulatory recordings were all car-
ried out during a weekday free from periods of nor-
mal firefighter duties or shiftwork, with daily activi-
ties recorded as periods of sleeping hours, unusual
physical effort, smoking/smokeless tobacco use, alco-
hol intake, meals, and driving. The diary notations
were principally used to register sleeping hours, and
to identify exposure to unusual physical effort, like
hard training or sport activities. Tobacco users were
instructed to consume tobacco ad libitum according to
their usual habits. Tobacco consumption data were
analyzed only to confirm tobacco use during the reg-
istration period, because blood cgtinine measurements
before the ambulatory monitoring were used to esti-
mate the habitual daily nicotine intake.

Statistics Means and standard deviations were cal-
culated for all the anthropometric measurements and
for blood pressure and heart rate recordings for the
different time spaces, respectively. Intergroup com-
parisons were made for never-users of tobacco with
smokeless tobacco users and smokers, using analysis
of variance (ANOVA) and Fisher’s PLSD (protected
least significant difference) test for post hoc signifi-
cance tests. Odds ratios (OR) and 95% confidence in-
tervals were calculated for self-reported questionnaire
answers in the three tobacco habit groups with the
never-users as a reference group. Univariate linear
regression was used to analyze the nature of relation-
ships between blood pressure measurements, anthro-
pometric data, and lifestyle factors. Covariates that
might influence blood pressure were also entered in a
multivariate regression model to adjust for their influ-
ence on the ambulatory blood pressure measure-
ments.

RESULTS

Study Population Table 2 presents the basic charac-
teristics of the study population. Waist-hip ratios were
significantly higher in smokers, whereas no significant
differences were found for age, body mass index, or
sleeping hours in the three groups. In Table 3 the
results of the questionnaire and physical exercise data
are shown. Smokers consumed more alcohol and cof-
fee and had significantly lower physical exercise ca-
pacity than both nonusers and smokeless tobacco us-
ers. Approximately one-third of the subjects exhibited
a family history of hypertension in each of the three
examined groups.

Blood Pressure Recordings There was a strong cor-
relation between clinical and ambulatory recordings
(r = 0.69 for SBP; r = 0.47 for DBP; P < .001). The
results of the clinical measurements and the 24-h mon-
itoring, after adjustments for differences in age, body
mass index, waist-hip ratio, physical fitness, and alco-
hol consumption are shown in Table 4. Casual blood
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TABLE 2. BASIC CHARACTERISTICS OF THE STUDY POPULATION

Never-Users Smokeless
of Tobacco Tobacco Users Smokers
(n = 59) (n =47) (n = 29) P
Anthropometric data
Age (years) 451 * 6.6 443 +64 472 %57
BM1 (kg/m?) 25724 255222 250+21
Waist/hip ratio (cm/cm) 0.89 = 0.05 . 0.89 + 0.05 092 + 0.06 <.001
Sleeping hours (n) 71+08 70+09 68 09
Tobacco use
Number of cigarettes/day 0 0 1811
Grams of smokeless tobacco/day 0 27+ 15 0
Plasma nicofine (ug/L)t 02+03 ! 45+58 34+27
Plasma cotinine (ng/L)t 34+27 359 + 173 258 * 161

Values are means + Sp. p, number i each
* Comparisons between smokers and
significant differences were found on
t After overnight abstension.

pressures were similar in nonusers and smokeless to-
bacco users and sl ightly, but not significantly, lower in
smokers. During 24-h monitoring, smokeless tobacco
users and smokers exhibited systolic blood pressures
(in smokers also diastolic blood pressures) signifi-
cantly higher compared with nonusers. This was most
obvious during the daytime. The unadjusted mean
values of the hourly recordings in the three tobacco
habit groups are illustrated in Figure 1. If subjects =45
years old were considered, ie, 56% of the study pop-
ulation, there were significantly higher diastolic blood
pressures (approximately 5 mmHg) found in both
smokeless tobacco users and smokers, as compared
with nonusers (Figure 2). Data on the 3-h mean values
of systolic and diastolic measurements in subjects =45
years old, including ANOVA comparisons between
the three tobacco habit groups are presented in Table
5. All daytime diastolic and most of the systolic blood
pressure recordings in smokeless tobacco users were

TABLE 3.

Never-Users
of Tobacco

group. BMI, body mass index.

never-users with analysis of variance (ANOVA), Fishers PLSD test Jfor significance, significance level P < (5, No
comparing smokeless tobacco users with never-users.

significantly elevated (P < -05) compared with nonus-
ers. These differences were even more pronounced in
smokers (P < .001) when compared with nonusers.
Nighttime blood pressure recordings in subjects =45
years old did not, however, reveal any significant
differences in the three tobacco habit groups, except
for slightly elevated systolic blood pressures in smok-
ers at the beginning of the night (P = .04) and for
diastolic blood pressures in smokeless tobacco users at
the end of the night (P = 03).

Blood Pressure Variability Comparisons of the
blood pressure variability did not show any signifi-
cant differences between the three tobacco habit
groups, except for the nighttime systolic blood pres-
sures in smokers (P = :02) compared with nonusers, as
shown in Table 4. In Figure 3 the change in mean
systolic and diastolic blood pressures from daytime to
nighttime, expressed as a percentage, is shown. Both

LIFE STYLE RELATED DATA ON THE STUDY POPULATION

Smokeless Tobacco Users Smokers
(n = 59) (n = 47) (n = 29)
R s A
%o % OR C1 % OR Cl

Coffee intake high® 19 21 1.2 05-3.0 31 20 1.7-5.4
Alcohol intake medium/high* 45 3 08 03-20 93 42 0.9-19
Physical capacity, lowt 10 11 1.1 0.3-36 55 109 3.6-33
Family history of hypertensiont 3 26 07 03-16 38

* Alcohol and coffee intake dichotomized according
t Assessed by maximal oxygen uplake < 2.8 | fmin during exercise test
¥ Self-reported known hypertension in either of the parents.

OR. odds ratio, comparisons made with NEveT-users as reference group

]

5N

4 0.5-30
to self-reported data no or low intake = logw: medium or high intake = high

Cl, 95% confidence interval
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TABLE 4. BLOOD PRESSURE VALUES AT CLINICAL
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EXAMINATION AND THROUGH 24-h AMBULATORY

MONITORING IN DIFFERENT TOBACCO HABIT GROUPS

Smokeless Tobacco

Nonusers Users Smokers
of Tobacco
Blood Pressure (n = 59) (n = 47) (n = 29) P

SBP Casualt 124 + 12 12313 ns 119 =18 ns
DBP Casualt 87 78 =10 ns 78 + 11 ns
Mean SBP, 24-h . 123+ 7 127 +9 <05 128+12 . <05
Mean DBP, 24-h 77+9 29 ns 81 = 11 ns
Mean SBP, daytime 126 = 8 131 + 10 <.05 131 = 12 <05
Mean DBP, daytime 799 8110 ns 83 11 <.05
Mean SBP, nighﬂiJJ:ne 108 = 8 ‘IP6 +10 ns 110 = 12 ; ns
Mean DBP, nighttime 66+ 9 67 =10 ns 68 * 12 ns
SBP Variability 24-h 5 16 e 143 ns 14+3 ns
DBP Variability 24-h 11> 2 11-+3 ns Tt ns
SBP Variability daytime 112 11 =2 ns 12+'3 ns
DBP Variability daytime 10 = 2 102 ns 106+ 2 ns
SBP Variability nighttime g*3 9+3 ns FEE3 <.05
DBP Variability nighttime 8§+2 83 ns 93 ns

All values are means and standard deviations adjusted for differences in age, body mass index, waist-hip ratio, physical training level, and alcohol
consumption. Variability is calculated as the mean of the 5D of each individual BP recording. n, number in each group; SBP, systolic blood pressure;

DBP, diastolic blood pressure. Daytime, 06:00 to 24:00; Nighttime, 00:00 t

0 06:00; ns, not significant.

* Comparisons between tobacco users and never-users, after adjustments, using Student t test. Significance level P < .05.

1 Measured at 8:30 aM, after 5 min of supine rest.

tobacco user groups showed greater change from day
to night blood pressures compared with nonusers.
Significant changes, however, were only recorded in
diastolic blood pressures in smokeless tobacco users
(P = .01).

Heart Rate Recordings Heart rate was significantly
elevated in both smokeless tobacco users and smokers
during day- and nighttime, compared with nonusers
(69 + 14 and 74 * 13 beats/min, respectively, com-
pared with 63 = 12 beats/min). Mean values, adjusted
for differences in age, body mass index, waist-hip
ratio, physical fitness, and alcohol consumption are
shown in Table 6. Compared to the clinical recordings

mmHg

140

130 1

120}'

110 ]

100 7

S0

2] 4 \q\c\zﬂleh

70 < o
] SiSTS =

eo 4 . 4 ; TR RN LR i ;

hour (v.] 12 15 18 2 24 o (i3

—£- Non-users —t+ Smokeless —~5—  Smokers

FIGURE 1. Ambulatory blood pressure mean values (unadjust-
ed) over 24 h in the three tobacco habit groups.

Bo

after 5 min of rest, the mean heart rate during the 24-h
ambulatory monitoring was on average 10% higher in
nonusers and smokeless tobacco users and 20% higher
in smokers. The unadjusted hourly mean heart rate
values of the three tobacco habit groups are illustrated
in Figure 4.

Heart Rate Variability The mean heart rate variabil-
ity was 11 * 3 beats/min (10 * 3 in the daytime and
6 = 3 beats/min at night). Intergroup comparisons for
the three tobacco habit groups exhibited a slightly
greater variability in tobacco users (Table 6).

Physical Fitness, Heart Rate, and Blood Pressure
The correlation between maximal oxygen uptake (li-
ters/minute), as determined by a maximal exercise
test, and 24-h heart rate demonstrated a highly signif-
icant correlation in the whole study group, showing a
decreasing heart rate with increasing oxygen uptake
(r = —0.51, P < .001). This finding was significant in
all tobacco habit groups. There was a much weaker,
but still significant, correlation between diastolic
blood pressure but not systolic blood pressure and
maximal oxygen uptake (r = —0.21, P = .01).

Confounding Factors Although there were no sig-
nificant differences between the three tobacco habit
groups regarding anthropometric measurements or
age, there were still differences between the groups in
physical fitness and other lifestyle related factors.
When adjustments were made for all mean blood
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HR age 245 years

; ; SBP age 245 years

beats/
min
75
70
65
= 60
55 1
/ mmi
1357
FIGURE 2. Heart rate (HR) and  '3° ]
systolic (SBP) and diastolic (DBP) 125
blood pressure in subjects =45 years 120 -
old (nonusers: n = 34; smokeless
tobacco users: n = 23; smokers:n = 115 -
18). Mean values during 3-h periods 110 -
of 24-h ambulatory blood pressure 1
registration. 105
mmHg
85 A
75 7
70

g

DBP age 245 years

65

06-09 09-12

—e— Non-users

pressure and heart rate values for the possible influ-
ences of age, body mass index, waist-hip ratio, phys-
ical fitness, and alcohol intake, by multivariate regres-
sion analysis, only physical fitness and body mass
index had a significant influence on heart rate and
blood pressure measurements. Adjusted values were
generally slightly higher regarding blood pressure
measurements and slightly lower regarding heart rate
in the two tobacco user groups, but the differences
remained essentially unchanged compared with non-
users.

Relationship Between Blood Pressure Measure-
ments and Tobacco Consumption A linear regres-
sion analysis showed a highly significant correlation
between blood cotinine values (the main metabolite of

Blo

12-15  15-18 18-21 21-24 24-03 03-06 time

—&— Smokeless —a—  Smokers

nicotine) and 24-h systolic and diastolic blood pres-
sures of smokeless tobacco users (SBP, r = 048, P <
001; DBP, r = 041, P = -005), whereas smokers
showed no such correlations (SBP, r = =012, P = 47;
DBP, r = —0.03; P = -84), as shown in Figure 5. The
relationship remained essentially unchanged even
when controlling for differences in age and body mass
index.

Relationship Between Family History of Hyperten-
sion and Ambulatory Blood Pressure In the whole
study population, 32% had reported a family history
of hypertension, and mean ambulatory systolic and
diastolic blood pressures were significantly higher
(P < .05) in these subjects: 126/81 mm Hg compared
with 122/77 mm Hg in subjects without a family
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TABLE 5. MEAN VALUES OF SYSTOLIC AND DIASTOLIC BLOOD PRESSURES IN SUBJECTS =45 YEARS

OLD DURING 3-h PERIODS OF AMBULATORY

BLOOD PRESSURE MONITORING, COMPARING

TOBACCO USERS WITH NONUSERS OF TOBACCO

Nonusers of Smokeless Tobacco Users Smokers
Tobacco

Hour (n = 34) (n =23) P (n =18) P
06:00 to 09:00 SBP 126 + 14 125 = 14 59 126 * 16 73
DBP 80 x 12 8314 003 83+13 <.001
09:00 to 12:00 SBP _ 128 = 14 1311 . 03 133 + 16 < 001
DBP 81 13 87 15 <.001 87 * 14 =001
12:00 to 15:00 SBP 124 = 15 134 = 18 08 134 = 18 =< 001
DBP 79+13 84 +17 <.001 86 + 13 <001
15:00 to 18:00 SBP 126 > 14 128 + 14 34 135 + 19 <.001
DBP / 81 =13 gs+14 ! <.001 87 + 13 <.001
18:00 to 21:00 SBP 126 + 13 129 + 13 02 132 = 17 <. 001
DBP 79 + 12 83 =13 =001 B85+ 12 =< 001
21:00 to 24:00 SBP 120 + 12 122+ 16 1 125 + 18 <001
DBP 74 ~ 12 79+ 16 <.001 78 + 14 < 001

00:00 to 03:00 SBP 107 = 11 107 = 15 91 110 = 17 04
DBP 66 + 11 68 > 16 09 68 + 14 09

03:00 to 06:00 SBP 107 = 11 106 = 12 6 105 15 3

DBP 66 + 11 69 =12 03 67 + 14 3

n, number in group; SBP, systolic blood pressure; DBP, diastolic blood pressure. All values are means and standard deviations.

ANOVA comparisons are made with nonusers as reference group.
* Fishers PLSD test for significance (P < .05 was considered significant).

history of hypertension. In a linear regression analysis,
the relationship of a family history of hypertension
and ambulatory blood pressure values was strongest
in smokers (r = 0.37, P = .05).

DISCUSSION

Comments on the Results Related to Tobacco Use
The main findings of the present study were the sig-
nificant increase in heart rate in both smokeless to-
bacco users and smokers, indicating a persistent nic-
otine effect, together with the significant elevation of
blood pressure in both smokers and smokeless to-
bacco users >45 years of age, which might be taken as
a reason for long term tobacco use as a contributing
factor in the development of sustained hypertension.
Although the peak cardiovascular responses to nico-
tine have been shown to decline to normal values
within 2 h after a given dose despite only small dif-
ferences in nicotine levels, recurrent doses of nicotine
always involve momentary stress effects on the car-
diovascular system.” * It should be noted that Swedish
smokeless tobacco does not contain licorice, a sub-
stance which, some American studies suggest, contrib-
utes to blood pressure elevation.” %!

There are two paradoxes regarding vascular tone
and the pharmacologic effects of nicotine: the constant
finding of lower resting blood pressures in smokers
together with a negative dose-response relationship
with lower blood pressures observed as the number of

SN

cigarettes smoked increased**"**; and the lower prev-
alence of angina pectoris in smokers compared with
nonsmokers.” Neither of these findings are compati-
ble with the prominent increase in cardiovascular
morbidity in smokers. As shown in the present study,
the more isolated exposure to nicotine in smokeless
tobacco users seems to involve significant effects on
heart rate and blood pressure in healthy subjects.
Smokers also exhibited a similar influence during 24-h
monitoring, demonstrated also by other investiga-
tors.!>'® There might, therefore, be a more complex
influence involving other inhaled pharmacologically
vasoactive substances when smoking, entailing a tran-
sient decline in blood pressure following cessation of
smoking analogous to a type of withdrawal phenom-
enon." A possible autonomic imbalance with increased
vagal influence in resting positions, or endothelial
dysfunction influenced by nitric oxide, carbon mon-
oxide, or other combustion products in tobacco smoke
might be responsible for these effects. Blunted pos-
tural responses in autonomic cardiac regulation in
smokers have been demonstrated.”® A finding in the
present study, supporting a multipharmacologic influ-
ence of smoking is the lack of correlation between
blood cotinine levels and blood pressure measure-
ments in smokers, demonstrated also by others,??
whereas smokeless tobacco users exhibited a strong
relationship.

Nicotine values, as shown in Table 2, were rather
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% : T tine intake through the gastrointestinal mucosa b™
% change SBP day - night swallowing, and not reaching the central circulatior

until inactivated by first pass liver metabolism. It has
been suggested that cotinine might have relaxang.,
effect on vascular smooth muscle,*?* and conse

30 P el

20 1 ESE T
s

10 i cording to their higher cotinine levels. This has nof™

|

Non-users Smokeiess Smokers Comments on the Results of the Whole Study Pop-

1 % change DBP day - night of ambulatory blood pressure monitoring in >3000.—

cantly higher compared with the results of the meta- =
analysis, but very similar to the findings of a study of
sl B a healthy population 20 to 70 years old in Sweden2®

N;w;-u;ers '_ __Srr;t-)kéless “ Smokers (Table 7).

el ) Family history of hypertension was found to be T
—_—

significantly correlated to higher ambulatory blood
pressure values in this stud Y, in accordance with pre-
vious studies.?** The strong correlation of physica] =
fitness, as determined by maximal Oxygen uptake, and
nonusers (ANOVA and Fisher's PLSD test) were significant p <  heart rate, fo:.,md n a_" tobaccr) hgb:l BToups, are in
-05) only for change in diastolic blood pressure in smokeless accordance with previous studies. ~

tobacco users. Comments on Methods The advantages of 24-h
blood pressure monitoring include studying the diur-
similar in smokeless tobacco users and smokers. The pg) variations in blood pressure levels resulting from

higher blood cotinine content in smokeless tobacco the influence of lifestyle elements, such as mental
users is regarded as an indication of additional nico- stress, tobacco, coffee, alcohol, food, etc, and also
TABLE 6. HEART RATE VALUES AT CLINICAL EXAMINATION AND THROUGH 24-h AMBULATORY
MONITORING IN THE DIFFERENT TOBACCO HABIT GROUPS
Smokeless Tobacco
Nonusers Users Smokers —
of Tobacco -_—_—
Heart Rate (n = 59) (n = 47) P (n = 29) P+

Casual (beats/min)t 57+9 60+ 7 ns 58+9 ns
Mean HR, 24—h,(beats/rnin) 62 + 12 65+ 14 <.05 69 *+ 14 <.05
Mean HR, daytime (beats/min) 63 + 12 69+ 14 <.05 74 + 13 <.05
Mean HR, nighttime (beats /min) 54+ 9 56+ 12 <.05 58+ 11 <.05
Variability, 24-h Q=2 11=3 <.05 =3 ns
Variability, daytime i 11 %3 ns 102 ns
Variability, nighttime 6+3 S5+3 ns 63 ns

During the 24-h monitoring, on average 84 measurementsfindindual were performed. All values are means and standard deviations adjusted for

differences in age, body mass index, waist-hip ratio, phusical training level, and alcohol o msumption Vanubrh’f_u is calculated as the mean of the SpD of
each mdividual heart rate recordin 2.
* Comparisons between tobacco users and never-users after adjustments, usmg Student t test. Significance level P < 5

1 Measured at 8:30 ang, after 5 min of supine rest.
Daytime, 06:00 to 240K}, Nighttime, 00:00 to U6:00. HR, heart rate. ns. not sienficant
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75 - of heart rate during 24-h ambulatory

] blood pressure measurements, in the

70 - three tobacco habit groups. Smokeless

tobacco users showed significant dif-

65 _| ferences (P < .001) during all day-

time measurements, but not at night,

60 compared to nonusers. Smokers had

significantly (P < .001) elevated

55 heart rate compared to nonusers both

. | i| by day and at night.
hour 09 12 15 18 21 24 03 06
—e— Non-users —8— Smokeless -4 Smokers

studying pharmacologic treatment patterns.'®*” How-
ever, ambulatory monitoring has limitations as condi-
tions are less controlled than measurements taken at a
clinic. Changes in physical activity during the period
of monitoring account for about a third of the overall
variance of blood pressure.® In the present study only
ordinary daily activities without high physical de-
mands were performed and there was no diary-re-
ported difference in activity patterns between the
three tobacco habit groups. Still, this study was per-
formed on physically very well trained middle-aged
men, and significant differences in physical perfor-
mance were observed only comparing nonusers with
cigarette smokers.* The findings of the present study

Smokeless tobacco users

might therefore underestimate the cardiovascular ef-
fects of smokeless tobacco, because all subjects were
more physically fit than a random sample of the pop-
ulation.

The standardized choice of 00:00 to 06:00 as sleep-
ing hours can, of course, give rise to questions of
misclassification of awake and sleeping recordings.
As there were no significant differences in sleeping
hours between the three tobacco habit groups, and
as 90% of all subjects reported being asleep during
the nighttime registration period, there is reason to
believe that any possible misclassifications should
be equally distributed in the three tobacco habit
groups.
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100 1 DBP?:)I'I
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— : % O(RJ e p= 0.005 FIGURE 5. Linear  regression
A — analysis of the relationship between
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Smokers pressures and blood cotinine values
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TABLE 7. COMPARISONS OF THE RESULTS OF THE PRESENT INVESTIGATION WITH STUDIES ON
OF AMBULATORY 24-h BLOOD PRESSURE MONITORING IN MEN

NORMAL VALUES

AJH-OCTOBER 1998-VOL. 11, NO. 10, PART 1 ™

Stassen et al*” Nystrom et al?® Present Study,
(n = 1683%) (n = 1007) 1997 (n = 135) —
Age (years) 20-79 20-70 35-60
Blood pressure (BP)
24-h BP (mm Hg) 118/72 124 = 9/76 >+ 124 978+ 10 o
Daytime BP (mm Hg) 123/76 129 +9/80 + 7 = 126 = 10/80 + 10
Nighttime BP (mm Hg) 106/64 110 + 10/64 + 8 107 = 10/66 + 10

Values are means + SD (when available). n, number in each group.
* Information on men is calculated from data presented in the paper.
! i

CONCLUSION

Mild but long-standing blood pressure elevation can
cause structural changes to both heart and blood ves-
sels, thus contributing to the development of sus-
taired hypertension.® There is no doubt that smoking
cessation has tremendous effects on cardiovascular
morbidity.** However, to stop smoking by switching
over to smokeless tobacco does not seem to avert all of
the cardiovascular risks associated with smoking. The
finding of increased blood pressure in smokers during
24-h registration is contradictory to most reports on
clinical blood pressure measurements but supports
the results of several'>1¢ although not all,"” studies of
ambulatory blood pressure recordings in smokers.
The findings of elevated ambulatory blood pressures
in smokeless tobacco users supports the results of
earlier investigations.® The use of smokeless tobacco is
increasing continuously in both the US and Sweden.
Thus, it is important to consider that a proportionately
small increase in cardiovascular morbidity due to the
habit has obvious effects at a public health level, be-
cause cardiovascular disease remains the leading
cause of death in these countries.
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*pants 477 (45%] were sefs. ST usc

WS- MOre cOmmon amons, Whites..-
- {53%) than among-Blacks (29%). or
" Hispanics (21%), and users reported -
heavier- consumption of alcohal
(p < -001) and fiad higher mean se-
rum caffeine’ levels {p < <001} than
nonusers, ST users did fot differ
from nonusers in adjusted-levels of
“systolic-and diastolic blood pressure,
pulse; and toral or HDL-cholesterol.
Amaong ST users, participants using
snuffhad higher mean serum cotinine.
levels than those who used chewing
*_tobacco (p < 001} There was no as-
sociation between serum- cotinine
levels and adjusted iévels of any car.
diovascular risk factor studied. How-
ever, higher diastolic blood pressures
were associatedwith highermean se-
rum nicotine levels (p' = _(12).

" Conclusions. Smokeless to-
haceo use has ar most a modest effect
on cardiqyg:idul_ar' risk factors in
young physically fit men. (Am J Pub-
fe Health, 1992;82:417-421)

Smokeless Tobacco, Cardiovascular
Risk Factors, and Nicotine and
Cotinine Levels in Professional

Baseball Players

David Siegel, MD, MPH, Neal Benowitz, MD, Virginia L. Emstar, PhD,

Walter W. Hauck, PhD

Deborah G. Grady, MD, MPH, and

Introduction

The use of smokeless 10bacco (ST)—

oral snuff or chewing tobacco—increased
in popularity in the 1970s and 1980s. Ap-
proximatety 10 million Americans used ST
in the past year; 3 million were less than 21
years of age.! Among young men, the use
of moist snuff has become particularly
widespread.? Smokeless tobacco use re-
sults in considerable systemic exposure to
nicotine.** The results of studies of ciga-
rette smokers have led 1o concern that nic-
otine may increase the risk of atheroscle-
rotic vascular disease.’ Nicotine may
contnbute 1o atherosclerosis by affecting
lipid metabolism, coagulation, hemody-
namic status, or all three. Smokers have
higher levels of low-density lipoprotein
(LDL) and very-low-density lipoprotein
(VLDL) cholesterol and lower levels of
high-density lipoprotein (HDL) cholesterol
than do nonsmokers.>* Cigarette smoking
or the administration of nicotine acutcly in-
creases heart rate and blood pressure, al-
though in habitual cigarette smokers blood
pressure tends to be lower than in non-
smokers.* Circulating leukocytes. primar-
ily neutrophils, are higher in smokers than
n nonsmokers, and leukocyte counts re-
turn toward nonsmoking levels after smok-
ing ccssation. ' Neutrophils may gener-
ate oxygen-free radicals and other
substances that promote thrombosis, and
they may accelerate endothelial cell
growth, both of which could comnbute 1o
the acceleration of atherosclerotic vascular
disease.®'? Whether nicotine exposure
from ST use has similar effects on lipid me-
tabolism, ncutrophils, blood pressure, and
heart rate, and thus predisposes to athero-
sclerotic vascular discasc, has not been es
tablished.

In studies performed on a research
ward, ST use resulted in systemic absorp-
tion of nicotine and cardiovascular effects
similar to thosc observed with cigarctic
smoking.'* In reports of small numbers of
individuals, ST use has been associated
with hypertension, perhaps related 1o ST s
salt content or 10 nicotine-related catechol-
amine release.'>'S One recemt Study re-
ported an association between ST use and
clevated levels of total serum cholesterol *

We recently completed a compre-
hensive study of the health effects of ST
use in professional baseball players.i» A
part of the study’s purpose was 1o deter-
minc whether ST use was associated with
changes in cardiovascular risk profiles.
Specifically, we measured blood pressure,
heant rate, total serum cholesterol, HDL
cholesterol, and white blood cell counts.
We also quantitated nicotine intake from
ST by measuring plasma nicotine and its
metabolite cotinine in plasma.

Methods
Study Population

A detailed discussion of the study
mcthods and highlights of findings from
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the first year of the project have been pre-
sented elsewhere.!¢ We report here de-
tailed findings from the first 2 years of the
study on cardiovascular risk factors and
nicotine and cotinine levels in the partic-
ipants.

During February and March of 1988
and 1989, we studied 1061 members of the
seven major league professional bascball
teams and their associated minor league
teams that conduct spring training in the
greater Phoenix and Tucson, Ariz, area.
All players and coaches on the teams were
invited to participate in the study.

After giving informed consent, all
participants oom;ilctcd a questionnaire
that provided demographic data and infor-
mation about cigarette smoking and coffee
and alcohol consumption. There were
only 41 current cigarette smokers and they
were excluded from analyses. Detailed in-
formation concerning patterns of ST use,
including type and brand used most often,
was collected. Analyses of type (snuff or
chewing tobacco) and brand were based
on the type and brand usually used. The
amount of ST used was based on the num-
ber of cans of snuff or pouches of chewing
tobacco reportedly used per week. Be-
cause many participants who usually used
onctypcofSToocasiomllyuscdtheother
type, the combined number of hours that
tobacco of either type was held in the
mouth per day was also calculated. Re-
cency of use was determined as hours
since ST was last used.

The participants were classified on
the basis of their self-reported ST use as
nonusers (those who had never used STor
who had used ST in the past but never
more frequently than once a month) and
users (those who had used ST within the
past week). Former users (those who had
used ST more than once a month in the
past but had not used ST within the pre-
vious month) and infrequent current users
(those who had used ST within the past
month but not within the past week) were
excluded from analyses. For any player
for whom we had data from both 1988 and
1989, we used only the data from the year
for which the data were most complete. If
data from both years were equally com-
plete, 1989 data were used for that player.
Data from a total of 477 ST users and 584
nonusers are included in this report.

Blood Pressure and Pulse

After the participants completed the
questionnaire, their heart rate and blood
pressure were measured twice, several
minutes apart, in a sitting position. Sys-
tolic blood pressure was recorded at the

418 Amencan Journal of Public Health

level when phase 1 Korotkoff sounds were
first heard and diastolic blood pressure
was recorded at the beginning of phase 5
with the disappearance of sounds. To
avoid the effects of physical activity, we
included in our analysis of blood pressure
and pulse rates only measurements from
individuals who had not come to the ex-
amination directly from the playing field.
Biochemical Measurements

Blood was drawn.to measure total
serum cholesterol; HDL cholesterol; nic-
otine, cotinine, and caffeine levels; and
white blood cell count. Biochemical vali-
dation of self-reported ST usc included
measurement of cotininé (the primary me-
tabolite of nicotine) and thiocyanate (a
marker of tobacco smoke exposure) by
gas chromatography.!” Low serum coti-
nine level (<12 ng/mL) together with nor-
mal serum thiocyanate levels (<85
mmol/L) was considered biochemical ev-
idence of nonuse of tobacco.® This stan-
dard, applied in an initial analysis of par-
ticipants from whom blood was obtained
in 1988 and who reported that they neither
used ST nor smoked cigarettes, indicated
that 95% (357 of 376 for whom blood sam-
ples were obtained in 1988) were correctly
classified biochemically as nonusers.
Given the high accuracy of use status
based on self-report and the fact that blood
samples were not obtained from all play-
ers presented here, the results shown in
Tables 1, 2, and 4 are based on self-report.
Serum caffeine was measured simultane-
ously with nicotine and cotinine; 7-ethyl
theophylline, S-methylnicotine, and
1-methyl-5-(2-pyridyl)-pyrrolidine, re-
spectively, were used as internal stan-
dards.

Statistical Analysis

Estimated odds ratios were calcu-
lated and adjusted for covariates by means
of multiple logistic analyses.!® All logistic
analyses were done with the CATMOD
procedure on PC-SAS (SAS Institute,
Cary, NC) with confidence intervals
based on standard errors of the log odds
ratios. Significance levels for analyses of
covariance were determined with PC-
SAS’s GLM procedure. The means re-
ported are least squares means, that is,
estimates of the means for each use group
adjusting for differences between groups
in the covarates. For categorical covari-
ates we created the appropriate indicator
variables so that the least squares means
are distributed around the overall mean,
corresponding to the usual method of ad-
justing for confounding.

Results

Demographic Characteristics

The distribution of current ST users
and nonusers by self-reported age, race,
educational level, and alcohol consump-
tion is presented in Table 1. Most partic-
ipants (77%) in both groups were between
20 and 29 years of age and were white
(67%). Participants were relatively well
educated—9%4% had graduated from high
school and 74% had completed at least
some college.

Twenty-four percent reported no al-
cohol consumption and 7% reported an
average of more than twa drinks per day.
Smokeless tobacco use varied by age; cur-
rent-week use was reported by 26% of
participants younger than 20 years, 49% of
those aged 20 to 29 years, and 38% of
those aged 30 years and older. Whites
were more likely to report ST use during
the past week (55%) than Blacks (29%) or
Hispanics (21%). Current-week ST users
were heavier consumers of alcohol than
were nonusers (P < .001), and had higher
mean serum caffeine levels (512 ng/ml ver-
sus 331 ng/ml, data not shown; P < .001)
when adjusted for age and race.

Of the ST users, 75% used primarily
oral snuff, the others chewing tobacco.
Among current users of snuff, 70% used
Copenhagen, 21% Skoal, and 6%
Hawken. Of the chewers, 48% used Lewvi-
Garett and 42% used Redman (data not
shown).

Cardiovascular Risk Factors

There were no significant differences
between ST users and nonusers in systolic
and diastolic blood pressure, pulse, and
total or HDL cholesterol levels when
adjusted for age, race, aloohol use, and
serum caffeine (Table 2). ST users had
lower mean white blood cell counts than
nonusers (P < .01). There were also no
significant differences among ST users in
systolic and diastolic blood pressure,
pulse rate, white blood cell count, and to-
tal or HDL cholesterol levels when eval-
uated by different measures of use—yecars
of use, hours of use per day, and hours
since last use (data not shown).

Cotinine, Nicotine, and Caffeine
Levels

Serum cotinine measurements were
obtained in 230 of the current users. Table
3 presents cotinine levels in relation to
type and patterns of ST use. Participants
who used snuff had higher adjusted mean
serum cotinine than participants who used

March 1992, Vol. 82, No. 3



chewing tobacco (P < -001). Only 1% of

the participants who used chewing to-
bacco, compared with 24% of those who
used snuff, had serum cotinine levels of
2250 ng/mL (data not shown). Partici-
pants who reported using ST more hours
per day, as well as those who reported
more recent use, also had higher adjusted
mean serum cotinine levels (P < .001).
Similar statistically significant results
were found for adjusted mean serum nic-
otine levels (data not shown). Participants
who had used ST for more years had
clslhantho:scwhobadmdSTfora
shorter period (P = .03, data not shown).

Cotinine and Nicotine Levels and
Cardiovascular Risk Factors

There was no difference in adjusted
systolic and diastolic blood pressure,
puhcralc,whitcbkndccﬂmnl,andt&
tal or HDL cholesterol levels between
participants who used spuff exclusively
and those who used chewing tobacco ex-
clusively (Table 4). We examined the as-
sociation between the above measures
and serum cotinine and serum nicotine
levels, adjusting for age, race, alcohol use,
and serum caffeine (data not shown).
There was no association between serum
cotinine levels and any of these measures.
lnmﬁ:giy.wcfaﬂcdtocunﬁlmmpm-
vious finding of a weak inversc association
between serum cotinine levels and serum
HDL cholesterol levels. 16 However,
higher mean serum nicotine levels were
associated with higher diastolic blood
pressure levels (P = .02), and there was a
trend toward higher pulse rates (P =.09),
total cholesterol levels (P = .10), and
white blood cell counts (P = -15) with
higher mean serum nicotine levels.

Di 5

This group of professional baseball
players is the largest population of ST us-
ers in which nicotine and associated car-
diovascular risk factors have been exam-
ined. The large sample size and the high
prevalence of ST use provided ample
power to detect relatively minor effects of
ST use on the cardiovascular risk factors
studied. Despite this, we did not find dif-
ferences in systolic and diastolic blood
pressure, total and HDL cholesterol, and
white blood cell count between ST users
and nonusers. These findings are similar
to those that we reported after the first
year of the study'® and contrast with the
results of experimental studies of ST users
in which ST use throughout the day pro-

March 1992, Vol. 82, No. 3

duced the same cardiovascular effects as
cigarette smoking, 13 Additionally, we an-
alyzed the effect of ST use on serum nic-
otine and cotinine levels and their associ-
ation with cardiovascular risk factors.
Cotinine is the major metabolite of
nicotine and has a much longer half-life
than nicotine. 2 For these reasons cotinine
is widely used as a biochemical marker of
average daily intake of nicotine. Determi-
nation of serum cotinine, however, is a
relatively insensitive way todetect exactly
when tobacco was last used. The mean
scrum cotinine level was 144 ng/mL for

snuff uscrs and 82 ng/mL for chewers. The
average cotinine levels for spuff users
were similar to those Previously reported
in a group of college athletes, but were
considerably lower than those measured
in a research ward study of ST use and
cigarette smoking.>13 These cotinine lev-
els are also lower than the average level of
300 ng/mL found in Cigarette smokers. 12
Since a cotinine level of 100 ng/mlL cor-
responds to a nicotine intake of about ]2
mg, ' we estimated that daily intake of nic-
otine was 17.0 mg for snuff users and 9.9
mg for chewing tobacco users. The low
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cotinine levels in our subjects were con-
sistent with relatively light use of ST, as
reflected by an average of 1.1 hours of
snuff use per day and 0.7 hours of chewing
tobacco use per day. As expecied, serum
cotinine levels tended to be higher with
greater duration of ST usc and greater
number of hours of ST use per day, and
was lower with greater number of hours
since the last dose of ST. Overall, the se-
rum cotinine data indicate that baseball
players are relatively light users of ST
compared with other populations. Our
data also indicate that ST usc in baseball

42 Amenican Journal of Public Health

players is seasonal; about 50% of the base-
ball players in our study who reported cur-
rent-week ST use indicated that they use
ST primarily during the baseball season
and rarely use it during the off season. The
pattern of ST use and low levels of nico
tine intake suggests that baseball players
may be less dependent on nicotine than
are other tobacco users.

Our finding that cotinine levels were
lower with chewing tobacco use than with
snuff use was surprising in light of the ob-
servation that nicotine intake for a single
chew is substanually greater than that

O

from a single use of snuff, and daily nic-
otine levels with ad lib use of both in an
experimental study have been found to be
similar.4!3 Our results suggest that chew-
ers use ST in a manner that does not ex-
tract as much nicotine from ST as snuff
users. The relationship between hours of
use per day and serum cotinine was not
highly correlated, suggesting that nicotine
intake may be more efficient with shorter
periods of daily use than with longer pe-
riods of use. This type of dose résponse
could be observed if ST is held in the
mouth for long penods of time, since the
most rapid absorption of nicotine through
ST occurs ip the first 15 to 20 minptes.*

We found an association between
higher serum nicotine levels and increased
diastolic blood pressure and trends be-
tween higher plasma nicotine levels and
increased heart rate and white blood cell
count. Serum nicotine reflects the recency
of tobacco use, and changes in blood pres-
sure, pulse rate, and white blood cell
count might reflect a direct pharmacologic
response.’2 Our diastolic blood pressure
finding is consistent with findings from
other studies showing that ST use acutely
increases blood pressure.20-2!

The smokeless tobacco users in this
study drank more alcohol than did nonus-
ers. This finding is similar to those of other
studies of ST use, in both adolescents and
adults.2 We also found that plasma caf-
feine levels were higher in ST users than
nonusers, perhaps reflecting a tendency
toward more psychoactive drug use in ST
users. Other studies have found that cig-
arette smokers drink more caffeine-con-
taining beverages than do nonsmokers.?
Thus, future studies of the cardiovascular
effects of ST should control for the poten-
tially confounding effects of caffeine and
alcohol.

Although our findings did not show
major adverse effects of ST use on car-
diovascular risk factors, we cannot cx-
clude the possibility that daily ST use for
many years may have an adverse effecton
the cardiovascular system. Previous re-
ports have described long-term harmful
effects of ST use, including a strong asso-
ciation with oral cancer.2+-2 Qur partici-
pants differed from those in other studies
of ST use in that their ST use was gener-
ally seasonal and of short duration (less
than 10 years). Our participants were also
professional athletes who exercised regu-
larty and who were generally physically
fit, factors that might minimize the harm-
ful effects of ST on the cardiovascular sys-
tem. Similar large studies should be done
in older populations of more sedentary in-
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dividuals to detect the impact of ST use in
individuals more Prone to cardiac dis-
case. [
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study.

Background. The scientific evidence on whether
long-term use of snuff is associated with high blood
pressure is limited, inconsistent and based only on
cross-sectional data.

Objective. We aimed at studying the risk of hyperten-
sion in relation to long-term use of snuff based on
longitudinal data.

Design. Repeated health check-ups were offered to all
employees in the Swedish construction industry
between 1978 and 1993. Blood pressure was mea-
sured at the health check-up and information on
tobacco use and other nisk factors was collected

through questionnaires.

Setting. In total, 120 930 never smoking men with
information on blood pressure and snuff use at base-
line were included. The association of high blood

pressure and snuff use at baseline was estimated by
logistic regression. Further, 42 055 men were identi-
fied as normotensive at baseline and had at least one
subsequent health check-up. Through repeated blood
pressure measurements and linkage to the Swedish
National Inpatient Register, information on hyperten-
sion was obtained. Relative nsk estimates were
derived from Cox proportional hazards regression
model.

Results. Almost 30% of all men had used snuff. The
adjusted odds ratio of high blood pressure amongst
snuff users at baseline was 1.23 (95% CI 1.15-1.33)
compared to never snuff users. The relative nisk of
high blood pressure during follow-up was 1.39 (95%
CI 1.08-1.79) amongst snuff users and 1.36 (95% CI
1.07-1.72) for hypertension as recorded in the Inpa-
tient Register.

Conclusion. Use of Swedish moist snuff appears to be
associated with a moderately increased nsk of hyper-

tension.

Keywords: cohort, hypertension, snuff.

Background

Moist snuff (snus) is a type of smokeless tobacco
widely used by men in Sweden; approximately 20%
of adult men are daily snuff users [1]. The adverse
cardiovascular health effects from cigarette smoke are
well known; however, the evidence on snuff use and
cardiovascular outcomes 15 limited. Resulis from some

R
'9 n

studies show an elevated nisk of cardiovascular mor-
tality and morbidity amongst snuff users and other
smokeless tobacco products, but the evidence appears
inconsistent {2-8].

The acute etfects, probably mainly due to nicotine
exposure, from smokeless tobacco use on blood pres-
surc and pulse rate, have been documented both in
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animal and human experiments. Several studies
reported increases in cardiac output as well as vascu-
lar constriction [9-14]. One Swedish study observed
that pulse rate and blood pressure were approximately
5-10% higher amongst those who used snuff within
2 h before measurements compared to those who
were not exposed [15]. Another study found that snuff
users had higher pulse rate and blood prcss‘urc at rest
compared to those who were not exposed, but no dif-
ferences were observed during exercisc [16].

Hypertension is a major risk factor for the develop-
ment of cardiovascular disease; however, evidence on
the possible long-term effects of snuff use on blood
pressure is limited. A large Swedish cross-sectional
study reported a higher prevalence of high blood pres-
surc amongst snuff users compared 1o subjects who
never used tobacco [17), and in a case—control study
an increased risk of hypertension amongst snuff users
was observed in the control group [6]. A third Swed-
ish study showed a higher mean systolic blood pres-
sure during a 24-h period amongst snufl’ users
compared to nontobacco users [18]. On the other
hand, several cross-sectional studies from both
Sweden and the United States did not find an associa-
tion between long-term use of snuff and the nisk of
hypertension [12, 15, 19-22]. There are no longitudi-
nal studies on snuff use and risk of hypertension.

In this prospective study, our aim was to assess the
risk of high blood pressure and hypertension amongst
male long-term users of snuff, particularly based on
longitudinal data.

Material and methods
Setting

Between 1969 and 1993, the Swedish Construction
Industry’s Organization offered free health check-up
to both blue-collar and white-collar employees. These
health check-ups were voluntary and with no limits as
to how many times an individual could attend. The
mean number of visits was 3 but some cmployees
had up to 13 visits. Approximately 25% of the work-
ers did not attend at any time. There is no information

188

832

on whether the nonattendants did not Bet an invitation
or whether they were unwilling to participate. At each
visit resting blood pressure was measured in a supine
position, in addition to heart rate, height and weight.
The workers also completed a questionnaire regarding
medical history, working environment and detailed

history of smoking and snuff use.
i

The cohort

Approximately 390 000 individuals were registered in
the cohort between 1971 and 1993. No information
was available on tobacco use between the years 1975
and 1977, therefore we chose lo use exposure infor-
mation (snuff use) from the first visits after | January
1978. To avoid confounding from smoking we
excluded all persons who had ever smoked, using
information from all visits available from 197] (o
1993. The Swedish personal registration number, an
individually unique identifier, enabled follow-up
through record linkage to several national registers,
re. the Inpatient Register, the Causes of Death Regis-
ter, the Migration Register and the Total Population
Register. Subjects were further excluded because of
other inconsistencies or missing information on area
of domicile, weight, height or snuff use. In all,
approximately 1.4% of the men were lost 1o follow-
up because of inconsistent personal registration num-
bers. The final population consisted of 120 930 men.
The exclusion criteria and the number of subjects
included in the different analyses are outlined in detail
in Fig. 1.

Outcome

Cases of hypertension were identified in the Inpatient
Register using discharge diagnoses in which hyperten-
sion was coded as the underlying cause or as
co-morbid condition. The definition included malig-
nant and benign hypertension with or without hean
and kidney failure (ICD-7- 440-447, ICD-8: 400-404,
ICD-9: 401-405 and ICD-10- 110-115). A systolic
blood pressure >160 mmHg or diastolic blood pres-
sure >100 mmHg at the health visit was classified as
high. Only subjects with repeated measurements of
blood pressure were included when calculating the

© 2008 Blackwell Publishing Ltd Journal of Internal Medicine 264: 187194
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15 348 with measurements before 1971 exclusively

2 171 with incomplete exposure nformation

43 461 wath high blood pressure or  hypertension prior to entry ==

Fig. 1 Flowchart of the
Construction Workers Cohort.

mean systolic and diastolic blood pressure over time.
For those with two measurements at one health visit
the mean was used. A ‘healthy’ cohort was created
for the follow-up analyses including only those with
systolic blood pressure <140 mmHg and diastohc
blood pressure <90 mmHg at the first visit along with
those never registered with hypertension in the In-
patient Register prior to baseline (see Fig. 1).

Information on snuff dipping and other risk factors

From 1978 information on the amount of snuff use
(g week™'), duration of snuff dipping, and time since
cessation of snuff dipping (years) was obtained.

231 635 ever smokers or rmussing smoking data

35 464 with only one measurement

370084
men with blood pressure measurements

138 449
never smokirs

]

123 101 o
men with measurements after 1978

120 930 '
men in final cross-sectional analyses

77469 o
“healthy” men in final baseline analyses

42 005
men in final follow-up analyses

Regular snuff use was defined as consumption of at
least 1 g day ' for at least 1 year. Former snuff users
were those subjects who had stopped using snuff
more than | year before enrolment. The mean con-
sumption reported amongst current snuff users was
22.5 g day”'. We only used snuff information from
the first visit registered as the repeat visits varied in
number and timing because of self-selection. For this
reason and the fact that duration was age dependent
we did not use this information in the analyses. Cur-
rent users were divided into four groups according to
the amount of daily snuff intake (g week™'):

<125 gday”', 12.5-249 g day™', 25499 g day™

and 50 or more g day .
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Body mass index [BMI, weight (kgV/height (m?)] was
calculated using information from the health check-
up. Area of domicile at baseline was established by
linkage 16 the Total Population Register and the Reg-
ister of Domestic Migration. We grouped the resi-
dence areas of participants into northemn, middle and
southern Sweden. No information on alcohol, diet or
physical activity was available.

Statistical analysis

At baseline the relationship between snuff use and
high blood pressure was measured as odds ratios
through logistic regression models with adjustment
for age, BMI and region of residence. The cohort
members contributed person-ycars from the entry date
until the date of first diagnosis (hypertension in the
Inpatient Register or high blood pressure at subse-
quent health visit), death, emigration out of Sweden
or the end of year 2004 (1993 for analyses of high
blood pressure), whichever occurred first. If an indi-
vidual was living in a county with incomplete cover-
age of the Inpatient Register, the entry date was reset
to the date of complete coverage to ensure complete
follow-up for hypertension. The association between
snuff use and risk of hypertension was estimated by
relative risks derived from Cox proportional hazards
models with adjustment for attained age (as time

i

scale) [23], BMI and region of residence. Repeated
blood pressure measurements on individuals allowed
us to study the effect of snuff on change in high
blood pressure (binary outcome vanable) over time.
Repeated measurements on individuals are usually
correlated and the Generalized Estimation Equation
was used to adjust for this within—indiyidual correla-
tion [22]. Age at entry was considered as a potential
confounder and was included in the analyses. All
analyses were conducted using SAS, version 9]
(Cary, NC, USA). This study was approved by the
Regional Ethics Committee at Umea University.

Results

In all, 120 930 never smoking men with information
on blood pressure and snuff use at baseline were
included, and 42 005 of those had more than one
measurement on blood pressure and WCere normoten-
sive at baseline (Fig. 1). Approximately 30% of the
men were ever snuff users. More than 5900 men
had high blood pressure (systolic >160 mmHg or
diastolic >100 mmHg) at baseline. Amongst the nor-
molensive men with repeated measurements 949
cases with high blood pressure or hypertension were
observed. The prevalence of snufl use and number
of men with high blood pressure/hypertension s
presented in Table |.

Cohon
Baseline cohort Healthy baseline with fepeated  measurements
(¥ = 120 930) Healthy baseline (V = 77 469) (N = 42 005)
High blood High blood
N n (%) pressure® n(%) Hypenension® n (%) pressure® Hypenension®
Never snufl use 85413 (71) 4815 52456 (68) s8] 29892 (71) 337 397
Ever snuff use 35517 (29) 1100 25013 (32) 158 12 093 (29) 124 9]
Former snuff use 2487 (2) 90 1631 (2) 12 858 (2) 10 7
Current snuff use 32973 271) 1010 23 382 (30) 146 11 235 (27) 114 84
<125 g day ' 7175 (6) 280 4828 (6) 37 2641 (6) 34 22
125-249 g day™* 14 832 (12) 435 10 637 (14) 66 5252 (13) 51 36
25-499 g day™! 7529 (6) 183 5479 (7) 30 2366 (5) 18 17
>50 g day ' 3437 (3) 112 2438 (3) 13 976 (3) 11 9
—_—

"Cases identified at health check up for those with more than one health check-up. End of follow-up 1993

"Cases identified in the Inpatient Register
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The odds ratios for high blood pressure (SBP
>160 mmHg or DBP >100 mmHg) amongst ever
snuff users was 1.23 (95% CI 1.15-1.33) compared
with nontobacco users following adjustment for age,
BMI and rcgion‘ of residence (Table 2). Following
stratification for age, slightly higher odds ratios for
high blood pressure were observed amongst ever
snuff users in the older age groups.

Amongst subjects with normal blood pressure at base-
line no clear nsk of hypertension was observed in
snuff users compared with nonsnuff users (Table 4).
However, amongst the normotensive with repeated
measurements, the relative risk of high blood pressure
at a subsequent health visit was 1.39 (95% CI 1.08-

1.79) amongst ever snuff users (Table 4). In this
group the relative risk of hypertension was 1.36 (95%
CI 1.07-1.72). The nsk estimates were generally

- higher amongst current users, although no clear dose-

response effect was detected (Tables 3 and 4). The
effect of snuff on the nisk of high blood pressure
increased with time (P = 0.02).

/ /

Discussion

Our findings indicate that the prevalence of high
blood pressure is increased amongst ever snuff users.
We also observed an increased risk of high blood
pressurc and hypertension during follow-up amongst
snufl users with normal blood pressure at bascline.

Table 2 Prevalence of high blood pressure (systolic blood pressure >160 mmHg or diastolic blood pressure >100 mmHg) at
bascline (N = 120 930) in different age groups according to snuff use amongst Swedish male construction workers

Age at Ever used snuff Former snuff users Current snuff users

baseline Never used snuff

e n (%) n (%) OR’ (95% CT) n (%) OR* (95% CT) n (%) OR* (95% CI)
All 4815 (5.63) 1106 (3.11) 1.23 (1.15-1.33) 90 (3.69) 1.04 (0.83-1.31) 1010 (3.07) 1.25 (1.16-1.35)
<45 1174 (1.83) 529 (1.61) 1.18 (1.06-1.32) 41 (1.85) 0.98 (0.72-1.35) 487 (1.59) 1.20(1.08-1.34)
45-49 505 (8.28) 110 (12.00) 137 (1.10-1.72) 14 (11.63) 1.42 (0.80-2.51) 95 (12.06) 1.35(1.07-1.72)
50-54 763 (13.97) 116 (19.02) 1.37 (1.10-1.71) 8 (15.52) 1.12 (0.52-2.39) 107 (19.38) 1.39 (1.10-1.75)
55-59 1157 (20.90) 168 (28.19) 1.35(1.11-1.63) 11 (17.46) 0.73 (0.38-1.43) 156 (29.46) 1.43 (1.17-1.75)
60--64 1114 (27.27) 176 (32.06) 1.20 (0.98-1.45) 16 (32.69) 1.30 (0.70-2.40) 158 (31.99) 1.19 (0.97-1.46)
265 102 (34.58) 7 (53.85) 220 (0.70-6.95) 0 - 7 (53.89) 2.20 (0.70-6.95)

*OR. odds ratio derived from logistic regression model; Cl, confidence interval; adjusted for age at entry, body mass index {weight (kg)/height
(m"), categonzed into <20, 20-24.9, 25-29.9 and 230] and region of residence (rorthem, middle and southem Sweden).

Table 3 Prevalence of high

blood pressure (systolic blood Age ar

OR* (95% CI)

pressure 2 160 mmHg or dia-  pageline

stolic  blood  pressure ‘2100 tacanii <125 g day™'
mmHg) at baseline in different
. g Al 1.12 (0.98-1.28)

age groups according to snu

use amongst Swedish male con- <45 1.18 (0.96-1.44)

struction workers 45-49 1.24 (0.80-1.90)
50-54 1.11 (0.74-1.65)
55-59 1.15 (0.83-1.6)
60-64 0.96 (0.72-1.29)
265 1.78 (0.38-8.36)

1.37 (0.97-1.96)
1.73 (1.29-231)
1.65 (1.22-2,23)
4.57 (0.43-47.6)

1.68 (1.01-2.8)

1.31 (0.76-2.25)
0.61 (0.29-1.29)
1.36 (0.08-24.0)

12.5-24.9 g day™’ 25-49.9 g day”™" 250 g day ™'

1.31 (1.17-1.46) 1.25 (1.07-1.47) 1.45 (1.18-1.78)
1.12 (0.96-1.31) 1.30 (1.07-1.58) 1.36 (1.06-1.75)
1.62 (1.17-2.26) 1.01 (0.57-1.83) 122 (0.62-2.42)

218 (1.11-4.3)
1.61 (0.75-3.46)
1.83 (0.70-4.80)

*OR. odds ratio derived from logistic regression model, CI, confidence interval; adjusted for age at
entry, body mass index [weight (kgy/height (m"), categonzed into <20, 20-24.9, 25-29.9 and 230]
and region of residence (nonhem, muddle and southem Sweden)

D
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Healthy baseline with repeated
measurements (N = 42 005)

Healthy baseline (N = 77 469)
—_— 1Y)

Table 4 Relative risk of high
blood pressure or hypertension
amongst Swedish male constrc.

Hypertension® High blood pressure® . Hypertension® tion workers using snuff 5
" RR° (95% CI) RR® (95% CI) RR* (95% CI)
Never snuff use Ref. Ref. Ref
Ever snuff use 1.08 (0.89-1.29) 1.39 (1.08-1.79) 136 (1.07-1.72)
Former snuff use 078 (0.43-1.41) 1.49 (0.76-2.90) {085 (0.40-1.79) i
Current snuff use 110 (0.91-1.33) 1.34 (1.03-1.74) 1.43 (1.12-1.83)
<125 g day™' 1.03 (0.74-1.43) 1.49 (0.97-2.27) 1.18 (0.77-1.82)
12.5-24.9 g day ™' 1.15 (0.88-1.49) 1.24 (0.86-1.80) 1.43 (1.01-2.02)
25-49.9 g day™ 1.15 (0.79-1.69) 1.19 (0.69-2.05) 1.77 (1.08-2.90)
>50 g day™' 1.03 (0.59-1.79) 1.67 (0.86-3.28) 1.76 (0.90-3.42)

*Cases identified at heakh check-up for those with more than one health check-up. End of follow-up

1993.
"Cases identified in the Inpatient Register.

RR, relative risk derived from Cox proportional hazard regression model; Cl, confidence interval;
adjusted for age (age a follow-up was used as time scale), body mass index [weight {(kgV/height (m?),
Categorized into <20, 20-24.9, 25-29.9 and 230) and region of residence (northern, middle and south-

Our findings are in line with tWo previous studies on
snuff use and hypertension, of which one was based
on an earlier subset of the present cohort [17] whilst
the other was a case-control  study showing an
increased prevalence of hypertension amongst controls
using snuff [6]. However, several studies have failed
to find such an association [12, 15, 19-23). These
apparent discrepancies could have several explana-
tions: the age distribution in the study populations is
different, three of them (including ours), have an
older/middle aged study population [6, 17, 22] whilst
others have restricted the study population 1o young
and healthy athletes [12, 15, 19, 20, 23]. In some
studies adjustment was made for potential confound-
g factors, such as smoking, BMI and physical activ-
ity [6, 12, 17, 19, 21], whilst others did not [20, 23).
All previous studies on snuff use and hypertension
were cross-sectional studies, which limits the possibil-
ity of evaluating causality. Our study is the first study
using a prospective design for assessing the long-term
effect of snuff use on blood pressure and hyperten-
sion. We were able 1o restrict the cohont to a normo-
tensive study population for follow-up both by blood
pressure measurements at health check-ups and in-
pauent care for hyperntension.

Smokeless tobacco and snuff have a documented
acute hypertensive effect lasting up to 90 min after
mtake [13]. This effect is presumably the result of
nicotine exposure. Studies have shown that snuff
users have serum nicotine concentrations comparable
to those of cigarette smokers [9. 10, 24]. Nicotine
infusion can increase systolic blood pressure by act-
vating the sympathetic fervous system [25, 26], an
effect which is observed at relatively low blood levels
of nicotine, and the effect reaches a maximum even if
the nicotine level in the blood is further increased:
and persists as long as the nicotine levels are moder-
ate, including ovemnight. This means that a snuff user
can have a sympathetic activation 24 h per day [26].
The results of the present study may thus partly be
due 10 a short-term effect from snuff use. However,
subjects were not allowed to use tobacco during the
health check-up and the blood pressure was measured
after S min of rest in supine position. Another way of
hmiting any bias from short-term effect is 10 use a
high cut-off for the definition of high blood pressure.
A review article indicates that the maximal elevation
in blood pressure afier snuff intake ranges from 4 to
15 mmHg for

systolic  blood pressure  and 6

I mmHg for diastolic blood pressure [13]. For the

182 © 2008 Blackwell Publishing Ltd Journal of Internal Medicine 264. 187-194
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purpose of the present study, we defined high blood
pressure as systolic blood pressure =160 mmHg or
diastolic blood pressure 2100 mmHg. These cut-off
points for high blood pressure exceed those which are
currently recommended. The increase in blood pres-
sure from the direct effect of snuff is unlikely to nise
above this cut-off value in a normotensive person. It
should also be noted that ghe effect of former snuff
use on high blood pressure in the present study was
not as consistent, or statistically significant as for cur-
rent snuff users, which may imply that the effect of
snuff use decreases after cessation.

Strengths of the present study include the prospective
design, the large sample size and a homogencous
study population. Duning prolonged follow-up, mis-
classification of exposure might happen because of
subsequent changes in tobacco use. The data on snuff
exposure have not been validated in the present study.
However, a previous study on the Construction Work-
ers Cohort showed that the inconsistency over time
was only 2.6% regarding tobacco smoking [27].
Another Swedish study found that once snus use was
initiated, more men continued using snus rather than
quit tobacco completely [28]. Although we lacked
individual level information by which to control for
education, diet and physical activity, the variability of
these factors is expected to be less amongst construc-
tion workers than in the general population. We were
able to adjust directly for BMIL. This is an important
risk factor for hypertension, and to some extent helps
control calornic intake and physical inactivity. As we
did not have any information on the nonattendants,
we do not know whether there would be a potential
selection bias and how this would influence the
results.

It is important to point out that the identification of
cases of hypertension in this study is not optimal. One
report indicates that only 17% of all patients with
hypertension can be identified in the Inpatient Register
[29]. Such misclassification of outcome is probably
nondifferential, i.c. both snuff users and nonsnuff users
have the same probability of presence in the register.
If anything, this bias would primarily contribute to a
dilution of the effect from snuff use on hypertension

but the magnitude may be unimportant if mainly the
sensitivity (underdiagnoses) is affected [30].

In conclusion, we found an increased risk of elevated
blood pressure and hypertension amongst snuff users.
These results are of potential public health importance
as the prevaience of snuff use is high in Sweden and
that hypértension is one of the major nisk factors for
cardiovascular disease.
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Abstract

Health hazards associated with‘the use of smokeless tobacco were evaluated in a cross-sectional
study of 97,586 Swedish construction workers undergoing health examinations in 1971-74. All
users of smokeless tobacco only (5014 subjects) and all exclusive smokers of > or = 15 cigarettes
daily (8823 subjects) were compared with all non-users of any tobacco (23,885). Both smokeless
tobacco users and smokers showed higher prevalences of circulatory and respiratory disorders.
Hypertension was most common in smokeless tobacco users. In the 45- to S6-years age group,
the odds ratio for a diastolic blood pressure of > 90 mmHg was 1.8 (95% CI, 1.5-2.1), and for a
systolic blood pressure > 160 mmHg, 1.7 (95% CI, 1.3-2.1). Smokers showed the lowest
prevalence of hypertension. Disability pensions due to cardiovascular disease were nearly 50%
more frequent in both smokeless tobacco users and smokers. These findings indicate that an
increased cardiovascular risk is also associated with the use of smokeless tobacco.
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Abstract

Introduction: Tobacco consumption is a major source of mortality and morbidity in India _
Prevalence of smokeless tobacco (ST) consumption in India is around 20%. Studies have shown

increased prevalence of cardiovascular disease risk factors and an increased inci

dence of adverse

cardiovascular events among the ST consumers. This is a cross-sectional study done to look into
the association of exclusive smokeless tobacco consumption with hypertension, in an adult male

rural population of north India.

Methods: All male residents of a village in north India above 15 years of age, who did not have any
acute or chronic morbidity were included after taking an informed consent. Subjects were
interviewed regarding their demographic profile, socioeconomic status and tobacco consuming

habits. Current smokeless tobacco user was defined as one who has ever consum

ed tobacco orally

in past | month. Blood pressure of the subjects was also recorded. Cut offs used for systolic and

diastolic hypertension were 140 mm hg and 90 mm Hg respectively.

Results: 443 subjects were included in the study. Prevalence of exclusive ST use

rs was 2 |% while

19.4% consumed both forms and 26.6% did not take any form of tobacco. Mean systolic and
diastolic BP were significantly higher in exclusive ST users(systolic BP=139.2+17 4. diastolic BP =
86.8+11.5)as compared to the non users(systolic BP= |35.7+18 8 , diastolic BP=82 ¢ +11.5; p value
< 0.05). The prevalence of diastolic hypertension was significantly higher in exclusive ST users as
compared to non users ( 40.9%, 22.9% :p value = 0.01) . The OR for diastolic hypertension in male
ST users was 2.3( 95% C.I. = 1.3-4.3). Prevalence of systolic hypertension was higher in exclusive
ST users too though this was not statistically significant (43%,36.4%:p value = 0.39).

Conclusion: ST consumption is associated with increased prevalence of high BP

in the adult male

rural population.This is an indicator of increased predisposition to major adverse cardiac events
later in their life time. Prevention of ST consumption could be an important intervention in

preventing the ongoing upswing in prevalence of chronic heart disease.
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Introduction

Tobacco consumption is a major source of mortality and
morbidity in India. According to estimates there are
approximately 5 million deaths due to tobacco consump-
tion annually which is expected to reach 10 million by
2025. Currently over 20% of worldwide tobacco related
mortality occurs in India [1,2].

In developing countries like India, tobacco consumption
is mainly done in two forms: smoked tobacco products
and smokeless tobacco. Most commonly used smokeless
tobacco products include - tobacco pan masala, tobacco
with lime, tobacco with pan and betel quid |3]. Prevalence
of smokeless tobacco consumption in India is 20%. It is
significantly higher in males than in females (28% in
males and 12% in fernales) and in rural population as
compared to urban population [4]. Easy affordability,
lesser cost and misconceptions regarding its useful health
effects are imponant contributory factors for increased
smokeless tobacco consumption.

Association of smokeless tobacco consumption with
occurrence of adverse cardiovascular events like myocar-
dial infarction, stroke, and ischemic heant disease has
been studied in detail in western population. Results from
these studies paint a mixed picture with some showing
increased incidence of these adverse events {5-8] while
others showing no such association [9-12]. Similarly, con-
tradictory results have been seen in studies evaluating
increased risk factors for cardiovascular diseases in smoke-
less tobacco consuming population [13-17]. In India, lim-
ited studies have shown that tobacco chewing is
associated with increased prevalence of cardiovascular
risk factors like dyslipidemia, hypertension, and ECG
abnormalities as compared to non tobacco users [16-18].

This is a cross-sectional study done to look into the asso-
ciation of exclusive smokeless tobacco consumption with
hypertension, a well known risk factor for development of
cardiovascular disease, in an adult male rural population
of north India.

Materials and methods

A community based cross sectional study was carried out
in the village Piayala of Faridabad district in Haryana state
in north India over a period of one month. The site of
study was chosen by random selection. All male residents
of the village above 15 years of age were included after tak-
ing an informed consent. Exclusion criteria for the sub-
jects included presence of any self reported acute illness,
diagnosed cardiac, renal or hepatic disease, any current
treatment for cardiac or blood pressure related morbidi-
ties and history of heavy alcohol or recreational drug use.
Convenience sampling was used by approaching the sub-

23
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jects for interviewing in the moming before they left for
their work.

A peer reviewed, pretested proforma was used to interview
the study subjects. The proforma contained questions per-
taining 10 the demographic profile, socioeconomic char-
acteristics, and tobacco consumption habits. For the
study, smokeless tobacco was defined as form of tobacco
consumed orally and not smoked, and included moist
oral snuff, chewing tobacco and tobacco used with betel
quid, areca nut, Pan Masala. Current tobacco user was
defined as one who has ever consumed tobacco in any
form in past one month. Current smokeless tobacco user
was defined as one who has everconsumed tobacco orally
in past 1 month. A never user was defined as one who has
never consumed tobacco in any form. The subjects were
interviewed in Hindi on a one to one basis. We also meas-
ured the blood pressure of the patient using an electronic
BP measuring instrument (OMERON M4) in the right
arm standing position. The B.P was recorded on 2 differ-
ent occasions at 5 minute intervals and the average of the
two values was calculated. Systolic hypernension was
defined as systolic blood pressure more than 140 mm Hg
and diastolic hypertension was defined as diastolic blood
pressure more than 90 mm Hg.

Data was entered using Microsoft excel spread sheet and
analyzed using SPSS 17.00 version statistical analysis soft-
ware. Age adjusted Odds ratio was calculated 10 look into
association between the desired variables using logistic
regression models. Chi square test was used to test the
association between categorized variables and independ-
ent T test was used to compare means of continuous vari-
ables.

Results

The male population of the village with age greater than
15 yrs was 554 out of which 36 {6.5%) were not available
at the time of interview. 44 (7.9%) were excluded due 1o
lack of consent and 31(5.6%) were excluded due to pres-
ence of either acute illness (n = 7) or a history of pre exist-
ing cardiovascular disease (n = 9) or current blood
pressure medication (n = 11) or chronic alcoholism (n =
4). Finally, 443 subjects were included in the study. Prev-
alence of consumption of different forms of 1obacco
(smoked vs. smokeless) is shown in Table 1. The demo-
graphic profiles exclusive smokeless tobacco users and
non users of tobacco are shown in Table 2. Multivariate
logistic regression analysis showed a statistically signifi-
cant correlation between exclusive smokeless tobacco
consumption and less than 5 years of education among
the subjects (Table 3). Also odds of exclusive smokeless
tobacco use were significantly higher in unskilled or sem-
iskilled workers like farmers, factory workers and daily
laborers (Table 3). Prevalence of risk factors for hypernen-
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Table I: Prevalence of consumption of different forms of tobacco Discussion
in rural male population Smokeless tobacco consumption is associated with

Mode of tobacco consumption % Distribution increased prevalence of high blood‘ pressure in the adult
(n = 443) male rural population. This finding is similar 10 some pre-

——— ——— ______— vious studies done in Indian [16-18] as well as western
Non user of tobacco 26.6%(n = 118) population [19-24). Significantly higher prevalence of
B R S N diastolic blood pressure in the smokeless_tobacco users as
Exclusive Smokeless tobacco user 21% (n=93) . compared to non-users corroborates with findings in pre-
T e S vious studies [16.19]. However many studies have fajled
Exclusive smoker of tobacco 3% (n = 146 to show an association between smokeless tobacco use
Bt —— and hypertension 114,25-28]. This could Pe due to differ-
Both smoker and smokeless tobacco user 114%n=85) ence in subject population induded in these studies. Also,

differences in the study designs (cross sectional vs. pro-
spective) and in adjustment for various confounding fac-
sion, mean values of B.P and the prevalence of systolic  tors could be contributing to the vaniability in the results.
and diastolic hypertension in the population are shownin  Other possible reasons for this population based differ-
Table 4. No statistically significant difference was seen in ence in the effect of smokeless tobacco on blood pressure
prevalence of any risk factor among exclusive smokeless  could be due to difference in the composition of the
tobacco user and non user population. Mean systolic and smokeless tobacco used as well as difference in predispo-
diastolic blood pressure were higher in exclusive smoke- sition to HTN in populations of different origins. Availa-
less tobacco user Population as compared 10 the non  bility of Data for Indian population, in this regard, is very
users. Prevalence of systolic hypertension was higher in  limited. Studies have shown that smokeless tobacco
exclusive smokeless tobacco consumers as compared to acutely increases blood pressure and heant rate similar to
non users. However this difference was not statistically  tobacco smoking [20]. Acute Nicotine exposure from
significant (p value = 0.39). The Odds Ratio adjusted 1o smoking cigarettes is a well known factor for causing
age, BMI, exercise and family history of hypertension for  adverse cardiovascular outcomes 129]. Evidence suggests
systolic Hypertension among the exclusive smokeless that chewing tobacco leads 10 blood nicotine levels simi-
tobacco users was found to be 1.4(95% CI. = 0.8-27). larto that seen in smoking. Moreover, due to prolonged
The prevalence of diastolic hypertension was found 1o be absorption, high levels of nicotine are achieved for longer
significantly higher in exclusive smokeless tobacco user  durations of time. The sympathicoadrena activating
male population as compared 1o non users of tobacco(p properties of nicotine and high sodium conteny of oral
value = 0.01). The adjusted odds ratio for diastolic hyper-  tobacco Preparations could be the main contributing fac.
tension in male smokeless tobacco users was found to be  tors for high B.P in tobacco chewers [29]. This high con-
2.7(95% C.I. = 1.4-4.9) tent of sodium could be more contributory to the diastolic

Table 2: Demographic details of exclusive smokeless tobacco users and non users of tobacco

Baseline characteristics Exclusive smokeless tobacco user(n = 93) Non users of tobacco (n=118)
Mean Age 3542 11.2yr 363 % 131 yrs
age group distribution <20: 14% <20: 17.7%
20-40: 60.2% 21-40: 55.9%
40-60: 16.2% 41-60: 15.2%
>60: 9.6% >60:16.1%
Marital Status Married: 77 4% Married: 72.2%
Unmarried:22.6% Unmarried: 27.8%
Literacy <5 yrs: 62.3% <5 yrs: 52.4%
6 yrs or more: 38.7% 6 yrs or more: 48.6%
Occupation Farmer: 21.1% Farmer: 23.2%
Factory worker- 20.2% Factory worker |5 5%
Laborers: 25 3% Laborers: 11.4%
Students: §.2% Students: 10.3%
Other: 25.1% Others: 36.3%

= - _— = —_—
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Table 3: Logistic regression analysis of exclusive smokeless tobacco consumption and demographic characteristics

Characteristic Chi square

Odds ratio for exclusive ST consumption

P value

Age: 0.034
<45 (RC)
>45

0.91(0.36-2.28) 085

Marital status _ 0797
Unmarried(RC)
Married

1.33(0.71-2.50) - 037

Literacy:
< 5 yrs of Education(RC)
>5 yrs of Education

Occupation: 6.01
Unskilled/Semiskilled (RC)
Others

6.85 0.48(.27-0.83)
i

0.49(0.27-87)

0.009

0014

P value < 0.05 is considered significant. RC: reference category: Unskilled and semi skilled workers include farmers, daily laborers, and factory

workers

blood pressure than systolic as shown in our study results.
Further studies are warranted to gain insight and under-
standing of this matter.

Limitations

This study included the study population of one village
only, thus leading 1o some degree of selection bias. Differ-
ences in dietary habits of the subject, like amount of salt
intake, have not been taken into account which could be
a potential confounding factor. Also, recall bias could

have been there in self reporting of illnesses by the sub-
jects.

Conclusion

An increased prevalence of high blood pressure is seen
amongst asymptomatic males who are exclusive smoke-
less tobacco users. This is an indicator of increased predis-
position to major adverse cardiac events later in their life
time. Prevention of Smokeless tobacco consumption
could be an impornant intervention in preventing the

Table 4: Comparison of blood pressure and other relevant parameters among exclusive smokeless tobacco users and nonusers

Exclusive ST user Non user of tobacco O.R.* P value
(N =93) (N=118) (95%C.1)
Mean body weight (Kg) 518+ 104 $32+ 125 - 0.386
Family history of HTN 54% 677% = 0.779
(n=5) (n=8)
regular exercise 12.9% 11.86% = 0835
(n=12) (n=14)
Mean systolic B.P(mmHg) 1392+ 174 1357 + 188 = 0.16
Mean diastolic B.P(mmHg) 868+ 115 826+ 115 ; 0.01
Systolic HTN 43% 364% 1.4 0.39
prevalence (n = 40) (n=43) (0.8-2.7)
Diastolic HTN prevalence 40.9% (n = 38) 22.9% 27 0.0018
(1.4-49)

(n=27)

Mean systolic and diastolic blood pressures in exclusive smokeless tobacco users and non users of tobacco along with prevalence of systolic,

diastolic hypertension, and other associated variables in the populaton

o
o
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ONgoing upswing in prevalence of chronic hean disease
that is threatening to engulf every region of the world.

Abbreviations
ST: smokeless tobacco; BP: Blood pressure.,
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Cardiovascular Risk Factors in Tobacco-chewers: A

Controlled Study

BK Gupta, A Kaushik, RB Panwar, VS Chaddha, KC Nayak, VB Singh, R Gupta, S Raja

Abstract
Background : Influence of habitual tobacco chewing on cardiovascular risk has not been well studied. To

detenmng ‘prevalence of major cardlovascular risk. factors in subjects who habitually chew tobacco we
performed a controlled study. :

Methods : A population based case-con&ol sl'udy was performed in Bikaner in North-western India where
the prevalence of tobacco-chewing is high: Successive 200 subjects whoagreed to participate in the evaluation
and had a hlsmry of isolated tobacco-chewing '{:;angél[[—éﬂyems}wmmmﬂed {Group III). The prevalence of
i { Al}(.« Yy nsion, fashnghyperglyeema,and lipid levels were
ardi also performed in all subjects. Chest radiography
i 'symptoms. 200 age- and gender-matched
contmlswho dld not use tohacm in any fonn (Group'l) and 200 subjects who had history of smoking bidis
or cigarettes for more than 10 years (range rs) (Group II) were also evaluated.
Results: The body-mass index and obesit were lowest in smoker group. Tobacco chewers had a significantly
higher (p<0.001) systolic blood pressure (BP), diastolic BP, resting heart rate, total cholesterol, LDL cholesterol
and *rides as compared tocon ._'assinﬂartosnmke:gmup There was asignificantly greater
(pdm})prevalmofhypenmmmh serchols ia, hypertriglyceridemia, radiographic cardiomegaly
and pmhygmms’ test in Group III as cor d to mntrol.“.‘ Prevalence of these risk factors was similar
among Group Il and Group II sub;ect&HDL cholesterol levels were the lowest in tobacco-chewing group
(443481 mg,{dl) as compared to the. "_ p. F'S:}‘S -4:]:7.8)<_and Group]] (47.4+7.5) (p<0.001).
Conclusions : There is a s:g;mﬁcantly t prevalence of multiple cardiovascular risk factors obesity, resting
taduycmdla, hypertension, high total and LDL cholesterol, and low HDL cholesterol, and e]ectroca:dnograp}uc
changes in tobacco users, chewing or smoking, as compared to tobacco non-users. Chewing tobacco is

associated with similar cardiovascular risk as smoking. ©

INTRODUCTION

ccording to the World Health Report (2002) tobacco

is the most important preventable cause of overall
mortality as well as cardiovascular mortality worldwide.’
While cigarette smokers are found worldwide smokeless
tobacco use is restricted to certain geographic areas.’
Tobacco use is widely prevalent in India and many
developed countries. Multiple studies have reported
that all forms of tobacco use (smoked, smokeless and
other forms) is highly prevalent in youth and adult and
in both men and women in India.* Tobacco chewing isa
unique habit of Indian subcontinent and is consumed in
form of pan, gutka, mawa, khaini, mainpuri, etc. Because
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of its easy availability tobacco chewing is rapidly
increasing and affecting all age groups, genders and has
become a major public and social health concern. 1t is
roughly estimated that about 5 to 10 million people are
tobacco-laced pan masala addicts in India.*

Cigarette smoking is a major risk factor for coronary
heart disease and 1schaemic stroke, lung cancer, chronic
obstructive lung disease and premature morbidity and
mortality” In India smoking has been correlated with
increased mortality from pulmonary tuberculosis.®
Nicotine is one of the important substances present in
tobacco and has direct toxic effects on cardiovascular
system.”” Tobacco chewing is well known to increase
risk of oral and gastrointestinal cancers but whether it
increases the risk of cardiovascular diseases is not well
studied.* To study the cardiovascular risk factor profile
in subjects chronically exposed to chewing tobacco
and to compare the risk factors in smokers and control
subjects we performed a study.



METHODS Chest radiography and treadmill stress test was done

The study was approved by the institutional ethics n Sub]e_ds when mc?n:aled by symptoms. )
committee and was conducted in the department of Card‘:ovascglar risk factors were compared in 200
medicine, SP Medical College and Associated Groupof ~ successive subjects Who agreed to consume chewing
Hospitals, Bikaner, Rajasthan. Fifteen health check-up tobacc!:) and not smoking for more than 10 years (Group
samps were organised in the city of Bikaner in years 1), with 200 subjects who did not chew tobacco but
2001 and 2002 to evaluate cardiovascular risk factors smoked tobacco in any form (G"“‘-'P 1), and 200 subjects
in community. Preliminary talks were held with local  who did not consume tobacco in any form (Group 1).
community leaders who were explained the aims, Statistical analysis: Numerical variables are reported
objectives and methodology of the study. Volunteers as mean + 1 SD and ordinal variables in percent.
who agreed to use of chewing tobacco and non-smokers, Unpaired t-test or chi-square test were used to compare
smokers who did not chew tobacco and non-tobacco two groups while analysis of variance and chi-square

users were invited for participation in the study. tests were used to compare multiple groups. P valye
Successive subjects who consumed tobacco in  less than 0.05 was considered significant.

chewable form (gutka, paan, khgini, are the most popular !

forms in this region) for more than 10 years were Resuirs

included in the study. These subjects did not use smoke The baseline demographic variables are shown in

and were not suffering from any major illness. The Table 1. The groups were matched for age and gender

prevalence of risk factors in these subjects was compared distribution. Among smoker Group I, the average

healthycontrols(n:ZfIl). Exclusion criteria were subjects 23.4 years (range 10-55 years). In Group 111 subjects,
with history of alcohol intake, ingestion of recreational the average consumption of tobacco was 5.7 g/day

blood sample for glucose, urea, creatinine, cholesterol, many subjects agreed to Ssymptoms of chest pain
triglycerides, high density lipoprotein (HDL) cholesterol (17%, 3_25%' :j”%)' bmathle:.snem (2.5%, 15%, 13.5%),
and low density lipoprotein (LDL) cholesterol. abdominal pain [0'5%']%'5’3)'1"3(]‘“]’9(]%' 4%, 3%),

headache (1.5%, 2%, 5%), palpitations (1.5%, 5%, 6%)

Electrocardiogram was also performed in al) subjects.
Table1: Demographic profile of the study subjects

Vanable Control Group Smokers Tobacco Chewers P value
N=200 N=200 N=200

Age (y1) 4684133 4850122 o Y

46.8+13.0 0312
(Range 25-76) (Range 25-70) (Range 23-70)
Male : Female 163/37 (4.4:1) 173/27 (6.4:1) 161/39 (4.1:1) 0234
Married 194 (97.0) 198 (99.0) 192 (96.0) 0.976
Socioeconomic status 0.848
High 3(0.2) 3(0.2) 3(02)
Middle 69 (34 5) 63 (31.5) 71(35.5)
Lower middle 95 (47.5) 94 (47.0) 98 (49.0)
Lower 33(165) 40 (20.0) 28 (14.0)
Educational Status 0.081
Nliterate 33(16.5) 47 (235) 32(16.0)
Primary 35(175) 46 (23.0) 32 (16.0)
Secondary 73 (36.5) 55(27.5) 77 (38.5)
College 59 (295) 52 (26.0) 59(29.5)
Family history of 66 (33.0) 120 (60.0) 114 (57.0) 0.002¢
tobacco use
Leisure-time 45(22.5) 35(17.5) 33(16.5) 0.402
physical activity
Numerical values are mean + 15D. Numbers in parentheses are percent. * significant.
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and recurrent stomatitis (0%, 1%, 6%). As compared to
control subjects in Group I, in Group 11 and Group I11
subjects the symptoms of chest pain (34 vs. 63 vs. 78,
p<0.01), breathlessness (5 vs. 30 vs 27, p<0.01), headache
(3 vs. 4 vs. 10, p<0.05) and palpitations (3 vs. 10 vs. 12,
p<0.05) were significantly greater.

The mean body-mass index (BMI) was significantly
lower in smokers (22.1+4.4 kg/m2) as compared to
controls (24.6+6.9) and tobacco chewers (24.4+4.2)
(Table 2). The waist-hip ratio was similar in all the three
groups and there was no difference in the prevalence of
truncal obesity. Mean systolic BP and diastolic BP were
the lowest in control subjects and were significantly
greater and identical in Groups H and III. Systolic BP
was 129.0+14.7 mm Hg in Group I, 133.5+14.1 in Group
11 and 131.5+17.1 in Group I and diastolic BP was
82.4+10.7, 85.4+7.7 and 87.049.8 mm Hg respectively
(p<0.01 on within group and inter-group comparison).
Prevalence of systolic as well as diastolic hypertension

was also significantly greater in Group IT and [11 subjects
as compared to controls. Resting tachycardia was
also significantly greater in Group II and IIT subjects
(Table 2).

Biochemical variables are shown in Table 3. There was
no significant difference in mean fasting blood glucose
levels. Mean levels of total cholesterol, LDL cholesterol
and triglycerides were significantly greater and not
significantly different in Group [l and Group [l subjects
as compared to controls (p<0.001). Levels of HDL
cholesterol were not significantly different. Prevalence
of hypercholesterolemia and hypertriglyceridemia was
also significantly greater in tobacco consuming groups.
Prevalence of abnormal electrocardiograms as well as
coronary heart disease diagnosed by Rose-questionnaire
angina or ECG chahges (Q-waves, ST segment changes,
T-wave changes) was also greater in Group II and
11l subjects as compared to controls. Radiographic
cardiomegaly was seen more frequently in Group II

Table 2 : Cardiovascular risk factors

Variable Control Group Smokers Tobacco-Chewers
N=200 N=200 N=200
Weight (Kg) 66.5+129 61.0£13.6* 66.2+12.4
Height (Meters) 1.6540.1 1.66+0.1 1.68+0.1
Body-mass index (Kg/m?) 24.6469 22,1444 244442
Overweight/obesity. BMI 225 Kg/ m’ BO (40.0) 44 (22.0)* 78(39.0)
Waist:hip ratio 0.91+01 0.92+04 0.90+0.1
Truncal obesity. WHR >0.9 (men), >0.8 (women) 119/163; 33/37 (76.0) 140/173, 27/27 (83.5) 118/161;37/39(77.5)
Systolic BP mm Hg 129.0+14.7 133.5+14.1* 131.5+17.1*
Diastolic BP mm Hg 8244107 85.447.7 87.0+9.8**
Systolic HTN (2140 mm Hg) 50 (25.0) 90 (45.0)** 74 (37.0)*
Diastolic HTN (290 mm Hg) 58 (29.0) 9 (48.0)° 103 (51.0)*
Heart rate (per min) 79.946.7 79.4+10.6 81.5+11.4
Tachycardia >90/min 13(6.5) 38 (19.0)* 36 (18.0)**

BMI body-mass index; WHR waist-hip ratio; BP blood pressure; HTN hypertension; ECG electrocardiogram. Numerical values are mean 4
1SD. Numbers in parentheses are percent. * p<0.05, **p<0.001 (Statistical comparison between control and smokers or tobacco chewers)

Table 3 : Lipids and other biochemical factors

Varnable Control Group Smokers Tobacco Chewers
N=200 N=200 N=200
Glucose (fasting) (mg/dl) 823494 B0.349.6 B32+44
Cholesterol (mg/dl) 169.4428.5 186.0439.2** 182.0442.1*
High cholesterol 2200 mg/dl 30 (15.0) 66 (33.0)** 57 (2B.5)*"
LDL cholesterol (mg/dl) 99.14+28.1 11594385 114.1+36.9*
High LDL cholesterol >130 mg/dl 22(11.0) 64 (32.0)* 56 (28.0)**
HDL. cholesterol (mg/dl) 484478 47.4+75 44.348.1**
Low HDL cholesterol <40 mg/dl 34 (17.0) 3 (17.0) 56 (28.0)**
Triglycerides (mg/ dl) 10544291 122.5450.6™ 116.0+43.8*
High triglycerides >150 mg/dl 18 (9.0) 50 (25.0)* 41 (20.5)*
Urea (mg/dl) 251442 2394169 251442
Creatinine (mg/dl) 075408 0.77+05 0.79+0.3
Abnormal ECG 2 (Mo 42 (21.0)* 34 (17.00
Coronary heart disease 8(4.0) 16 (8.0) 5(10.0)*
Positive stress test 6/44 (13.6) 20/67 (29.8)" 15/62 (242)

LDL low density lipoprotein; HDL high density lipoprotein. Numerical values are mean 4 1SD. Numbers in parentheses are percent.
* p<0.05, ** p<0.001 (Statistical comparison between control and smokers or tobacco chewers)
* p<0.003 (Statistical comparison between smokers and tobacco chewers)
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Statistical comparison of various parameters shows
greater prevalence of various cardiovascular risk factors
in tobacco users, smokers or chewers as compared to
tobacco non-users but the comparison between tobacco

Table 4: Odds ratios of abnormal values of various
cardiovascular risk variables

Variable Control v/s Control v/s Smokers
Smokers Tobacco v/s
chewers Tobacco
Chewers
BMI 0.4230 0.9590 0.4415
Waist hip ratio (males) 1.5686 1.0146 15459
Heart rate 33741 3.1575 1.0685
Systolic BP 24545 17619 1.393]
Diastolic BP 2.2599 2.5997 0.8693
Total cholesterol 27910 22587 1.2356
LDL 3.8074 31464 1.2100
HDL 1.0000 1.8986 0.5266
Triglyceride 33703 26072 12926
"\
Discussion

The habit of chewing tobacco is increasing because
of its free availability, cheaper cost and increasing
education about well established hazards of smoking.
Studies have confi that use of smokeless tobacco is
as harmful as smoked tobacco,? Chewing tobacco could
result in significantly greater deleterious cardiovascular
effects due to a larger overall exposure owing to
prolonged absorption.**

Gajalakshmi ¢t ql¢ performed a large case-control
study in Chennai recently and reported that tobacco is
a major risk factor for mortality. Gupta et al performed
a prospective cohort study of tobacco useand mortality
in Mumbai and found similar results. Our study shows

In_the present study it is observed that tobacco
chewing as well as smoking was more prevalent among
the lower socioeconomic status subjects (Table 1). There
was also a greater incidence of family history of tobacco
use among these groups. This is similar to previous

30 WwWwap: org
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Indian studies." 2 The BMI in smokers was significantly
lower as compared to tobacco chewersand non-smokers.
This could be due to the fact that chewing tobacco does

and widely adopted.

We also found a significantly greater prevalence
of multiple cardiovascular risk factors obesity,
resting tachycardia, hypertension, high total and
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Yoga Book for Doctors
Dr. Prakash C Malshe

Published by and Available at:
Antar Prakash Centre for Yoga
Email: prakashmalshe@rediffmail.com
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Yoga is currently much discussed and debated in both the print and electronic media. Reactions of the medical
profession on health, utility range from positive to extremely negative with enormous skepticism. Many of the attitudes
could result from lack of adequate exposure to underline physiological facts pertaining to yogasanas.

Dr. Prakash C. Malshe, a physician himself has chosen, after learning initial steps from Swami Adhyatmanand jiand
practice for around two decades, to share with the medical fraternity the facts that are useful focusing on the physical
aspects of yoga without feeling compelled to pursue the higher spiritual goals, i.e. the enlightenment.

Thebook is suitably divided into 9 chapters commencing with normal human physiology followed by Prayer, Asanas,
Pranayams and Internal Cleansing processes. There are photographs of actual performance postures and original
Sanskrit quotations with appropriate English translations that follows. There is reference to common li festyle diseases
such as Diabetes Mellitus, Hypertension, Ischaemic Heart Disease.

The author has stated that this book is an attempt to scientifically validate the facts about yoga that so fare we have

just believed in; and provide clear idea what a particular asana, mudra or pranayama can do; and how. In this handy
form and for the uninitiated, I must say that he has succeeded.

Dr. ME Yeolekar,
Dean, Professor of Internal Medicine, L. T.M.G. Hospital, !
Sion, Mumbai - 400 022. I
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Background There is on-going debate about the wisdom of substituting smokeless tobacco products for cigarette

smoking as a ‘harm reduction’ strategy. It
(ST) are lower than those with cigarette

is generally believed that health risks associated with smokeless tobacco use
smoking. However, the population attributable risk of smoking is higher for

cardiovascular diseases than for any cancers, and few studies or reviews have considered the cardiovascular outcomes of

ST use. A systematic review was therefore

carried out to highlight the gaps in the evidence base.

Methods Electronic databases were searched, supplemented by screening reference lists, smoking-related websites, and

contacting experts. Analytical observational studies of ST use

(cohorts, case—control, cross-sectional studies) were

included if they reported on cardiovascular disease (CVD) outcomes, or risk factors. Data extraction covered control of

confounding, selection of cases and controls, sample size,

ST use. One or two independent reviewers carried out sel

clear definitions and measurements of the health outcome and
ection, extraction and quality assessments.

Results A narrative review was carried out. Very few studies were identified; only three from Sweden consider CVD

outcomes and these are discrepant. There may be a

modest association between use of Swedish snuff (snus) and

cardiovascular disease (e.g., relative risk=1.4, 95% confidence interval 1.2-1.6) in one prospective cohort study. Several
other studies have considered associations between ST use and intermediate outcomes (CVD risk factors).

Conclusions There may be an association between ST use and cardiovascular disease. However, further rigorous stud ies
with adequate sample sizes are required. EurJ Cardiovasc Prevention Rehab 11:101-112 © 2004 The European Society of

Cardiology.

European Journal of Cardiovascular Prevention and Rehabilitation 2004, 11:101-112

Keywords: cardiovascular disease, smokeless tobacco, smoking, systematic review

Introduction

Coronary heart disease (CHD) is the most common cause
of death in the UK, and many developed countries [1]. It
is projected to be the single leading cause of death and
disability worldwide by 2020 [2]. The major risk factors
for CHD are smoking, high blood pressure, high
cholesterol levels, and lack of physical activity. Estimares
of relative risk (RR) for smoking and CHD vary between
studies, but tend to be between 1.5 and 3.0 13.4].
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The biological mechanisms through which smoking
causes CHD are still debated. Smoking appears to
increase CHD risk primarily through thrombosis (blood
clotting) 5], but may also influence atherosclerosis [6,7].
Evidence suggests that the blood nicotine levels from
smokeless tobacco (ST) use are similar to those of
smoking [8]. Nicotine itself has been shown to have
acute and systemic cardiovascular effects [9-12], bu
other aspects of tobacco smoke may be more responsible
for oxidative damage [13).

Smoking ‘harm reduction’

There is  increased interest in the concept of
‘harm  reduction’, persuading  resistant  smokers 1o
reduce  their smoking  levels [14], or to switch
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to alternative less harmful products [15]. Nicotine
addiction is the main hurdle to quitting smoking
among those motivated, hence swapping to another less
harmful form of nicotine delivery may benefit public
health [16].

What is ST and how is it used?

Smokeless tobacco is tobacco consumed orally and not
smoked, and includes moist oral snuff, chewing tobacco,
and tobacco us¢d with betel quid, areca nut, and other
ingredients [17-19]. Its use increased in the latter half of
the twentieth century in certain countries [19], particu-
larly the US and Sweden (where 20% of young males use
snuff) [20]. Forms of ST are also very commonly used iy
the Indian sub-continent [21].

Population attributable risks of tobacco use and
cardiovascular disease

Recent Swedish studies have not found high risks of
cancers associated with oral moist snuff use, but the
incidence of oral cancers is very low [22]. In contrast, the
incidence of cardiovascular diseases is very high [1]
and increasing in many countries [2,23], and the
population arttributable risk of cigarette smoking 1s
higher for cardiovascular disease than for most cancers

[24-26]. Smokeless tobacco contains many of the
same potentially noxious substances (nitrosamines
and nicotine) as smoked tobacco. The potential

cardiovascular health risks of ST use have been over-
looked to date. A systematic review was therefore carned
out to summarize and highlight gaps in the knowledge
base. This review expands on a larger report, which
considered a range of health effects associated with ST
use |27].

Methods

Criteria for considering studies for this review

Study types

Analytical epidemiological studies (prospective and retro-
spective cohort, case—control and cross-sectional studies)
were included. These must contain users of a form of ST
and a group who use no tobacco products or smoke
cigarettes only.

Outcome measures

Studies reporting on cardiovascular discase outcomes
were included. Studies reporting on ‘intermediate’
outcomes (cardiovascular risk factors) such as blood
pressure  or lipid  levels  were excluded from the
original review [27], but have been reported here for
completeness.

Exclusions

The ‘acute’ cffects of nicotine and tobacco on the
cardiovascular  system, increases in blood
pressure and heart rate, have been well-described else-
where [13,28-35].

including

Search strategy for identification of primary studies

A comprehensive search strategy was developed, as pant
of a larger review [27]. This included electronic dara-
bases, websites, contact with experts, and checking
reference lists. A few non-English language studies were
identified, but not included (appendices available from
author on request).

Results of searches

Each of the 2923 records identified were-scanned by at
least one reviewer 1o identify potentially relevant studies.
A conservative approach was utihzed 1.e., all papers were
retrieved unless sufficient details were available to decide
the study was definitely not relevant. A sgecond reviewer
independently screened the first 1557 arucles (from
MEDLINE) to double-check and minimize errors.
Agreement between the two reviewers was high (kappa
=0.74) (see Fgure 1 for a summary of study searching,
inclusion, data extraction and quality assessment). The
inclusion criteria and data extraction forms were devel-
oped for the review, adapted from a form used previously
[36], and pilot tested. Once inttally identified, two
reviewers extracted data from included studies.

Assessment of methodological quality

Unlike for randomized conrtrolled tnals, there are no
generally accepted lists of appropniate quality critena for
observational studies [37] and there is little empirical
research relating aspects of study quality to results [38].
Specific aspects of quality, such as control of confounding
factors, selection of cases and controls, sample size, clear
definitions of the CHD and ST use, evidence of a dose-
response relationship were therefore derailed for each
study. Table 1 describes each study in the order of
reference.

Results

Studies of cardiovascular disease outcomes
Prospective cohort study

One cohort study of ST use and cardiovascular disease was
carried out in several different regions of Sweden.
Bolinder ¢z al. [39] followed up Swedish construction
workers (135,036 men) for mortality outcomes from
cardiovascular disease (CVD) and other causes for 10
years. The ST use was defined as current use of ST only
and ST users were never-smokers. Also, cigarette smokers
did not use any other forms of tobacco. Across all age
groups, there was a 40% excess risk of both CVD death
and all-cause mortality among ST users [RR = 1.4, 95%
confidence interval (Cl) 1.2-1.6 for all CVD; RR = 1.4,
95% confidence interval (CI) 1.3-1.8 for all cause
mortality]. Among younger men aged 35-54, the age
and regional origin-adjusted RR of ST use for CHD
mortality was 2.0 (95% Cl 1.49-2.9); for stroke, the RR
was 1.9 (95% CI 0.6-5.7), and for all CVD deaths the RR
was 2.1 (95% Cl 1.5-2.9). There were no statistically
significant associations between ST and CVD in the older

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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for inclusion eligibility

The first 41 Papers assessed by
Moreummhdeperdanny.
Remewxagraq-}m 90.24%,
Kappa=0.74

Flowchart of search and selection strategy. CHD, coronary heart di
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nonmbaocouseofmkinggmups

. ST, smokel

tobacco.

(55-64) age group, and the authors suggest this may be ‘3
healthy worker effecr’. Equally, this may result from

‘selective mortality’ (earlier deaths among snuff users) or
simply chance.

Most of the major CVD risk factors lage, body mass index
(BMI), blood pressure, diabetes and history of hearr
symptoms or blood pressure medication ar the time of
entering study] were taken into account in these
estumates, except cholesterol and alcohol use. Relative
risks were not altered afrer control of these confounders
(though no numerical data is shown).

We calculated the population attributable risks (PAR) for
snus use and cigarette smoking using RR estimates from

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article

this study, and estimates of prevalence of cigarere
smoking and snus use among men in Sweden [40]. This
suggests that roughly twice as many cardiovascular
disease deaths could be auributed to cigarerre smoking,
compared with snuff use, however 95% Cls are wide and
almost overlap (Table 2).

Case-control studies

Two casc—control studies of CVD were included [41,42).
Both recruited cases from the MONICA (Monitoring
Outcomes in Cardiovascular Diseasc) Sweden Project,
but the authors state that participants were different in
cach study. The first paper used group-matched popula-
tion controls [41]. Snuff dippers had no increased risk of
myocardial nfarction (MI) compared to non-tobacco
users (see ‘lable 1). No dose—response relarion was
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Table 1 Description and quality assessment of studies

Study and type Subjects, setting and years Sampla size and number of ST users

of 8T of recruitment

Measurement of exposure,
outcomes and confounders

Findings or results

Comments

Cardiovascular disease oulcomes: prospective cohort study

Bolinder, 1994 [39] Swedish construction work- 135036 workers, Women workers

ORAL SNUFF USE ers  who had health fless than 0.05%) were excluded
check-ups in 1871-1074, from the study.

1672 of those aged 35-54 years and
1734 of 55-65 years were ST
users.

In total, there were 6287 ST users,
14 983 smokers of <15 cigarelles
per day, 13 518 smakers of > 15
cigareftes per day.

6761 recent ex-smokers (quit smoking
1=5 years previously) and 8800 ex-
smokers who quit more than 5 years
previously,

There were 32546 non-users of
tobacco.

Case-control studies
Huhtasaan 1992 [41]
ORAL SNUFF

585 cases (first MI) and 588 controls,

59 of cases and B7 of controls were
regular snuff dippers, 32 cases and
31 controls were concomitant smo-
kers and snuff users.

First MI cases and popula-
tion controls from Northarm
Sweden, 1989-1891.

ST use was defined as present ST
usage 1o reduce misclassification,
Non-users in this study had never
used any lobacco, ST users had
never smoked. Cigarette smokers
did not use any other tobacco
forms,

Cutcomes clearly defined with ICD
codes,

Maost of CVD risk factors adjusted
for ST-outcome association ex-
cept cholesterol and alcohol use.
Also age and regional ongin
adjusted.

ST was defined clearly (at least once
daily), and dose-response rela-
tion was analysed.

Qutcomes clearly defined (MONICA
protocol).

Blood pressure, choleslerol and
diabetes prevalence were similar
in cases and controls so they
wera not included in the model.

Confounders adjusted for were age
and smoking (by 'excluding’ snufl
users who also smoked). Low
levels of education were also
considered separately as a risk
factor for M,

Age group 35-54

RR of ST use for IMD: RR= 2.0, (85%
Cl 1,48-2.8),

Stroke: RR= 1.0 (85% Cl 0.6-5.7).

All CVD: RR=2.1 (85% CI 1.5-2.9).

All cancer: RR=1,2 (85% CI 0.8~1.9).

All cause RR= 1.8 (85% CI 1.6-2.4),

Age group 55-65 -

Adjusted RR of ST use for IMD:
RR=1,2 (85% Cl 1.0-1.5),

Stroke: RR=1,2 (85% Cl 0.7-1.8).

All CVD: RR=1.1 (058 Cl 1.0-1.4).

All cancer: RR= 1,0 (85% Cl 0,8~
1.3).

All cause RR=1.2 (5% CI 1,0-1.3),

Over all age groups

RR of ST used for all CVD:

RR=1.4 (85% Cl 1.2-1.8).

RR smoking <15 cigarettes par day:
RR=1.8 (95% C| 1.6-2.0).

RR smoking 2 15 cigarettes per day:
RR=1.9 (95% Cl 1.7-2.2).

Age adj. OR of snuff dipping vs. no
tobacco for Ml

35-54 years: OR=0.06 (85% CI
0.56-1.87)

55-64years: OR=1.24 (@5% CI
0.67-2.30)

All ages: OR=0.80 (85% 0.62-1.28)

Snuff dippers had no increased risk of
MI compared to non-tobacco users.

Snuf

< 2 cans weekly OR=0.63 (85% CI
0.41-0.88),

>3 more cans weekly OR=0.83
(85% C1 0.681=1.41).

In a logistic regression model for MI,
with smoking, snuff dipping, low
level of education, and age as
predictors, snuff dipping was not
significant,

25% of the workers did not come for
checkups, the reason is not clear,
Statistical power of the study is high
(in total 8297 users of ST were
followed up and 172 IHD deaths
occurred in this group). Healthy work-
er effect may play a role in ST CVD
mortality association,

When potential confounding due to age,
area ol domicile, BMI, blood pressure,
diabetes and history of heart symp-
toms or blood pressure medication at
the time of entering the study was
analysed according to Mantel-Haen-
zel procedure, the RR of death from
CVD remained essentially unchanged.
‘Reference category is male rever
users of tobacco.

The study was planned within Northern
Sweden MONICA project, Cases
were identified according to MONICA
protocol. Controls were selected from
population and they were only group
matched. Response rale in controls
was B1.6%. A telephone survey was
conducted to check non-participants
smoking habits and they were found
to be similar to participants.

Of the onginal set of case-controls
218% were excluded because of
missing smoking information. This
was common amongs! the fatal case
pairs. To check the validity of ST
information cblained from spouses of
fatal M| cases, spouses ol surviving
cases were interviewed by telephone
2 months later, The agreement was
high for snuff use (98%). Information
on duration of use was not hgh
quality. Median age of starting snuff
was 31.5 years explained by the fact
that many had started snuff in con-
junction with quitting smoking. Proper
statistical analyses were carried out.
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Huhtasaar 1999
[42)

ORAL SNUFF

From same study pop
as Huhtasaari 1692
[a1]

But participants  dit-
fered in pach study

First Ml cases and popula-
tion controls from North-
em  Sweden, 1991~
1983,

6B7 first Ml men Cases and BR7
malched controls from same coun-
Iry. The cases were MONICA Swe-
den project,

58 cases and g0 controls  were
current snuff users and -non current
smokers; 20 cases and 1 1 controls
wera both smokers and snuff users,

11 of the cases ang 13 of the controlg
were former snufl users but non.
smokers,

Detailed information about ST (pre-
sent use, previous use, amount,
type of Preparation, age of onset
and whether or not snuffing was
associated with quitting smoking)
obtained, Median consumplion of
snuff was 2 boxes per week in
both cases and controls,

Outcomes clearly defined (MONICA
protogol)

Confounders adjusted for include
hypertension, low level of educa-
tan, not being married or co-
habitant, diabetes, known high
cholesterol ang heredity.

‘Intermediate’ outcomes (cardiovascular risk factors) cross-sectional studies

Bolinder 1692 [11)

ORAL SNUFF

From same study as
Bolinder 1004 [3@)

Elasgon er al,
1081 [44)
ORAL SNUFF

Copyright © Lippincott

16-65 years old Swedish
construchion workers,
1971-1974,

Male volunteers <31 years,
recruited from University
students and schooltea-
chers,

| )

87 5886 construction workers who had
voluntary health checkups,

5014 of the participants were ST
users who had never been regular
smokerg,

ST users were daily users,

Confuund&ng: persons who had
mixed tobacco habits were e
cluded from the analyses to in-
crease validity, also adjusted for
age.

21 snuff dippers, 18 non-tobacco
users, 21 cigaretle smokers

Snuff use clearly defined (at least
one can 50 g per week),

Measurement of outcomes clearly
described,

No attempt 1o adjust for important
confounders (ses comments).

Wﬂliams]& Wi!kifs. Unaythorim)d renroquction of this ~jticle *
)

OR for different combinations of snuff
user for M|

Current snutf user-non smoker: 0,96
(85% €I 0.65 1o 1,41)

Current smaker, no current snuff use:
3.65 (2.67-4.99)

Current snuff user and smoker; 2.66
(95% CI 1,24 10 5.71)

Former snutf user, never smoked. 1,23
(85% CI 0,54 1o 2,82)

In conditional regression model, reg.
ular use of snuff was adjusted

Adjusted OR of snyff use for all M|
0.58 (85% CI 0.35 1o 0.04), Ag-
justed OR of snuff use for all Mi;
0.58 (85% CI 0,35 10 0.g4).

Adjusted OR of snuff use for fatal MI:
1.50 (85% CI 0.45 to 5.03),

Reason for disability pengion amang
46-55 years old: OR of ST use vs
non-users for CVD diagnosis: 1,6
(95% CI 0.7-3.5) for hypertension:
3.0 (85% ClI 1.9-4.9),

Among 56-65 year olds: OR of ST
use vs non-users for CVD diagng-
sis; 1.5 (85% CI 1,1-1,9),

Age adjusted RR ol ‘frequent sick
leave’ (1 day or more for four times
or more per year) for all kind of
diagnosis was 1.1 (85% Gl 1.0-
1.2) for ST users compared to non-
users. Age adjusted RR 'Longer
sick leave' (30 days in a yoar) was
1.2 (85% CI 1.1-1.2) for ST users
compared 1o hon-users,

Snuff users and cigarette smokgrs had
higher serum insulin lavels, Snuff
users had no significant slevations
of other risk factors such as serum
cholesterol or triglycerides, diastolic
blood pressure (8P), haemoglobin
concentration, white cell count,

-—

T proh*zyd.

Of the onginal get of case-controls
21.8% werg excluded because of
missing smoking information, This
was common amongst the fatal case

+ Bpouses of surviving
cases were interviewed by telophone
2 months later, The agreement wag
high for saulf use (989%). Information
on duration of use was not high
quality. Median age of starting snyff
was 31.5 years explained by the fact
that many had started snuff in con-
|unction with quitting smoking, Propar
statistical analyses were carrind out,

The aim of the study was to evaluate ST
effect on bloog Pressure and other
health hazards, In thig cross-sectional
study, refarence group was those who
had never used any tobacco form, The
oulcomes were questionnaire re-
ported symptoms, physical examina-
tion and disability persion due to
cardiovascular and musculoskeletal
diagnoses,

Healthy worker effoct highly possible,

Sample size is very small. Considerable
Itestyle differences exist between
cigarette smokers and non-tobacco
users e.g., physical activity levels low-
or, higher alcohol and coffes con-
Sumplion among tobacco users then
non-users (rsk profile warst for smo-
kers, intermediate for snuff dippars,
best for non-lobacco users). Also
substantial social class differences -
non-tobacco users and snyufl dippers
ware male volunteers, of similar social
class, but 35% of smokers were blue-
collar workers,
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Table 1

(Continued)

Study and type
of 51

Subjects, setting and years

of recruitment

Sample size and number o! ST users

Measurement of exposure,
oulcomes and confounders

Findings or results

Comments

Ehassan ef al,
1995 [45]

SNUFF DIPPING
IMOIST ORAL
SNUFF)

Swgel e al, 1882
(48]

ORAL SNUFF AND
CHEWING
TOBACCO

Tucker, 1988 [B]
ST USE [NOT
DEFINED)

Khurana ef al,
2000 [47]

CHEWING
TOBACCO (NOT
DEFINED)

Part of MONICA project -

population sample of men
aged 25-64 in Northern
Sweden, 1860,

1061 members of seven

major  league baseball
teams and ther asso-
cated minor  league
teams, Phoenix and Tuc-
son Anzona, spring 1988

Adult males who were em-

ployees of over 25 com-
panies parhicipating n 8
Health Examination Pro-
gramme,

Time perod of study not

stated.

Patients attending ‘medical

outdoor, SMS Medical
College and Hospital, Jai-
pur, India, and volunteers
from society. Patients with
diabetes, hypertension,
renal disease, hepatic
impairment, endocrine dis-
orders, alcoholics, meno-
pausal women, and those
on certain medications all
excluded. No other details
grven.

604 men, of whom 02 dipped snuM
regularly.

1061, of whom 473 were ST usars,

2840, of whom 83 were ST users.,

30 current smokers, 30 current tobac-
co chewers (both of >10 years
duration), 30 non-smokers and non-
chewers,

ST measurements clearly defined,
snufl dippers did not use other
tobacco products,

Blood analyses clearly described,
with overnight fasting and glucose
tolerance tesl. Also anthropome-
try (BMI, WHR) & BP.

Multiple regressions: predictors in-
cluded age, BMI, WHR, height,

I, HDL cholesterol, tri-

glycerides, and blood pressure.

ST use included type, brand, and
quantity (number of cans of snuff
or pouches of chewing tobacco
reportedly used per week), Self-
reported use biochemically validated

Heart rate and pulse measured
twice, sitting. Blood samples ta-
ken.

Confounding: n=41 cigarette smo-
kers ware excluded, Other covari-
ates adjusted by multiple logistic
regression (age, race, alcohol
consumption, sarum calfeine).

hanlaat

ST measurements not described, no
dose-response information.

Pnysical measurements  include
body fat (skin-fold callipers), phy-
sical fitness (step test), blood
samples (cholesterol),

M-H adjustments for age, educa-
tional level, physical fitness and
smoking.

Methods of measuring lipid profiles
clearly described. No details of
types of tocbacco chewers. No
information on confounding -
states no significant difference in
mean age between groups, that
participants ale ‘average India
diet, and had body weight ‘in
normal range’,

There were no differences in plasma
fibrinogen, fibrinalytic variables (1PA
activity, PAl-1 activity), or glucose
intolerance among snuff dippers
compared with non-tobacco users,
Men who smoked cigarettes had
higher fibrinogen levels than non-
tobacco users, ahd evidence of a
dose-response relationship was
found.

No significant differences between ST
users and non-users in systolic or
diastolic BP, pulse, total_or LDL
cholesterol. No dose-response re-
lationships were found (e.g., with
years of use, or hours of use per
day, but data not shown),

ST users had lower mean white cell
counts than non-users,

The adjusted RR of hypercholestero-
laemia (defined as total cholesterol
>6.2mmol/) was 2.51 (85% CI
1.47-2.29 for ST use).

This compared with RR of 1,51 (85%
Cl 1.14-2,0) for smoking 1-20
cigarettes daily, and 1,08 (85% ClI
1,28-3.03) for smoking > 20 cigar-
ettes daily.

Current smokers had significantly lower
HOL (high density ipoprotein) than
non-smokers, and significantly higher
VLDL (very low density lipoprotein)
and TG (triglycerides). TC (total
cholesterol) and LDL (low density
lipoprotein) were both also higher
among smokers, but the difference
was not statistically significant,

Tobacco chewers also had signifi-
cantly lower HDL, and significantly
higher VLDL and TG.

For example, HDL was 30B0£5.62 in
smokers, 3755 £ 5.81 in chewers, and
44,38 1 3.86 in non-lobacco users.

Similady, TG was 15444+43.98 in
smokers, 160.33 £ 47.76 in chewers,
96.49 + 25,78 in non-lobacco users.

There were no statistically significant
differences between smokers and
tobacco chewers,

Snuff use clearly defined, but Imited to
males only (oo few female snuff
users), Reasonable panicipation rate
(79.2%),

Smokers were slightly older and had a
longer duration of tobacco use than
snuff dippers.

Potentially important confounders, such
as socig-economic status, educational
level, and physical activity were not
considered.

The aim of the study was to evaluate ST
effect on blood pressure and other
rek lactors.

Study limited to young, fit, males (77%
aged between 20 and 29). Predomi-
nantly white and well educated.

ST use not defined or described, ST
users were younger and less edu-
cated than non-tobacco users, Lim-
ited to males only.

1]

Sample size small (30 in each of three
groups), unclear precisely how pa-
tients and volunteers were selected.
Very little information provided on
these participanis (no information on
sex, very lmited information on age.
and other potential confounders). Va-
lidity of results is therefore question-
able,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Bolinder et a/,
1007 (48] years,
SNUFF USE

Bolinder et al,
1807 [51)
ORAL SNUFF

Schronder and Chen, Volunteers, not specified,

1985 [52)
TYPES OF ST NOT
DESCRIBED

Wostman and
Guthnin, 18080 [53)

CHEWING LEAF
TOBACCO AND
SNUFF

Copyright © Lippincott Williams & Wilkins. Una

) ) )

Male fremen aged 35-80

Male firemen aged 35-60,
Stockhalm City,

Men attending rural county
fairs in Kentucky, US.

143, of whom 28 were long-term ST ST user clearly defined (daily use for
users, 40 never-ysers of tobaccao, mare than § months),
and 28 smokers, Outcome: ultrasonographic  exami-
nation of carotid artery clearly
described and carried out blind
to tobacco use status, Annual
compulsory fitness test, BP, blood
analyses,
Confounders considered included
biochemical rigk factors, age,
BMI, blood pressure,

144, of whom 50 were ST users, 68 ST yge clearly defined, as above,
non-lobacco users, and 33 smo-  Graded exercise test on a bi
kers, ergometer, until exhaustion, Con-

tinuous recording of HR, ECG
respiratory rate, O, uptake and
CO; production, and respiratory
rates. Fasting blood sample,

Test results adjusted for differences
'n age, BMI, WHR, alcohol, phy-
sical training, occupational physi-
cal activity,

1663 volunteers over 18, 710 males,  Not described
923 females,

60 males were ST users, but blood
pressure reported for only 18 males
aged 18-25,

32 leaf tobacco users (25 light users, Exposure measured by question-
less than 1 pouch/day, seven heavy naire and clearly described, Out-
users), 15 snufl users, 27 non-ST Come measurements not des-
users, cribed. Confounders not men.

tioned,

) ) ] )

Snuff users did not differ significantly
from those who had heyer used
tobacco, in terms of intima medial
wall measurements or lumen dia-
meters of common carotid or bulb
area,

Significant increases in wall thickness
were found for smokers,

Plagues were found in two ST users
and no never-users, but this differ-
ence was not significant,

No significant ditferences in maximal
work or oxygen uptake for ST users
compared with non-tobacco users,
Smokers performed llgnil'iclnﬂy
worse in terms of maximal work-
loads and oxygen uptake.

For example VO, marx (mUmin/kg)
for non-users was 3.51 2051,
3481040 for ST users, and
2.8810.48 for cigaretts smokers,

No dose-response mlll-'onanpl ob-
served with quantity of tobacco
used for ST users, but in smokers
A statistically significant negative
correlation betwesn maximal work-
load and number of cigarettes
smoked per day was cbserved,

Mean BP of 18 current male ST usars
was 143.7/80.7 mmHg, 23 male
cigarette smokers 122.%
70.0 mmHg, non-users of tobacco
131.6/72.8 mmHg,

This was statistically significant for

fobacco users combined versus
non-users (7.9 mmHg, P<0.01),
but no significance test was carned
out for ST users versus nan-tobacco
users,

Mean systolic BP of heavy tobacco
chewers was 15.1 mmHg higher
than that of non-users (P= 0.007).
Systolic BP: 130.3 + 25,1 imheavy
users, 122.8210.9 in light users,
124.2£135 in non-users and
1251 0.8 in snuff users,

Diastolic BP: 31.3%16.9 in heavy
users, 78.3%0.0 in light users,
740£13.6 in  non-users and
74.316.8 in snuff users.

Plasma renin concentrations, and ex-
cretion of sodium and potassium
tended to be higher in heavy users.

Small sample size-biochemical risk fac:
108 (serum cholesterol, LDL choles-
terol, triglycerides, fibrinogen) all
tended to be slightly higher (ang
HDL cholesterol Iowar) amang ST
users compared with never-users,
but differences not statistically signiti-
cant.

Study population may overlap with the
study above, Bolinder el al, 1007
[S6]. "Healthy worker' effact is possi-
ble: it may be harder 1o investigate
potentially deleterious effects of ST
use among healthy and physically fit
males,

Letter only-very limited details, Unclear
why analyses Imited 1o thoge aged
18-25, which much reduces the
sample size available,

Letter only, ST use clearly described but
few other details. Most notably selec-
tion is not described; heavy tobacco
chdwers waere substantially older
than non-chewers (37.3%14.9 vs,
275189 for non-users, 30.310.9
for light users, and 26,1 $0.32 for
snuff users), It is also unclear whether
non-ST users used other forms of
tobacco, Clearly, apart from age, other
lifestyle differences between the
groups could account for the differ-
enhces in blood pressure,

' i his article is prohihited.
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Table 1 (Continued)

Study and type Subjects. setting and years Sample sze and number of ST users

of ST of recrutment

Measurement of exposure,
outcomes and confounders

Findings or results

Comments

Stegmayr ef al, Parnt of MONICA project,
1095 [54) Northern Sweden, 1980,
ORAL SNUFF Men aged 40-49.

17 snuft dippers, 26 cigarette smo-
kers, 54 non-tobacco users,

Parsson el al, 2000 Stockholm=men born dur- 3162 men
(55 ing 1938-1057 (aged 376 former snuff users, 492 current
ORAL SNUFF 35-56 years), 50% had users
strong family Mstory of
diabetes.

Snufl use clearly defined, Measure-
ments of outcames described in
detail. Men with ‘'mixed' tobacco
habits were excluded, but no
other attempts to adjust for con-
founders.

Snuff use clearly defined and some
attempt to measure quantity used
per week. Outcome-glucose in-
tolerance and type Il dabetes
clearly defined. Confounders con-
sidered include age, alcohol con-
sumption, BMI, family history of
diabetes, physical activity, cigar-
atte smoking.

Levels of plasma vitamins were similar
in snufl-dippers and non-lobacco
users,

Regular smokers had significantly
lower plasma levels of ascorbate
(P<0.001), lipid-standardized a-to-
copherol (P=0.032), =x-carotene
(P<0D,001) and ascorbate, lipid-
standardized a-tocopherol, a-caro-
tene and f-carotene than non-to-
bacco wusers eg. [-carotene
0.37 umol/l (85% CI 0.32-0.42) in
non-tobacco users, 0,31 (85% CI
0.22-0.40) in snuff users, and 0,26
(85% CI 0,2-0.32) in srmokers,

No statistically significantly raised OR
for glucose intolerance associated
with oral snuff use qr cigarette
smoking.

The OR of type Il diabetes was raised,
but no! statistically significant for
both current cigarette smokers and
current snuff users (OR=1.5, 85%
C! 0.8-3.0 for current snuff users,
OR=13, 095% C| 08-2.7 for
current smokers).

However, statistically significant OR
were found among those who con-
sumed the mos! cigarettes or snufl,

[OR=2.7, 85% CI 1.3-55 for snufl
usars consuming three or more
bores per week, OR=2.6 85% CI
1.1=5.8 for smokers consuming 25
or more cigarettes per day).

Small sample size, limited to males only.
Response rates reasonable (77.3%),
Intake of fruit and vegetables tended
to be lower for smokers than for snuff
users and non-lobacco users.

Well-designed cross-sectional  study
with large sample size, Most important
svconfounders were considered. Expo-
sure and oulcomes clearly described.
Representativeness of sample may be
an issue;, 78% responded to mitial
‘screening’ questionnaire, but then a
further 27.4% were excluded due to
incomplete answers, and only 70% of
those selected to take part agreed to
do so,

ST, smokeless tobacco; RR, relatve risk; Cl, confidence interval, IHD, ischaemic heart disease; BMI, body mass index; CVD, cardiovascular disease; M|, myocardial infarction; BP, blood pressure; WHR, waist-to-hip ratio; HDL,

high-density lipoprotein; LDL, low-density lipoprotein; HR, heart rate; ECG, electrocardiogram; M=H, Mantel-Haenzel, tPA, tissue plasminogen activator; PAl, plasminogen activator inhibitor.

-
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Table 2 Cardiovascular disease (CVD) deaths attributed to
smokeless tobaom(snuseandmkhg in men aged 35 and
over, in Sweden 1999

—-———________———————_____________

Cardi ilar d Number of CVD death

mortaity PAR % (95% CI)  attributed (958 Ci)
Smokeless tobacco use 7% (4-119) 1597 (829-2309)
Smoking
<15 cigarettes a day 7% (6-9%%) 1597 (1220-1960)
>15 cigarettes a day B% (7-119¢) 1780 (1410-2309)
Total cigarette smoking 15% (13-209%) 3376 (2630-4269)
Approxi ly 21 555 death lrumCVDmngmmraanSwedmhl_QQQ
{40]. E d Swedish p '.eol'STmmddgarmemolangbmm

Mnmﬁo}.hpprmmrzly!\aNdnmmiglnm{{lSagamte
per day, and half heavy smok = 15 cgarettes per day) [Syiwan Lisen
Swedish Cancer Society, 2003. (Personal ication)]. PAR, population
attnbutable nsks; Cl, confidence interval

/ i

shown between snuff use and MI. In a logistic regression
model for M1 (including smoking, low levels of education,
and age), snuff use was nort a significant risk factor for M.
Blood pressure, cholesterol, and diabetes prevalence were
similar in cases and controls so not included in the
multivariate model.

In the second paper by Huhtasaari e o/ [42], (Table 1)
more  detailed information about ST (present use,
previous use, amount, type of preparation, age of onset
and whether or not snuffing was associated with quitting
smoking) was obrtained from M| patients, or if cases had
died, from next of kin. Median consumption of snuff was
two boxes per week in both cases and controls. Median
age of starting snuff use was 31.5 years, which may be
explained by the fact thar many had started snuff in
conjunction with quitting smoking. Regular use of snuff
was adjusted to control for confounding by hypertension,
low levels of education, nor being married or cohabiting,
diabetes, known high cholesterol and heredity in condi-
tional logistic regression. Odds ratios (OR) for all and
fatal MI remained statistically insignificant after this
adjustment.

Explanations for the differences between the prospec-
tive cohort and case-control studies

It is difficult to assess why these studies should have
obtained such discrepant results. Bolinder's study [39)
was carricd out 10 years carlier, and it is possible that
types of snuff in use may have changed during this time
penod [20]). All three studies have some non-response
bias—in Bolinder's around 25% of employces did not
attend the baseline assessment, and in Huhtassari's
around 20% of the case-series did not take part.
Bolinder’s study is prospecuve, large, and well designed,
and its 40% excess mortality nisk should not be dismissed.
Misclassification of tobacco users is possible, as smoking
was not re-measured after baseline in this survey.
However, at a population level a higher proportion of
cigarette smokers have quit to use snuff than vice versa
[43]. This could result in an underestimate of the risk
associated with cigarette use, making 1t appear more

Is smokeless tobacco a risk factor for CHD Critchley and Unal 109

similar to that of snuff use, but should not greatly affect
the risk associated with snuff use. Adjustment for
confounders in each study might have played a role.
Unlike Bolinder’s cohort, Huhtasaari’s studies [41,42]
adjusted for low levels of education and marital sratus
along with other factors. However, this is not likely to
explain all the association as the cohort was relatively
uniform socio-economically {construction workers), and
Swedish surveys during the 1980s show little differences
in snus use by socio-cconomic status [40]. Huhtasaari's
studies are well designed, but are not prospective, and
may dilute risk estimates slightly because of inclusion of
occasional and former smokers in the reference group, or
recall biascs. '

Studies considering ‘intermediate outcomes’ (CHD risk
factors)

Studies of multiple risk factors

A number of cross-sectional studies have evaluated the
relationship between STuse and CVD nisk factors. These
studies can be hard to interpret, as the time relationship
between ST use and CHD risk factors is uncertain
(previous exposure to ST use may be more relevant than
exposure at the ume of the study).

Bolinder’s large study of mortality among construction
workers also considered receipt of disability pensions, and
Symptoms among exclusive snuff users compared with
non-tobacco users ar baseline [11]. Among 46-55 year
olds, snuff users were more likely to have 2 CHD
diagnosis or hypertension (OR = 1.6, 95% C] 0.7-3.5 and
OR 3.0, 95% CI 1.9-4.9, respectively).

One Swedish study reassuringly found little evidence of
increased risk factors among young male ST users, except
for elevated serum insulin and higher fibrinogen levels
[44]. However, this study was very small (n = 60), used
‘convenience’ volunteer samples, and was limited to
young men under the age of 30. Evidence was found of
differences in other CHD risk factors (such as increases
in alcohol and coffee consumption and lower exercise
levels compared with non-tobacco users), and there were
differences in  educational levels berween cigarerre
smokers, snus users, and non-tobacco users. As no
multivariate analyses were performed, it is difficulr to
attribute any differences observed to snuff use or other
lifestyle factors. It is also possible that further changes in
risk factors may occur with longer-term snuff use among
older men.

A further North Swedish study, (part of MONICA) found
no associations between ST use, Plasma fibrinogen, serum
insulin and fibrinolytic variables [45], despite high plasma
nicotine, and higher plasma cotinine levels among snuff
uscrs compared with cigaretie smokers. Cigarerte smo-
kers, however, had significantly raised plasma fibrinogen.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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These findings were supported by a further large cross-
sectional study (7 = 1061) of young male baseball players
in the USA [46]. All parucipants were well educated and
there were no significant differences berween users and
non-users. After adjustments, no associations were found
between ST use with systolic or diastolic blood pressure,
pulse, and rtotal or high-density lipoprotein cholesterol.
Again, these are relatively young men, and also light,
often seasonal users of ST [46]. Whether risk factor
profiles would be altered among older men or women,-
with higher use remains unexplored.

Hypercholesterolaemia

Two studiés considered the relationship between ST use /
and cholesterol levels. One large cross-sectional study
(n = 2840) from the USA found a 2.5-fold increased risk
of hypercholesterolacmia among ST users compared with
non-tobacco users (RR =251, 95% CI 1.47-4.29) [8].
The risk among cigarette smokers was also raised,
(RR = 1.51, 95% CI 1.14-2.0). Possible confounding with
dictary factors, however, was not considered. Smokeless
tobacco use was more common in younger and less
educated subjects. The types of ST used were not stated
or described.

One further small study from Jaipur, India, compared
lipid levels among 30 smokers, tobacco chewers, and non-
tobacco users [47]. It is not very clear how the
participants were sclected, and the type of tobacco used
is not stated. It is also unlikely that major confounders
(such as diet) were considered; the sex distribution of the
participants is not even given. However, statistically
significantly higher levels of low-density lipoprotein
cholesterol, very low-density lipoprotein cholesterol, and
triglycerides, and lower levels of high-density lipoprotein
cholesterol were found among both the smokers and
chewers compared with non-smokers. No statistically
significant differences were found berween the smokers
and chewers.

Atherosclerosis and other risk factors

One Swedish study of caroud artery ultrasonography
among 143 middle-aged firemen found no evidence of
increased wall thickness of the artery or carotid bulb
among ST users (significant increases among cigarette
smokers were observed) [48]. No statsucally significant
increases were found in atherosclerotic plaques, or other
cardiovascular risk factors (lipid fractions, blood pressure)
among ST users though these tended to be shightly higher
than among those who had never used tobacco. Exposure
to nicotine, however, was 37% higher among the ST users
than cigarette smokers.

Physical capacity
Low levels of fitness are independently predicuve
of cardiovascular mortality [49,50]. A further study of

physical performance from the same population of
firemen [48,52] found that long-term use of ST did not
significantly influence exercise capacity (no significant
differences in maximal work performed or oxvgen uptake
between snuff dippers and non-tobacco users, cigarette
smokers however, performed significantly worse) [52].

Hypertension

A number of studies have considered zhe effects of STuse
on blood pressure, although the majority of these have
considered the ‘acute’ effects rather than possible chronic
influences. Bolinder’s study (described above) found
associations between ST use and bloogl pressure [11].Ina
cross-sectional study from the 1980s, Schroeder and Chen
[52] found a relationship between ST use and higher
blood pressure among 710 young men volunteers aged
18-25. The mean blood pressure of 19 ST users was
143.7/80.7 mmHg compared with 131.6/72.8 among non-
tobacco users. This report was in the form of a letter, and
no other derails of the participants, selection, and
possible confounding factors were provided.

A further cross-sectional study of ST use and hyperten-
sion in the USA reported that mean systolic blood
pressure was significantly higher among ‘heavy’ tobacco
chewers compared with non-tobacco users (139.3 + 25.1
versus 124.2 + 13.5). Diastolic blood pressure was also
slightly but not significantly raised [53]. Snuff use was
not associated with higher blood pressure. The authors
attribute this to the high liquorice content of chewing
tobacco, but not of snuff. However, the study was
reported as a letrer, sample size was small, and selection
unclear, and other potental lifestyle factors (such as
physical actuivity or BMI) were not controlled for. Indeed,
‘heavy tobacco chewers” were 10 years older than non-
chewers, and this alone could account for much of the
increase i blood pressure (snuff users were slightly
younger than non-tobacco users).

Anti-oxidant nutrients

A further study from the MONICA project in Northern
Sweden considered the effects of ST use on plasma levels
of anti-oxidant vitamins in a small sample of 4049 year
old males (ascorbate, tocopherols, carotenoids) [54].
Regular smokers had significantly lower levels of ascor-
bate, lipid-standardized a-tocopherol, o-carotene and [3-
carotene than non-tobacco users. Levels among snuff
users were generally similar to non-tobacco users, except
that shghtly lower a- and B-carotene were observed.
However, consumprtion of fruir and vegetables tended 1o
be lower for smokers than the other two groups, though
these differences were not stanstically significant. The
authors suggest that high turnover of these vitamins 1n
cigarette smokers may therefore be caused by compo-
nents of tobacco smoke other than nicotine, though the
sample size is small (# = 97).
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Glucose intolerance and diabetes

One Swedish study has examined the relationship
between use of oral moist snuff, cigaretre smoking, and
glucose intolerance in men [55]. This was a large, well-
designed cross-sectional study. A raised but not statisti-
cally significant relationship between both current snuff
usc and cigarette smoking was found with type 11
diabetes (OR 1.5, 95% CI 0.8-3.0 for current snuff use,
OR = 1.3, 95% ClI 0.6-2.7 for current cigarctte smoking),
but not with glucose intolerance or insulin resistance. A
dose—response relationship was also found: both snuff
users and cigarette smokers consuming the most tobacco
had the highest odds ratio for diabetes (OR = 2.7, 95% C1
1.3-5.5 for snuff users cdnsuming three or more boxes per
week, OR = 2.6, 95% CI 1.1-5.8 for smoking 25 or more
cigarettes per day).

Discussion

Numerous studies have explored the possible influence
of ST use on cancers, especially oral cancers. Most of
these cancers are relatively rare. For example, in the UK
the incidence of oral cancers (1ICD 9, 140-149) was 9.3
per 100000 in men, 5.0 in women in 1994 [22].
Conversely, estimates of the MI (ICD 9, 410-414)
incidence in men are 100-fold greater, at 950 per
100000 in the UK [56]. Estimates for women vary from
94-265 per 100 000. Studies investigating oral and other
cancer outcomes must have had sufficient power to
report on much more common cardiovascular outcomes;
however, these results are generally not reported in the
published literature. The potential cardiovascular cffects
of ST use have thus been largely overiooked.

The evidence for an effect of cigarette smoking on CVD
risk is clear-cut, but an area of contention is how exactly
these effects are mediated. Most studies have found very
low cardiovascular risks associated with medicinal nico-
tine products (nicotine replacement therapies such as
patches and gum) [57-59]. In conjunction with several
studies showing little increased CVD risk factors or risk of
CHD associated with ST, this suggests that nicotinc per s
may not be a major factor promoting atherosclerosis or
thrombolysis, and other components of smoked tobacco
may be responsible [45].

One well-designed and very large prospective cohort
study found an increased risk of CHD deaths in Sweden
139]. Based on this study, it scems possible that there is a
modest risk of cardiovascular discase associated with snus
usc in Sweden. Calculation of PARs for snus use and
cigarctte smoking from the estimates of RR in this study,
and csumates of prevalence of cigaretie smoking and
Snus usc among men in Sweden, suggest that roughly half
the number of CHD deaths could be attributed to snus
use compared with cigarerte smoking. Several other,
smaller, cross-sectional studices have suggested possible

Is smokeless tobacco a risk factor for CHD Critchley and Unal 111

increased risks [8,55]. Many of the studies reviewed are
relatively poor in determining causality; they are cross-
sectional in design, sometimes small, use convenience
samples and do not necessarily adjust for important
confounders. In particular, SOCiO-cCconomic status is not
always measured and controlled for [44,47,52,53). Most of
the studies come from Sweden, and it cannot be assumed
that the results would be generalizable to the types of ST
used elsewhere. Most ST products are probably con-
sid€rably lower risk than cigarerte smoking (taking all the
potential health effects, particularly cancers, into ac-
count). Switching to ST may reduce risks of major death
and illness for some nicotine-addicted cigarette smokers.
However, any ‘tobacco harm reduction’ strategy will need
to acknowledge the lack of evidence and uncertainties
(particularly for cardiovascular discase) and determine
how best to communicate these reservations to the
general public [60].

As with any review, it is possible that some published or
unpublished studies may have been overlooked. Studies
considering acute effects of cardiovascular disease were
also excluded. However, the search Strategy was compre-
hensive, mvolving extensive database scarching carried
out by two researchers independently, as well as contact
with a number of experts in the field. It is therefore
unlikely that important studies have been missed. Further,
large, well-designed epidemiological studies of ST use and
cardiovascular diseases and mortality are required in a
vaniety of regions to clarify the potential risks.
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and stroke: systematic review with meta-analysis -
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ABSTRACT

Objective To assess whether people who use smokeless
tobacco products are at increased risk of myocardial
infarction and stroke.

Design Meta-analysis of observational studies from
Sweden and the United States.

Data sources tlectronic databases and reference lists
Data extraction Quantitative estimates of the association
between use of smokeless tobacco products and risk of
myocardial infarction and stroke among never smokers.
Review methods Both authors independently abstracted
risk estimates and Study characteristics. Summary
relative risks were estimated on the basis of random
effects models.

Results 11 studies, mainly in men, were included. Eight
risk estimates were available for fatal myocardial
infarction: the relative risk for ever use of smaokeless
tobacco products was 1.13 (95% confidence 1.06 to
1.21) and the excess risk was restricted to current users.
The relative risk of fatal stroke, on the basis of five risk
estimates, was 1.40(1.28to 1.54). The studies from both
the United States and Sweden showed an increased risk
of death from myocardial infarction and stroke. The
inclusion of non-fatal myocardial infarction and non-fatal
stroke lowered the summary risk estimates. Data on dose-
fesponse were limited but did not suggest a strong
relation between risk of dying from either disease and
frequency or duration of use of smokeless tobacco
products.

Conclusion An association was detected between use of
smokeless tobacco products and risk of fatal myocardial
infarction and stroke, which does not seem o be
explained by chance.

INTRODUCTION

Oral and nasal smokeless tobac co products have been
used in many countries for centuries. I)un’ng most of
the 20th century, use of these products declined in Fur-
ope and North America, but a reverse trend in preva-
lence of use has been reported in the past few decades.
particularly among people vounger than 40! These
products have been proposed as an alternative to cigar

ettes and other smoking products under the claim of a
smaller, or neghgible, risk 10 health.* Smokeless
tobacco is a recognised carc inogen in humans'; other
: an ancreased risk of

2S 1

potenual health effects include

l i

myocardial infarction, stroke, and adverse reproduc-

sk of myocardial infarction,_

. tis ) o ] T
bve oulcome. elermining the role of smokeless

tobacco in cardiovascular diseases is Important, given
the high incidence and mortality from these diseases

We systematically reviewed studies that analysed

the risk of myocardial infarction and stroke among
users of smokeless tobacco products, with the aim of
updating and expanding a previous review and meta-
analysis on this topic.’ Smokeless tobacco products
consumed in Asia are different f; rom those consumed
in Europe and North America. Weaimed to determine
whether users of smokeless tobacco products in Swe-
den and North America are at an increased risk of
death from myocardial infarction and from stroke
compared with non-users

METHODS

The MOOSE guidelines for meta-analysis of observa
tional studies in epidemiology were followed © We
selected studies that provided a quantitative estimate
of the association between ever use of smokeless
tobacco productsand occurrence {incidence or mortal-
ity) of myocardial infarction or stroke among nevey
smokers. We carried out a search in PubMed using
the terms ((“cardiovascular diseases"[MeSH Terms|
OR {“cardiovascular”[All Fields] AND “diseases”|All
Fields]) OR “cardiovascular diseases”[All Fields])) OR
{“cerebrovascular disorders”[MeSH Terms] OR
.’“wrebmva.scular"[!\ll Fields] AND “disorders”|All
Fields|) OR “cerebrovascular disorders™[All Fields)
OR MORTALITY OR DEATH")) AND {{{{{(snus))
OR ({snuff]}) OR ((tobacco, smokeless[mesh]))) OR
{{“smokeless tobacco”))) OR ((“spit tobacco”™ OR
“chewing tobacco™)) AND {(cohort studies|mesh|
OR case control studies[mesh]j OR {cohort[TI] AND
stud*[TI]) OR {case*[TI] AND control*[T1] OR pro-
spective study!), which identified 118 potentially rele
vani references. We completed it with a second search
in ISI Web of Science 1945-2009 {updated 15 January
2009} using the terms ((Snus OR snuff OR OR “spir*
tobacco™ OR *“smokeless tobacco™ OR “tobacco
SAME  smokeless” OR hewing tobacco™ OR
“tobacco SAME chewing”) AND cardiovascular OR
cerebrovascular OR “heart” OR “"myocardial infare
tion™ OR mortality OR death* OR ischaemic OR
ischemic OR stroke OR coranary; AND (Cohart®
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OR Case* OR control* OR prospective}}, which
resulted in an additional 75 references. After excluding
irrelevant studies™'™'"* we checked the reference lists
of relevant studies and identified one additional pub-
lication.”'™ After further exclusion of studies done in
Asia~"”"=!*! (including one study carried out in 52
countries, predominantly Asian™'*"), reports in subse-
quent publications,™'™ =" =% 314 studies not report-
ng separate risk estimates for myocardial infarction
and stroke,™'* 10 publications were included for meta-
analysis.” '

Data extraction and quality assessment

Both authgrsindependently abstracted the estimates of
nisk of cardiovascular diseases, ischaemic heart disease
or myocardial infarction, and cerebrovascular disease
or stroke (including separate estimates for the fatal
forms of the diseases, if available) and the characteris-
tics of the study. The abstracted data were compared
and any inconsistencies resolved. When possible, risk
estimates for current and former use of smokeless
tobacco were abstracted separately.

If several risk estimates were available from one
study (for example, separate results for men and
women or for current and former use), we combined
them by carrying out a meta-analysis based on a fixed
effect model.

Data synthesis and analysis

We carried out a meta-analysis of the study specific
results based on a random effects model.”” We used
the statistical package STATA to test for heterogeneity
and to calculate summary relative risks and 95% con-
fidence ntervals." Begg's test was used to determine
the presence of publication bias.'?

We classified studies on the basis of outcome {myo-
cardial infarction, stroke), country (United States, Swe-
den), smudy design (cohort, ncluding nested case-
control, other case-control}, and adjustment for poten-
tial confounders, in additon to age and sex. We
repeated the meta-analysis after stratification by coun-
try (United States, Sweden). As is usual in main ana-
lvses of epidemiological studies,” we combined the
results of cohort and case-control studies. The possible
influence of study design was assessed by repeating the
main analysis with cohort studies only. Three case-con-
trol studies were available: all were from Sweden and
reported only results on myocardial infarctnion. To dis-
entangle the effect of country from that of study design
we carried out a further meta-analysis of myocardial
infarction restricted to cohort studies from Sweden.

Calculation of attributable fraction

The atributable fraction is a measure of the burden of
smokeless tobacco use on cardiovascular diseases. 1t
can be esumated on the basis of the relative risk from
use of smokeless tobacco and the proporuon of the
exposed populauon: proporton of exposed popula-
ton*(relauve nsk-1; divided by [proporuon  of

exposed population» (relatve nsk—1j]+ 1.

Bs3

We used the country specific relative risk of fatal
myocardial infarction and fatal stroke derived from
the present meta-analysis, and data on proportion of
smokeless tobacco users from surveys in the United
States® and Sweden “

RESULTS

Eleven studies reported in 10 publications were
included in the meta-analysis (fig 1 and table 1).7%
Eight studies were from Sweden and three from the
United States. Eight studies used a prospective cohort
design {in two, only results based on nested case-con-
trol analyses were reported) and three used a popula-
tion; based case-control design. Nine studies were
restricted to never tobacco smokers, whereas two also
included former smokers. ”* Fixed effect meta-analvses
of straufied results were done for four studies to obtain
a summary relative risk.” "' 4 '*

The nine independent risk estimates for myocardial
infarction (table 1) resulted in a sunimary relative risk
for ever use of smokeless tobacco products of 0.99
(95% confidence interval 0.89 to 1.10), with evidence
of heterogeneity between studies (table 2; test for pub-
lication bias P=0.2}. No evidence of an increased risk
was present among current users (seven risk estimates,
with heterogeneity) or former users (four risk esti-
mates; table 2). Restricting the meta-analysis to cohort
studies gave a summary relauve risk of 1.04 (0.95 (o
L.14, six nisk estimates). As all studies but one were in
men, the analyses stratified by sex were not informa-
tive.

No heterogeneity was found among the studies
reporting fatal myocardial infarction, resulting in a
summary relative nsk for ever use of 1.13 (1.06 10
121}, based on eight risk estimates (table 2, fig 2: test
for publication bias P=0 4. The increase was present
for current use of smokeless tobacco products but not

b SR RS
and IS] Web of Science searches (a=193)-

A

| Fris———

: 'Téx‘?fgiﬂgh'&"ﬁhn_fﬁ'péinialaggai'dﬁ clifical Hudies (n-

| Exclusion of repoﬂ;m,clpd

__sihseaieot publatons (v )7 i

4 Exclusion of studies not reporting separate risk
- estimates for myocardial infarction of stroke (n=1)*1%

s+ Publications included in meta-analysis (n=10)
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Fig 1| Strategy for selection of studies in meta-analysis

BAY | ONLINE FIRST | bmy com



Table 1|Epidemiological studies on use of smokeless tobacco and risk of cardiovascular disease included in meta-analysis
; § SRR PO - g = x
e e
S up . Outcome i Comments
—
Hubtasaarietal Sweden, men, 1989 Myocardial infarction 177 Inciuding former
19927 91, NR based case 3 smokers; limited overlap
control with Wennberg et al
2007'*
Huhtasaanetal Sweden, men, 1991-3, Population Age, region of Snuff Fatal myocardial NA/NA 0.58 (0.35 to 0.94), Including former -
1999° NR based case-  residence, “various infarction 1.50 (0.45 10 5.03) smokers; limited overlap
. control cardiovasc ular risk s with Hergens et al 20052
factors® - and Wennberg el ai
2007
Accent et al United States, both Cohort Age, sex, Smokeless  Fatal myocardial NA/NA 10{(0.7t01.6)*. 08 Proxy interviews for
2002" sexes, 1971-5, 1971- socioeconomi status, tobacco infarction, fatal stroke (0.6101.8)* many; meta-analysis of
92 alcohol consdmption, I results reported in paper
i physical actwvity, fruit {sex)
and vegetable intake, =
blood pressure,
cholesterol, body mass
index
Asplundetal  Sweden, men,1985-6, Case-control Age, region of Snuff Stroke NA 1.05 (0.37 to 2.94)
2003 1985-2000 analysis residence, education, —
nested in blood pressure,
cohort study  diabetes, cholesterol,
marital status
Henley et al United States, men, Cohon Age, race, education, Spit Fatal myocardial 799/460 1.12(1.03101.21),
2005"! 1959, 1959-71 alcohol consumption,  tobacco infarction, fatal stroke 1.46(1.31to 1.64) |
physical activity,
aspirin intake, body
mass index, fruit and
vegetable intake
- —
Henley et al United States, men, Cohort Age, race, education,  Spit Fatal myocardial 216/100 1.11 (0.97 1o 1.28)*, Meta-analysis of results
2005"! 1982.1982-8 alcohol consumption,  tobacco infarction, fatal stroke 1.34 (1.0910 1.65)* reparted in paper (current
physical actity, or farmer use)
aspirin intake, body
mass index, fruit and —
vegetable intake,
ocCupation
Hereens et al Sweden, men, 1992-4,  Population Age,region ofresidence  Snuff Fatal myocardial 310/49 0.BB(0.4%9101.60%,1 7 Meta-analysis of results
20057 NR based case infarction (0.59 to 4.9)* reportedin paper (current
control ot lormer use): limited = |
overlap with Huhtasaar
- ) : - o et al 1999°
Haglundetal  Sweden, men, 1988-9, Cohort Age, region ol Snuft Fatal myocardiat 255/72, 145/ 0.77(051101.15),
2007"? 1988-2003 residence, infarction, fatal stroke 33 1.15(0.54 to 2.41); —
SOCI0ECONGMIC STatus, 1.07 {06510 1.77),
physical actvity, self 1.01 (03510 2.92)
reported health,
number of chronic
diseases =
Hergens et al Sweden, men, 1978 Cohort Age, place of residence, Snuff Fatal myocardial 3651/841 0.99(0.90 10 1.10), Same (ohr;.n as_fnr
2007 93, 1978-2004 body mass index infarction 1.28{1.0610 1.5%) Hergens et al 2008'"
Wennberg etal  Sweden, men, 1985-6, Case-conlrol  Age, education, Snuft Fatal myocardial B43/39 0.75(0.4B 10 1.18)*, Meta-analysis of :e.su.r-_.
2007*° 1985-99 analysis physical activity, body infarction 0.94 (0.3810 2 30)* reponedin paper {current
nested in mass index. cholesterol or former use); limited
cohont study overlap with Huhtasaan
etal 20027 ¢
Hergens ef al Sweden, men, 1978- Cohon Age.place ol residence, Snuff Stroke, fatal stroke 444145 1.02(092101.13), Same cohort as for
2008'® 93, 1978-2003 body mass index 1.27(0.9210 1.76) Hergens et al 2007'* —_
NA=not available; NR=not relevani.
“Results of meta-analysis
for former use. An increased nisk of fatal myocarcdial  infarction were reported in two studies'' '*: in neither
infarction was present in studies from both the United was there a significant trend in risk by duration or fre-
States and Sweden. In one study from the United  quency of use, but in one study the relative risk of fata)
States, which analysed chewing tobacco and snuff use myocardial infarcuon was highest in the group that
separately, the results were similar ! Restncung the  used smokeless tobacco most often, '
analysis to the three risk estimates from cohort studies On the basis of six risk estimates the overall relative
in Sweden gave a summary relativerisk of 1 26 (10510 risk of stroke was 1.19(0.97 t0 1.47; test for publicauon
1.51). D(Jﬁc-u-\pm:w analvses for fatal mvocardial bias P=1.0; table 2'. The results were heterogeneous. A
INE FIRST | om page 3 of
ONL by QC L/ page 30t 6
L -
—



Table 2|Results of meta-analysis on risk of myocardial infarction and stroke* and use of

smokeless tobacco products

e Noofrisk . . Plor Relative risk
Outcome and subgroups -+ sitimates | . hetérogeneity (95% Cl) -
Any myocardial infarction:
Overall ) 005 099(089t01.10)
{uner_l!_usa of smokeless tobacco - 7 . _-I-).DI’_ - .l 03 tm
_f_oir:rrus; of smokeless tobarru_ 4 - 0.7 074 {0.60100791]_
Cohonstudies 6 - 01 104(095t01.18)
United States —r e _; - - 09 o 1.11(1.04 10:1._15'}_
SH\_'{‘dl’n = N _b o - _D_.(.)_l- - 087(0.751t0 1:0?) .
Sweden—cohort studies 3 0.3 ) 0.92(0.77 to 1._09) i
Fatal myr(aldual miarc-l.m-;l-:__ [ - - i -
Overall S B 09 113(1.06101.21)
(u_m-nt use of smokeless tobacco . 6_ - 66 1.17 (1.09to l..‘;)
_F_B.r_mer use of smokeless iobacw_ - _ -’4__. . 0.6- o 0.76 (0.58 10 0.99).- -
. Cohort studies B 6 0.8 1.13(1.06101.21)
United States - _3 - T 0.9 1.11{1.04101.19)
Sweden 5 09 127(1.07t01.52)
-SwedeHohorl slu&:es ) 3 B 1§ 1.26(1.05to 1.51)
Any stroke:
O_\n;rzli - 6- _t-O...(-)Ol 1.19(0.97101.47)
Current use ol smokegimbacw _3 cG.ﬂOl 1.28(1.00to 1.6-&} _
-_Fnr;-ner-usr. of «.rnn:keiess to;ar.g . o 2 __D.E]_S__ ) 093 (0.56 h;1551
United States __ . 3 03 139(1.2210160)
Sweden - 3 10 102093to113)
Fatal stroke: . o o
Owverall ] 05 1.40(1.28 m_l_sr.]
[1;n;m use of smoketﬁslnhacw N _-3.- 0.9 144 (13110 159)_ .
.F;r-r;wr use of -_.mo.keless mﬁo = 2 N (} -2__ 086 io.?ﬁ-t; 2.79)
United States o 3 03 1.39(1.22101.60)
_S;eaen__ o 2 B (;_? 1.25(0.91 10 1.70}

*All studies included in meta-analysis were of cohon design.
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As was the case with myocardial infarction, all studies
but one included only men and therefore stranfication
of the meta-analysis by sex was not informative. Only
three estimates were available for current use of smo-
keless tobacco products and two estimated for fonner
use: an increased nisk was present only for current
exposure. Studies from Sweden (three risk estimates)
showed no increased risk of stroke. The results on fatal
stroke were not heterogeneous. The overall relative
risk on the basis of five risk estimates was 1.40 (1.28
to 1.54, table 2 and fig 3; test for publication bias
P=0.2). Results were comparable between studies
from the United States and Sweden (three risk est-
mates compared with two risk estimates, respectively).
In the only study that reported results according to fre-
quency or duration of use, no significant vend in the
risk of fatal stroke was detected for either dimension ol
use, but the relative risk was highest in the group with
longest duration of use." Only one of the studies
reported results by type of stroke among snuff users
the relative risk for fatal ischaemic stroke [1.63,1.02 to
2.62) was higher than that for hacmorrhagic stroke
(1.05, 0.61 to 1.80; test for heterogeneny P=0.2).'°
The results of the calculaton of auributable fracuon
are presentedin table 3. The propornon of deaths from

3ss

Relative risk Weight Relative risk
(95% 1) %) (95% CN)
Huhtasaari et al* 1 1.50(0.45105.03)
Accortt® 2 1.00(0.7010 1.60)
Henley'! 66 1.12(1.03t01.21)
Henley'! 19 1.11(0.97 to 1.28)
Hergens'? 1 0.70 (0.59 to 4.90)
Haglund? 1 1.15(0.54t0 2.41)
Hergens'* 11 1.28(1.06101.55)
Wennberg'® i «1 0.94(0.38 10 2.30)
Summary eslimate . 100 1.13(1.06t01.21)

01 02 051020 50

Fig 2| Forest plot of risk estimates for fatal ;nyacardial
infarction among uskrs of smokeless tobacco products

myocardial infarction attributable to use of smokeless
tobacco products was 0.5% in the United States and
5.6% in Sweden. The corresponding figures for deaths
from stroke were 1.7% and 5.4%: the latter result was
based on a summary relative risk that was not statisu-

cally significant

DISCUSSION

This meta-analysis showed an increased risk of fatal
myocardial infarction and fatal stroke among users of
smokeless tobacco products compared with non-users
Although the magnitude of the excess nisk, particularly
for fatal myocardial infarction, was small, the consis-
tency of the results among studies and their robustness
for study design and quality added to their credibility.
The meta-analyses including the results on non-fatal
cardiovascular diseases, however, showed heterogene-
ity between studies, which limits their interpretation
All the studies on nisk of non-fatal myocardial infarc-
tion and stroke were done in Sweden. Several possible
explanations may be given for the discrepancies in
results between fatal and non-fatal cardiovascular dis-
eases. OQutcomes are less likely to be misclassified in
studies of incident cases recruited in hospital shortly
after diagnoms It i1s unclear, however, how misclassifi
cation of fatal cardiovascular diseases could generate a
false positive result in prospective studies, as misclassi-
fication would most hikely be non-differential for use of
smokeless tobacco.”* The difference in results might,
however, reflect a true phenomenon

Animal experiments and studies in humans indicate
that smokeless tobacco has mainly short term effects

Relative risk ~ Weight  Relative risk
(95% C1) (%) (95% C1)
Accortt? 1 0.B0(0.4010 1.80)
Henley'! 68 1.46(1.3110 1.64)
Henley'' 21 1.34(1.09101.65)
Haglund!? 1 1.01(0.35t02.92)
Hergens'® 9 1.27(0.92t0 1.76)

Summary estimate

100 1.40(1.2B10 1.54})

0102 05 1020 50

Fig 3| Forest plot of risk estimates for fatal.stmke an*u;ng
users of smokeless tobacco products
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Table 3 ano e
Table 3[Attributable fraction and attributable number of

deaths from myocardial infarction and stroke among men in
United States and Sweden

C r &u;)mmm;q “ “Noof deaths
United States {2000)-
Fatal myocardial infarction os 48
Fau-ﬁ Siroke 1.7 1093
Sweden2o0). = '
 Fatal myocardiatinfarction 56 3
Fatalsuoke sa 220

Based on rnnnaﬁry_d;t_a m-:-m.';vuo. r.f-ai;bes:,;’:.;u;rw;lenre of use
in United States,”* and 23% prevalence of use in Sweden,’” and tountry
specific relative risks from table 2. 4 o

resulting in increased blood pressure and heant rate
that are presumably due 10 nicotine, whereas data on
long term use and hypertension are inconclusive.**
Several studies suggest that increased levels of trigly-
cerides, diabetes, obesity, and metabolic syndrome
might be associated with use of smakeless tobacco, ' *
Experimental findings of increased damage (o the car
diac muscle and poorer myocardial healing in dogs
exposed to nicotine may provide a pathophysiological
rationale for the increased mortality from m yocardial
infarcton. Funhermore, nicotine induced cay diac
arrhythmias in dogs and increased the sensitivity
towards arrhythmias and induced ventricular fibrilla-
tion in canine hearts that survived myocardial
infarction.*

Previous reviews on the risk of cardiovascular dis-
‘ases among users of smokeless tobacco emphasised
the differences in €xposure and results and concluded
that the evidence did not suggest an association_**2*
Our meta-analysis, however, is based on explicit cni
tenia for inclusion of studies, and abstraction and pool-
ing of resuls. Compared with the most recent
published meta-analysis,” our review excluded two stu
dies that have been included in subsequent publica-
tons™' """ and one study with no risk estimate for
never smokers,”” and included four studies published
in the past two years.'* 1% Oy meta-analysis provides
consistent evidence of a moderate increase in risk of
fatal myocardial infarction and fatal stroke, whereas it
does not provide evidence of a dj flerence in effect of
products consumed in North America compared with
northern Europe. The different conclusions reached
by previous authors might be explained by the comb;-
naton of results on mncident and fatal cardiovascular
diseases, the Jack of inclusion of several recent studies,
and the lack of a formal meta-analysis 47

The results on faral myocardial infarction did no
depend on the inclusion of case-control studies, and
all risk estimates for fatal stroke were based on prospec-
nve studies. Cohort studies might be prone 1o bias if the
members ¢ hange their use of smokeless tobacco pro-
ducts dunng follow up. This would. hm\:-vw,gcnelulr
a posiive result for smokeless tobacco only if users
switched o smoking products, Some evidence from
the United States shows that use of smokeless tobacen

356

may lead to subsequent cigarette smoking ** The
Swedish data do not support the hypothesis that smo-
keless tobacco is a precursor to future smoking #

Other sources of bias {for example, misclassification ™

of outcomes) in cohort studies are unlikely to result in
afalse positive result. This is not the case for case-con-
trol studies, in which information bias Temains a poten-
tial problem? The consistency of resylts
prospective and retrospective studies, however, argues
against such bias playing an important part.

Confounding by active smoking isa potential source _

of bias in the studies included in the meta-analysis. We
aimed to control for this by restricting the meta-analy-
$1s to studies of never stokers. Only two relatively

. —
in

small case-control studies included former smokers n =

their category of non-smokers,’* Itis plausible, how-
ever, that some current or former smokers might
have been misclassified as never smokers. If this hap

pened, irrespective of smokeless tobacco use, it would ™

have resulted in bias towards the nul]. However, the
possibility remains that confounding owing to misclas-
sification of smoking status might have been differen-
tial for smokeless tobacco use (that is, smokeless

ally be misclassified as smokers (assuming no effect of
smokeless tobacco, relative risk equal o 2.5 for
tobacco smoking, and no musclassification among
non-users). Such a degree of misclassification is unl-
ncluded in the meta-analysis were
adjusted for sex, age, race (if appropriate), and (ip
cohort studies) for other known risk factors of cardio-

tension.
In conclusion, in studies carried out in the United
States and Sweden we detected an association betweer

despite the fact thag the
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magnitude of the excess risk is small. Future research
should aim to clarify the mechanisms of effect of smo-
keless tobacco products on deaths from cardiovascular
disease and to elucidate whether a similar effect is pre-
sent for non-fatal myocardial infarction and non-fatal
stroke.
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ABSTRACT

Objective To assess whether peopie who use smokeless

tobacco products are at increased risk of myocardial

infarction and stroke.

Design Meta-analysis of observational studies from

Sweden and the United States.

Data sources Electronic databases and reference lists.
Data extraction Quantitative estimates of the association
between use of smokeless tobacco products and risk of
myocardial infarction and stroke among never smokers.
Review methods Both authors independently abstracted
risk estimates and study characteristics, Summary
relative risks were estimated on the basis of random
effects models.

Results 11 studies, mainly in men, were included. Eight
risk estimates were avatilable for fatal myocardial
infarction: the relative risk for ever use of smokeless
tobacco products was 1.13 (95% confidence 1.06 to
1.21) and the excess risk was restricted to current users,
The relative risk of fatal stroke, on the basis of five risk
estimates, was 1.40 (1.28 to 1.54). The studies from both
the United States and Sweden showed an increased rick
of death from myocardial infarction and stroke. The
inclusion of non-fatal myocardial infarction and non-fatal
stroke lowered the summary sk estimates. Data on dose-
fesponse were limited but did not suggest a strong
relation between risk of dying from either disease and
frequency or duration of use of smokeless tobacco
products.
Conclusion An association was detected between use of
smokeless tobacco products and risk of fatal myocardial
infarction and stroke, which does not seem to be
explained by chance.

INTRODUCTION

Oral and nasal smokeless tobacco products have been
used in many countries for centunes. Dunng maost of
the 20th century, use of these products declined in Fur-
ope and North America, but a reverse trend in preva-
lence of use has been reported in the past few dec ades,
particularly among people vounger than 40" These
products have been proposed as an alternative 1o ¢ lgar-
ettes and other smoking products under the claim of a
smaller, or negligible, risk to health ? Smokeless
tobacco 1s a recognised carcinogen in humans'; other

potenual health effects include an increased risk of

Q<R

i

myocardial infarction, stroke, and adverse reproduc- ==

tive outcome.'** Delenmnmg the role of smokeless
tobacco in cardiovascular diseases is important, given
the high incidence and mortality from these diseases.

We systematically reviewed studies that analysed
the risk of myocardial infarction and stroke among
users of smokeless tobacco products, with the aim of
updating and expanding a previous review and meta-
analysis on this topic.” Smokeless tobacco products
consumed in Asia are different from those consumed
in Europe and North America Weaimed to determine
whether users of smokeless tobacco products in Swe-
den and North America are at an increased risk of
death from myocardial infarction and from stroke
compared with non-users.

METHODS

The MOOSE guidelines for meta-analysis of observa-
tional studies in epidemiology were followed " We
selected studies that provided a quantitative estimate
of the association between ever use of smokeless
tobacco products and occurrence incidence or mortal-
ity) of myocardial infarction o stroke among never
smokers. We carried out a search in PubMed using
the terms ((“cardiovascular diseases"[MeSH Terms]
OR (“cardiovascular”|All Fields] AND “diseases”[All
Fields]) OR “cardiovascular diseases™[All Fields]) OR
{“cerebrovascular disorders”[MeSH Terms| OR
cerebrovascular”[All Fields] AND “disorders”|All
Fields]) OR “cerebrovascular disorders™[All Fields]
OR MORTALITY OR DEATH*)) AND {{{{({snus))
OR ({snuff))) OR ((tobacco, smokelessmesh]))} OR
((“smokeless tobacco™})) OR ({"spit tobacco™ OR
“chewing tobacco™))) AND ((cohort studies|mesh]
OR case control studies[mesh|) OR (cohort|TI] AND
stud*[TT]) OR (case*|[TI) AND control*[TI] OR pro-
spective study)), which identified | 18 potentially rele-
vant references. We completed it with a second search
in ISI Web of Science 1945-2009 (updated 15 January
2009) using the terms {(Snus OR snuff OR OR “spit*
tobacco™ OR “smokeless tobacco™ OR “tobacco
SAME  smokeless” OR hewing tobacco™ OR
“tobacco SAME chewing™) AND «cardiovascular OR
cerebrovascular OR “heart” OR "myocardial infarc-
non”™ OR mortality OR death® OR ischaemic OR
ischemic OR stroke OR coronarvi AND (Cohan®
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OR Case* OR conwol* OR prospectivel}, which
resulted in an additional 75 references. After excluding
irrelevant studies™'™'"* we checked the reference hsts
of relevant studies and identified one additional pub-
lication.*'” After further exclusion of studies done in
Asia~"""~'® lincluding one study carried out in 52
countries, predominantly Asian='"'), reports in subse-
quent publications,™' ™ *!**1i and studies not report-
ing separate risk estimates for myocardial infarction
-and stroke,”'™ 10 publications were included for meta-
analysis.”'®

Data extraction and quality assessment

Both authorsindependently abstracted the estitmates of
risk of cardiovascular diseases, ischaemic heart disease
or myocardial infarction, and cerebrovascular disease
or stroke {including separate esumates for the fatal
forms of the diseases, if available) and the characteris-
tics of the study. The abstracted data were compared
and any inconsistencies resolved. When possible, risk
esimates for current and former use of smokeless
tobacco were abstracted separately,

If several risk estimates were available from one
study (for example, separate results for men and
women or for current and former use}, we combined
them by carrying out a meta-analysis based on a fixed
effect model.

Data synthesis and analysis

We carried out a meta-analysis of the study specific
results based on a random effects model.”” We used
the stanistical package STATA to test for heterogeneity
and to calculate summary relative risks and 95% con-
fidence intervals.' Begg's test was used to determine
the presence of publication bias.'

We classified studies on the basis of outcome {myo-
cardial infarction, stroke), country {(United States, Swe-
den), study design (cohort, including nested case-
control, other case-control), and adjustment for poten-
tal confounders, in additon to age and sex. We
repeated the meta-analysis after stratification by coun-
try (United States, Sweden). As is usual in main ana-
lyses of epidemiological studies,” we combined the
results of cohort and case-control studies. The possible
influence of study design was assessed by repeating the
main analysis with cohort studies only. Three case-con-
trol studies were available: all were from Sweden and
reported only results on myocardial infarction. To dis-
entangle the effect of country from that of study design
we camed out a further meta-analysis of myocardial
infarction restricted to cohort studies from Sweden

Calculation of attributable fraction

The attnbutable fraction is a measure of the burden of
smokeless tobacco use on cardiovascular diseases. It
can be esumated on the basis of the relative nisk from
use of smokeless tobacco and the proportion of the
exposed population: proportion of exposed popula-
non=(relanve nsk=1 divided by :propurunn of

exposed populanon= relanve nisk- 1]+ |

LN
N
-

We used the country specific relative risk of fatal
myocardial infarction and fatal stroke derived from
the present meta-analysis, and data on proportion of
smokeless tobacco users from surveys in the United
States® and Sweden.”*

RESULTS

Eleven studies reported in 10 publications were
included in the meta-analysis {fig 1 angd table )7
Eight studies were from Sweden and three from the
United States. Eight studies used a prospective cohort
design {in two, only results based on nested case-con-
trol analyses were reported} and three used a popula-
tion based case-control design. Nine 'studies were
restricted to never tobacco smokers, whereas two also
included former smokers. ”® Fixed effect meta-analyses
of stratified results were done for four studies to obtain
a summary relative risk.”'! 1213

The nine independent risk estimates for myocardial
infarction (table 1) resulted in a summary relative risk
for ever use of smokeless tobacco products of 0.99
{95% confidence interval 0.89 to 1.10), with evidence
of heterogeneity between studies [table 2: test for pub-
lication bias P=0.2). No evidence of an increased risk
was present among current users (seven risk estimates,
with heterogeneity) or former users [four risk esti-
mates; table 2). Restricting the meta-analysis to cohort
studies gave a summary relative risk of 1.04 {0.95 to
1.14, six risk estimates). As all studies but one were in
men, the analyses stratified by sex were not informa-
tive.

No heterogeneity was found among the studies
reporung fatal myocardial infarction, resuling in a
summary relative risk for ever use of 1.13 {1.06 to
1.21), based on eight risk estimates (table 2, fig 2: test
for publication bias P=0.4). The increase was present
for current use of smokeless tobacco products but not

Exclusion of stidies 0ot reporting separate risk |
 estimates for myocardial infarction or stroke (n=1)"1%*

© “Publicafions included i metaanaysis (n=10) " )

Fig 1| Strategy for selection of studies in meta-analysis
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Table I|Eﬁidemiological studies on use of smokeless tobacco and risk of cardiovascular disease included in meta-analysis

Huhtasaanetal Sweden, men, 1989

19927

91, NR

based cass
control

Huhtasaanetal Sweden, men, 1991-3, Population

1999°

Accort e al
2002°

Asplund et al
2003'°

Henley et al
2005""!

Henley et al
2005"!

Hergens et al
2005'7

Haglund et al
2007"?

Hergens et al
2007

United Sta-les. both_
sexes, 1971-5,1971-
92

Sweden, fnen_'l 985-6,
1985-2000

United Slatés, mer
1959, 1959-71

United States, men,
1982, 1982-8

Sweden, men, 1992-4,
NR

based gase
control

Cohort

Case-control

analysis
nested in
cohort study

Cohont

Cohort

Population
based case
control

Sweden, men, 1988-9, Cohort

1988-2003

Sweden, men, 1978-
93, 1978-2004

Wennbergetal Sweden, men, 1985-6,

2007

Hergens et al
2008'*

NA=not availabl

1985-99

Sweden, men, 1978-
93,1978-2003

le; NR=not relevant

*Results of meta-analysis.
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for former use. An increased risk of fatal myocardial
infarction was present in studies from both the United
States and Sweden. In one study from the United
States, which analysed « hewing tobacco and snuff use
separately, the results were simular ' Resuuuus the
analysis to the three risk estimates from cohort studies
in Sweden gave a summary relauve nsk of 1.26 (1.0510

" Cohort

Case-control
analysis
nested in
cohon study

Cohort

Age, region of
residence, “various
cardiovascular risk
factors™

Age, sex,
socioeconomic status,
alcohol consumption,
physical activity, fruit
and vegetable intake,
blood pressure,
cholesterol, body mass
index

Age, region of
residence, education,
blood pressure,
diabetes, cholesterol,
marital status

Age, race, education,
alcohol consumption,
physical activity,
aspirin intake, body
mass index, fruit and
vegetable intake

Age, race, education,
alcohol consumption,
physical activity,
aspirin intake, body
mass index, fruit and
vegetabie intake,
occupation

Age, region of residence

Age, region of
residence,
socioeconomic status,
physical actnaty, self
reported health,
number of chronic
diseases

Age, place of residence,
body mass index
Age, education,

physical activity, body
massindex, cholesternl

Age, place of residence,

body mass index

Spit

Souff

Smokeless
tobacco

Snuff

tobacco

Spit
tobacco

Snuff

Snufl

Snuft

.Snuﬂ o

Snuff

f

1.31) ])-m-lwga--izw- analvses for fatal n

RST | bmy.com
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Myocardial infarction 177
Fatal myocardial NA/NA
infarction -

Fatal myocardial NA/NA

infarction, fatal stroke /

; Stroke NA

Fatal myocardial 799/460
infarction, fatal stroke

Fatal myocardial 216/100
infarction, fatal stroke

Fatal myocardial 310/49
infarction

Fatal myoc ardial 255/72:.1

infarction, fatal stroke 33

3651/841

Fatal myocardial

infarction

Fatal myocardial B43/39
infarction

Stroke, fatal stroke 444 /45

was there
myocardial

used smoke

wocardial bias P=1.0;

a~

Mool cases/
~Noofdeaths  Relative rﬁi%ﬁ

0.8%9{0.62101.29)

0.58 (0.35 10 0.94),
1.50 (0.45to 5.03)

1.0{0.7101.6)*,08
(0.4 to 1.8)*

1.05 (0.37 ta 2.94)

1.12{1.03t0 1.21),
1.46 (1.31 to 1.64)

1.11 (0.97 to 1.28)*,
1.34 (1.0910 1.65)*

0.B8(0.49t01.60",1.7
(05910 4.9)*

077(051101.1%),
1.15 (0.54 1o 2.41).
1.07 (065101.77),
1.01(0.35102.92)

&5/

0.99{0.90 to 1.10),
1.28 (1.06101.55)
0.75 (0.48 10 1.18)*,
0.94 (0 3810 2 30)*

1.02(092101.13),
1.27(0.92 10 1.76)

Including former
smokers; limited overap
with Wennberg et al
2007'*

Including former
smokers: limited gverap
withHergens et al 2005'?
and Wennberg et a!
m} 5

Proxy interviews for
many; meta-analysis ol
results reported iu‘pdpm
(sex)

Meta-analysis of results
reportedin paper (current
or former use)

Meta-analysis of resulrs
reported in paper (current
ot former use): limited
overlap with Huhtasaan
etal 1999*

Same cohort as for
Hergens et ai 2008'*
Meta-analysis of results,
reported in paper (current
ot farmer use); iimited
overlap with Huhtasaan
etal 20027 ®

Same cohon as for
Hergens et al 2007'*

infarction were reported in two studies' 14- n neither
a significant trend in risk by duration or fre
quency of use, but in one study the relative risk of fata)

mfarcuon was highest in the group thai
less tobacco most often '

table 21 The results were

On the basis of six risk estimates the overall relative
nsk of stroke was 1. 19/0.97 10 1 .47

:test for publication
heterogeneous
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Table 2|Results of meta-analysis on risk of my(;ca-t;isl infarction and stroke* and use of

smokeless tobacco products

Outcome and subgroups ..

Any myocardial infarction:
Overall

Current use of smokeless tobacco

_ Former u-se of_s_mokdess toba(;n
l:oh; studies S
" United States
“Sweden
Fahl myocardial infarction: -
Dverall

Current use of smokeless tobat;m
Former use of smokeless maco
Cohort studies -
IJnFle_d. 5[.‘"(‘&
chden-

SWE'C;EI'T—( ohort studies

Any stroke:

Former use of smokeless tobacco

United States
 Sweden
F;lai_s_troke- o

Overall

Current use of smokeless tobacco

Former use of smokeless tobacco

United States

Sweden

No of risk 3 Relative risk
" . estimates i (95% )
) oo 0.99 (0.89to 1.10)
N 002 103(091ta117)

% o7 0.74 (0.60 10 0.91)
) e T o1 1.04 (0.95 to 1.14)
g 09 111010410119
6 0.01 0.87 (0.75t0 1.02)
3 'u__._g_  092(077t01.09)
& 09 1.13 (1.06 to 1.21)
6 06 117010910125
4 P 0.76 {0.58 t0 0.99)
6 08 113 (1.06t01.21)
3 " Tos 1.11(1.06 to 1.19)
5 09 127 (1.07101.52)
3 08 1.26 (1.05t0 1.51)
6 ©.001 119(057 10 1.47)
3 0001 1.28 (1.00 to 1.64)
i ?- {;Es__ o 0.93 l(]..‘_‘ﬁto__l-..ssl
- R 03 --_1.39(-1_.?2 t01.60)
R 10 102093t01.13)
5 0s 1.40 (12810 1.54)
- 3 09 1.44(1.31 (0 1.59)
- ) 02 086002610279
3 03 139(1.22 10 1.60)
_2 0.7 1 JSHGEBI mT?o}

“All studies included in meta-analysis were of cohon design.
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As was the case with myocardial infarction, all studies
but one included only men and therefore stratification
of the meta-analysis by sex was not informative. Only
three estimates were available for current use of smo
keless tobacco products and two estimated for forne:
use: an increased nsk was present only for current
exposure. Studies from Sweden (three risk estimates)
showed no increased risk of stroke. The resulis on fatal
stroke were not heterogeneous. The overall relative
risk on the basis of five risk estimates was 1.40 (1.28
to 1.54, table 2 and fig 3; test for publication bias
P=0.2). Results were comparable between studies
from the United States and Sweden (three risk esti-
mates compared with two risk estimates, respectivel y).
In the only study that reported results according to fre-
quency or duration of vse, no significant trend in the
nisk of fatal stroke was detected for either dimension of
use, but the relative nsk was highest in the group with
longest duration of use.'' Only one of the studies
reported results by type of stroke among snuff users:
the relatve nisk for fatal ischaemic stroke [1.63, 1.02 to
2.62) was higher than that for haemorrhagic suoke
(1.05, 0.61 10 1.80; test for heterogeneity P=0 2) '
The results of the calculation of atuributable fractuon

are presentedin table 3 'I'hupropurlumui.-'.r.'ﬂ':mrum
37
'oR=1

Relative risk  Weight Relative risk
(95% C1) (%) (95% Cn)
Huhtasaari et al® —l—— a4 1.50(0.45105.03)
Accom® —- 2 1.00{0.70to 1.60)
Henley'! 66 1.12(1.03to1.21)
Henley'! 19 1.11(0.97t01.28)
Hergens'? 1 0.70{0.59 to 4.90)
Haglund'? —s 1 1.15(05410 2.41)
Hergens'* - 11 1.28(1.06101.55)
“Wennberg!® —— | a4 09403810 230)

. 100 1.13{1.06t01.21)
0102 051020 50

Summary estimate

Fig 2| Forest plot of risk estimates for fatal m_yocardiI
infarction among users of smokeless tobacco products

myocardial infarction attributable to use of smokeless
tobacco products was 0.5% in the United States and
5.6% in Sweden. The corresponding figures for deaths
from stroke were 1.7% and 5.4%: the latter result was
based on a summary relative risk that was not statisti-
cally significant.

DISCUSSION
This meta-analysis showed an increased risk of fatal
myocardial infarction and fatal stroke among users of
smokeless tobacco products compared with non-users
Although the magnitude of the excess risk, particularly
for fatal myocardial infarction, was small, the consis-
tency of the results among studies and their robustess
for study design and quality added to their credibility.
The meta-analyses including the results on non-fatal
cardiovascular diseases, however, showed heterogene-
ity between studies, which limits their interpretation
All the studies on risk of non-fatal myocardial infarc
ton and stroke were done in Sweden. Several possible
explanations may be given for the discrepancies in
results between fatal and non-fatal cardiovascular dis-
eases. Outcomes are less likely to be misclassified in
studies of incident cases recruited in hospital shortly
after diagnnsn, Itis unclear, however, how misclassif
cation of fatal cardiovascular diseases could generate 4
false positive result in prospective studies, as misclassi
fication would most likely be non-differental for use of
smokeless tobacco.” The difference in results mght,
however, reflect a true phenomenon.

Animal expeniments and studies in humans indicate
that smokeless tobacco has mainly short tenm effects

Relative risk  Weight Relative risk
(95% cn) (%) (95% C1)
Accort® . 1 0.80(0.40 10 1.80)
Henley'! Iﬂ 1.46 (1.31 to 1.64)
Henley"! i ] 21 1.34(1.0910 1.65)
Haglund'? ‘ 1 1.01(0.35102.92)
Hergens'® - 9 1.27(092101.76)
Summary estimate e 100 1.40(1.28to1.%4)
0102 051020 50

Fig 3| Forest plot of risk estimates for fatal st_oke among
users of smokeless tobacco products
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Table 3|Attributable fraction and attributable number of may lead o subsequent cigarette smoking* Them
deaths from myocardial infarction and stroke among menin  Swedish data do not support the hypothesis that smo-
United States and Sweden keless tobacco is a precursor to future smoking

Other sources of bias (for example, misclassification
of outcomes) in cohort studies are unlikely to result in™

U:ni‘u;Su!es (20003 o a false positive result. This is not the case for case-con-
 Fatal sayocerial infarction Py 483 trol studies, in which information bias remains a poten-
it caaie 1.7 1093 tial problem* The consistency of results in__
Seks il T T e prospective and retrospective studies, however, argues
_F_am)_rrmé.\c_ardaal l.nl"arﬂ;on N 5-.6 - 34_6 o a'ga'in"“ S‘lld‘l bia's playmg an 1mpm1am pa.rL

e o h 55 Confounding by active smoking is a potential source

. T prevalence of use  ©1 Dias in the studies included in the meta-analysis. We wm
in United States,™ and 23% prevalence of use in Sweden, ” sug county  aimed to control for this by restricting the meta-analy-
specific relative risks from VS 2. sis o studies‘of never smokers. Only two relatively
small case-control studies included former smokers in
resulting in increased blood pressure and heart rate  their category of non-smokers.”* I is Plausible, how- =
that are presumably due to nicotine, whereas data on ever, that some current or former smokers might
long term use and hypertension are inconclusive.**  have been misclassified as never smokers. If this hap-
Several studies suggest that increased levels of trigly-  pened, irrespective of smokeless tobacco use, it would
cerides, diabetes, obesity, and metabolic syndrome  have resulted in bias towards the null. However, the
might be associated with use of smokeless tobacco.'*  possibility remains that confounding owing to misclas-
Experimental findings of increased damage tothe car-  sification of smoking status might have been differen-
diac muscle and poorer myocardial healing in dogs tial for smokeless tobacco use (that is, smokeless —
exposed (o nicotine may provide a pathophysiological ~ tobacco users might have comprised more misclassi-
rationale for the increased mortality from myocardial ~ fied smokers than non-users), thus resulting in an infla-
infarction. Furthermore, nicotine induced cardiac  tion of the risk associated with smokeless tobacco use.
arrhythmias in dogs and increased the sensitivity A sensitivity analysis carried out by us showed that to ==
towards arrhythmias and induced ventricular fibrilla-  explain arelative risk of 1 40 for fatal stroke reported in
tion in canine hearts that survived myocardial  this study 25% of smokeless tobacco users should acty-
infwcting * ’ ally be misclassified as smokers (assuming no effect of
smokeless tobacco, relative nsk equal o 2.5 for
tobacco smoking, and no misclassification among
non-users). Such a degree of misclassification is unh-
kely. The results included in the meta-analysis were
adjusted for sex, age, race {if appropriate), and (in
cohort studies) for other known risk factors of cardio-
vascular disease, such as body mass index and Il)’pﬂ-
tension. -
In conclusion, in studies cartied out in the United
States and Sweden we detected an association between
use of smokeless tobacco products and risk of fatal
myocardial infarction and fatal sroke, which 15 not
readily explained by chance Cnnfounding and other
sources of bias, however, cannot be completely
excluded on the basis of available data, although we
found no strong evidence for their effect. If the associa-
tion is real, its public health and clinical implications
might be substantial, despite the fact that the

Previous reviews on the nisk of cardiovascular dis-
cases among users of smokeless tobacco emphasised
the differences in exposure and results and concluded
that the evidence did not suggest an association.’***
Our meta-analysis, however, is based on explicit cri-
teria for inclusion of studies, and abstraction and pool-
mg of results. Compared with the most recent
published meta-analysis,” our review excluded two stu-
dies that have been included in subsequent publica-
tions™'™ ' and one study with no risk estimate for
never smokers,*™ and included four studies published
in the past two years."'* Our meta-analysis provides
consistent evidence of a moderate mncrease in risk of
fatal myocardial infarction and fatal stroke, whereas it
does not provide evidence of a difference in effect of
products consumed in North America compared with
northern Europe. The different conclusions reached
by previous authors might be explained by the combi-
nation of results on incident and fatal cardiovascular
diseases, the lack of inclusion of several recent studies, ]I
and the lack of a formal meta-analysis * %

The results on fatal myocardial infarcion did not |
depend on the inclusion of case-conuol studies, and J

WHAT IS ALREADY KNOWN ON THIS TOPIC
| Smokeless ichacra praducts jare wWILPly usad in ¥

Depulations

all risk estimates for fatal stroke were based on prospec- | W nisk of cardiovasclar dsesse ig
tive studies. Cohort studies might be prone to bias if the I
members change their use of smokeless tobacco Pro- | WHAT THIS STUDY ADDS

ducts during follow up. This would, however, generate
a positive result for smokeless tobacco onlv if users

3€0
UREIESy

| This systemalic review 2

switched 1o smoking products. Some evidence from )
the United States shows that use of smaokeless tobacco ==
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magnitude of the excess nisk 1s small. Future research
should aim to clarify the mechanisms of effect of smo-
keless tobacco products on deaths from cardiovascular
disease and to elucidate whether a similar effect is pre-
sent for non-fatal myocardial infarction and non-fatal
stroke.
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ORIGINAL ARTICLE

Smokeless Tobacco and the Risk of Stroke

4
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Maria-Pia Hergens,* Mats Lambe,” Goran Pershagen,™ Andreas T erent," and Weimin Ye®

Backgrownd: In Sweden, use of smokeless tobacco (oral moist snuff)
1S common among adult men. Research on cerebrovascular effects
associated with long-term use of snuff is limited and inconclusive. We
aimed to study whether long-term use of snuff affects the risk of stroke.
Methods: }nl‘ormalion on tobacco use was collected by question-

Overall, 3248 cases of stroke were identified during follow-up.

particularly of fatal ischemic stroke.
(Epidemiology 2008:19- 794 -799)

Oral moist snuff ( “snus™) is a type of smokeless tobacco

widely used in Sweden_ In 2004, 22% of men were daily
snuff users, and the prevalence is steadily increasing.' Stroke
1s one of the leading causes of disability and death in Western
countries, with tobacco smoking being a well-known risk
factor.?? Possible associations between snuff use and stroke
have been investigated only to a limited extent.
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We performed a prospective cohor study to assess the
association between snuff use and the nsk of stroke, with an
cmphasis on different types of stroke.

METHODS

Setting
This cohort has previously been described in detail."* |y,
brief, the Swedish C onstruction Industry’s Organization pro-

the construction workers attended ap least 1 health check-
up."* Information on medical history and working environ-

Epidemiology e Volume 19, Number 6, November 2008



Epidemiology * Volume 19, Number 6, November 2008

Snuff Use and the Risk of Stroke

registration number, all subjects could be followed through
record linkage to the nationwide Causes of Death Register,
the Inpatient Register, and the Migration Register. We ex-
cluded 3881 men for the following reasons: inconsistent birth
dates or personal identifiers (134); insufficient exposure data
on snuff consumption (35); a history of stroke before entry
(131); missing information on area of domicile, weight, or
height (1830); and other inconsistencies (1751). The final
study population comprised 118,465 men. -

Follow-Up

The National Board of Health and Welfare has col-
lected datd since 1965 on individual hospital discharges in thg
Inpatient Register, described in detail elsewhere.'” The pro-
portion of the Swedish population covered by this register
increased from 60% in 1969 to 85% in 1983, and to 100% in
1987, and thereafter. Each record contains up to 8 discharge
diagnoses. The Causes of Death Register, which is also held
by the National Board of Health and Welfare, includes
information on date of death and underlying and contributory
causes of death. Discharge diagnoses and death causes are
coded according to the Swedish revision of 7th International
Classification of Diseases (ICD-7) before 1969, 1ICD-8 from
1969 through 1986, 1ICD-9 from 1987 through 1996, and
ICD-10 since 1997. We identified incident cases and subjects
dying from ischemic, hemorrhagic and unspecified stroke
using the Inpatient Register (as main diagnosis) and Causes
of Death Register (as underlying cause). Stroke patients who
survived fewer than 28 days after first admission were con-
sidered fatal cases. Stroke and its subtypes were derived n
accordance with methods used in a previous study'® (for
details, see eTable, available with the online version of this
article). Hemorrhagic stroke included both nontraumatic in-
tracranial hemorrhage, and subarachnoid hemorrhage. Isch-
emic stroke included occlusion in both precerebral and cere-
bral arteries, cerebral thrombosis, and cerebral embolism, as
well as transient cerebral ischemia. I1l-defined cercbrovascu-
lar diseases were categorized as unspecified stroke.

Information on Snuff Dipping and Other Risk
Factors

Questionnaires provided information on amount of
snuff used (g/wk), duration of snuff dipping, and time since
cessation of snuff dipping. Regular snuff use was defined as
consumption of at least | g/d for at least | year. Former snuff
users were defined as those who had stopped using snuff
more than 1 year before enrollment. The mean consumption
among current snuff users was 23 g/d. We used snuff infor-
mation only from the first registered visit. (Later visits varied
in number and timing and were subject to self-selection; also,
the number of repeated visits was age dependent.) Current
users were divided into 4 groups according to amount of daily
snuff intake in g/d; <12.5 g/d, 12.5 24.9 g/d, 25.0-49.9 g/id
and 50 or more g/d.
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Body mass index ((BMI]; weight [kg}/height [m]’) was
calculated using information from the first health check-up in
1978. Area of domicile at baseline was determined by linkage
to the Total Population Register and the Register of Domestic
Migration. We grouped the residence areas of participants
into the northern, middle, and southern parts of Sweden. No
information was available on other possible confounders,
such as alcohol use and physical activity.

Statistical Analysis

Coverage of the Inpatient Register differed among
counties over time. For subjects who lived in a county
without coverage (or with incomplete coverage) before 1987,
cohort entry was reset to the date at which the Inpatient
Register had full coverage. Also, to exclude prevalent cases
of stroke, we defined the date of complete coverage by the
Inpatient Register as 2 years after the Register had actually
achieved complete coverage. Each cohort member contrib-
uted person-years from the entry date until the date of first
stroke diagnosis, death, emigration out of Sweden, the date
for moving into a county without (or with incomplete) cov-
erage by the Inpatient Register, or the end of year 2003,
whichever occurred first. The incidence rate was standardized
1o the total person-years experienced by all participants, using
S-year age categorics.

The associations between snuff dipping and nisk of
stroke were estimated by hazard ratios (presented as relative
risks [RRs] with 95% confidence intervals [Cls]) derived
from the Cox proportional hazards regression model with
adjustment for attained age (as time scale),'” BMI, and region
of residence. Assumption of proportional hazards for snuff
dipping and covanates was examined by the method of
Shoenfeld’s partial residuals; there was no indication of
violation of the assumption for any of the variables checked
in regression models.'® To assess potential influence of se-
lection bias, a sensitivity analysis was performed by exclud-
ing the first 5 years of follow-up.

Kaplan—Meier cumulative survival curves (all causes of
death or deaths due to stroke) among those who had experi-
enced a nonfatal ischemic stroke were plotted for ever-users
of snuff and never-users, with follow-up through 2003. The
log-rank test was used to examinc the difference of survival
curves between the 2 groups. The relative risks of montality
from all causes or stroke were similarly derived from the Cox
proportional hazards regression model descrnibed above.

All analyses were conducted in SAS statistical soft-
ware, version 9.1 (Cary, NC). This study was approved by the
Regional Ethics Committee of Umed University.

RESULTS
Twenty-nine percent of these never-smoking men had
used snuff, with the highest proportion in the youngest group
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TABLE 1. Baseline Characteristics of 118,465 During an average of 18 years (> 2 million person-
Never-Smoking Male Workers in the Swedish Construction years) of follow-up, 3248 subjects had ischemic, hemor-
Workers Cohort, Registered From 1978-1993 rhagic, or unspecified stroke as a primary cause of death or
Snafl Use (%) primary discharge diagnosis. Among them, 2283 (70%) had
ischemic stroke, 550 (17%) hemorrhagic stroke and 415§
Characteristics N (%) Never Former Curremt (13%) stroke of unspecified type. The proportion of unspec-
Total 118,465  (100) 71 2 27 ified stroke decreased during the follow-up, from 16% in
Age at eniry (y) 1987 1o 8% in 2003 This may have been the result of
<3s - 80,667 (68) 64 2 34 - introduction of new diagnostic tools, such as computed to-
3544 17.628  (15) 82 3 16 mography scanning. The average age at diagnosis was 66, 59,
45-55 1L18 (10) g9 ! 10 and 66 years among patients with 1schemic, hemorrhagic, and
55+ 8986 (%) 88 i 1

unspecified stroke, respectively.

R : : G i

BMI” (weight/heighr’) p f Table 2 provides relative risks of all types of stroke
<20 7610 (6) 71 1 28 g
354 1647 (1) s 5 2% taken together, as well as stroke subtypes, for categories of
2530 048 (29 . 2 28 snuff use. The overal] relative risk of stroke amMong ever-ysers
304 060 (4) . ) 31 of snuff was 1.02 (95% CI = 0.92-1.13). There was an

Region indication of an elevated nisk for fatal stroke (1.27 [0.92—
North 32815 (28) 68 p) 29 1.76]), which was mainly driven by an excess risk among
Middle 61,682 (52) 71 2 27 current snuff users (]38 [0.99-1.91)). Further analyses on

South 23,968  (20) 74 2 25 subtypes of stroke showed that the excess nsk was primarily
“Adjusted 10 age distmbution ar entry. confined to ischemic stroke among ever-users of snuff (].63

e (1.02-2.62]). Among former snuff USETS, a tendency toward

(<35 years). Snuff users in general had a higher BMI than ther analyses among current snuff users showed no clear
nonusers, and snuff prevalence was highest in northern Swe-  evidence of a dose response effect (Table 3). Sensitivity
den (Table 1). analyses excluding the first 5 years of fol!omup confirmed

TABLE 2. Standardized Incidence Rates and Relative Risks of Stroke (Hemorrhagic, Ischemic, Unspecified Stroke, and All
Cerebrovascular Diseases) for Snuff Users Compared with Nonusers of Tobacco Among 118,465 Never-Smoking Swedish

Construction Workers
mw ﬁ_—
et s — T

No. No. No. No.
Cases SIR RR Cases  SIR  RR (95% CI)  Cases SIR  RR (952 C)  Cases sIR RR (95% C1y
—_— -————-—-_._____———-——-_._____-——-—-_.___ =

All types of stroke T e

All 2805 152 100 443 173 1.02(0.92-) 13) 31 14 072 (050-1.02) 452 182 1.05(0.95 1.17)

Nonfata] 2569 139 1pp 398 154 1.00(0.89-) 1) 30 100 075 (053-1.08) 368 161 102009, 14)

Fatal 236 I3 100 45 19 127092 1.76) 1 5 030004 2) 1) 44 21 138(0.99 ) 91
Ischemic stroke

All 1979 106 100 304 122 103 (0.91-1.16) 20 72 0.68 (0.44 L06) 234 120 1 07 (0.94 1.22)

Nonfatal 1887 101 100 282 12 1.00 (088 1.13) 19 67  0.67(0.43- L06) 263 HE 1040091 18)

Fatal 92 5 100 22 10 1.63(1.02-262) I 5 08 (0.12-5.93) 21 I 172 (106 2 78)
Hemorrhagic stroke

All 474 26 1.00 76 25 086 (0.67-) 10) 8 21 0.90 (0.45. 1.82) 68 26 085 (0.65 | 10)

Nonfatal 31 21 100 60 19 0.82(0.62-1.08) 8 21 110(054-221) 52 19 077 (057 1.04)

Fatal 96 5 100 16 6 1.05(0.6] 1.80) 0 - 16 717 (0.68-2.01)
Unspecified stroke

All 352 19 100 63 26 1.22(0.93- 1.61) 3 1T 066 (02) -2.06) 60 28 135 (1.02-1 80)

Nonfatal 34 16 100 56 22 125(093-167) 3 1T 0690227 14) 53 24 131 (0.98-) 77)

Faul 48 3100 7 3 103(047-23)) 0 7 4 114(051-25q)
s e e—— 1 % i _ —

——
Number of PETSOn-years was 1,524,553 for Rever-users, 590,925 for ever-users; 43,474 for former users, and 547,452 for curren users
“Reference cate,

SIR indicates incidence rate (per 100,000 person-years), standardized to the age distnbunon of person-years expenenced by all study participants using S-year age catepories.
from d)

Im})*, categonzed nto
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TABLE 3. Standardized Incidence Rates and Relative Risks of Stroke (Hemorrhagic, Ischemic, Unspecified Stroke, and All
Cerebrovascular Diseases) for Current Snuff Users by Amount Used, Compared With Nonusers of tobacco Among 118,465
Never-Smoking Swedish Construction Workers

Snuff Use (g/d)

<125 12.5-29.9 25-499 =50
No. No. No. No.
Cases SIR RR (95% CI) Cases SIR RR (95% CI) Cases SIR  RR (95% CI) Cases SIR RR (95% CI)

All types of stroke = - -

All 150 182 108(0.92 127y 175 185 1.11(095-1.29) 58 164 1.06 (0.82-1.38) 29 174 115 (0.78-1.64)

Nonfatal 133 161 105(0.88-1.25) 155 162 1.07(091-1.26) 53 150 1.05 (0.80-1.38) 27 161 113 (0.77-1.66)

Fatal 17 21 142(0.86-2.32) 20 24 1.57(0.99-2.49) 5 14 124 (051-3.03) 2 12 1.16 (0.29-4.69)
Ischemic stroke i ]

All lbb 129 2.11(1.10-4.07) 117 128 166(0.80-344) 40 120 0.66 (0.09-4.76) 21 130 3.28 (0.79-13.6)

Nonfatal 96 117 1.05(0.85-1.28) 109 118 108(0D89-131) 39 116 1.15(0.83-1.58) 19 118 1.19(0.76-1 88)

Fatal 10 13 2.11(1.10-4.07) 8 10 199(080-3.44) 1 5 0.66(0.09-4.76) 2 12 528 (0.79-13.6)
Hemorrhagic stroke

All 20 23 0.79(0.51-1.24) 31 26 092(064-133) 11 22 0.83(0.45-1.52) 6 24 0.91 (0.40-2.05)

Nonfatal 15 17 073 (0.44-123) 23 18 0.82(0.53-1.25) 8 17 0.70 (0.35-1.42) 6 24 1.05 (0.47-237)

Fatal 5 6 1.05(043-259) 8 8 143 (0.69-2.96) 3 S 1.56(0.46499) 0 :
Unspecified stroke

All 24 30 1.39(0.92-2.10) 27 30 1.46(098-2.17) 7 21 116 (0.55-247) 2 20 0.75(0.19-3.03)

Nonfatal 22 27 1.49(0.97-2.30) 23 25 142(093-2.18) 6 17 111 (0.49-2.50) 2 20 0381 (0.20-3.27)

Fatal 2 3 0.78(0.19-321) 4 5 1.71 (0.62-4.76) 1 5 1.65(0.22-12.06) -

these results, and showed a relative nsk of 1.71 (1.06-2.77)
for fatal ischemic stroke among ever-users of snuff.
Kaplan—Meier survival curves among those who expe-
rienced a nonfatal 1schemic stroke dunng follow-up, either
from any cause or from stroke, are shown in Figures 1 and 2.

Survival probability

0,0 9 - - = sl desths amoag sever-users of saull
—— Al desths smong soull uwsers
0 T : 3 T T 1
0 5 1m0 15 20

Survival time {vears)
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Compared with nonusers, snuff users had a higher probability
of dying from either all causes (P value from log-rank test =
0.08) or stroke (P value from log-rank test =
multivaniable analyses, the relative risk for montality from all
causes was 1.32 (1.07-1.65) for ever-users of snuff compared

0.02). With

FIGURE 1. Kaplan-Meier survival curves for all
deaths among male never-smoking Swedish
construction workers with prior nonfatal isch-
emic stroke, stratified by snuff use at baseline.
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FIGURE 2. Kaplan-Meier survival curves for B —
stroke deaths among male never-smoking Swed- . : H ’ ’ 0
ish construction workers with prior nonfatal isch. ¢ s d 15 e 25

emic stroke, stratified by snuff use at baseline.

with nonusers of tobacco, The coresponding relative risk for
mortality from stroke was 1.52 (1.01-2.29).

studies in Sweden.*'? We observed an elevated risk for fatal
stroke among snuff users and also found evidence that the
effect was strongest for fatal ischemic stroke among current
snuff users. Results from Previous studies of the association

studies showed an increased risk,""'” whereas 2 did no #12
Only 1 previous study looked S¢parately at former and current
snuff users,"! with stronger effects among current users.
None of the previous studics has subdivided stroke into
subtypes. Our results did not indicate an increased nsk of

snuff use and subarachnoid hemorrhage 2

Differences in etiology between hemorrhagic and isch-
emic stroke could help explain our
well-known risk factor for stroke, and this effect seems more
consistent for ischemic stroke, *?! A rapid decline in excess
nisk following cessation of smoking has suggested an acute
effect from tobacco. This is Supported by our data, in which
the increased risk was confined to current users of snuff. We
found some evidence of decreased risk for stroke among

798

268

Survival time (years)

former snuff users. This may reflect negative confounding if
more health cautious men quit snuff use.
Biologic mechanisms by which snufr might cause faa)

fibrillation is a risk factor for this type of ischemic stroke, 2223
Cardiac embolization may explain the observed differences

» which could increase the severity of the

This study is the largest study to date on the possible
association between snuff use and stroke nsk. Diseasc-relatr:d
misclassification of €Xposure was not an issye because data

minimized the risk of confounding by smoking,

Some weaknesses of our study should also be pointed out,
Although use of the Inpatient Register in combination with the
Causes of Death Register is an efficien Wway to identify cases of
stroke,” this may lead to nclusion of nondefinjte events, je,
false positives 2’ However, there is no Teason 1o believe that
misclassification of disease would differ between €Xposure
groups (snuff users and nonusers). If anything, misclassifica-

© 2008 Lippincor Williams & Wilkins
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tion would lead to a dilution of associations. Studies of stroke
subtypes can be difficult due to misclassification.”” By using
only first events of stroke we decreased this problem. Further,
our data suggested differential effects of snuff on risks of
hemorrhagic and ischemic stroke, which allayed such a con-
cern. Our analyses were based on the baseline information,
because health status (eg, early symptoms of stroke) and
exposure status (eg, snuff use) might correlate with the
likelihood of obtaining later check-ups.

During extended follow-up, misclassification of expo-
sure Is a concern; tobacco use can change. Snuff users who
had never smoked could be more inclined than never-users of
tobacco to take up smoking during follow-up. However,
previous sensitivity analysis Suggests this concern is of lim-
ited influence.”® We had information only on daily smoking;
snuff users may be occasional smokers to a larger extent than
never-users of tobacco. However, the observed differential
associations between snuff use and risk of stroke subtypes
(ischemic vs. hemorrhagic or nonfatal vs. fatal) allayed this
concern, in that smoking is a risk factor for all types of stroke.
Further, no excess risk of lung cancer was observed among
never-smoking snuff users, as compared with nonusers of
tobacco.”” Alcohol is an imporant risk factor for stroke,
especially hemorrhagic stroke.”® The lack of association be-
tween snuff use and hemorrhagic stroke suggests that con-
founding from alcohol is unlikely to have had an important
influence. Our study base consisted of male construction
workers, which reduced the nsk of confounding by sex,
socioeconomic status, or education. Confounding by dietary
and other life style factors is possible, but this would have to
affect mainly fatal ischemic stroke to explain our results.

In conclusion, our results suggest that use of Swedish
moist snuff 1s associated with an increased risk of fatal ischemic
stroke. Considering the increasing prevalence of snuff use in
Sweden, this association deserves to be pursued further.
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ORIGINAL ARTICLE

Contribution of Swedish moist snuffto the metabolic syndrome: A wolf
in sheep’s clothing?

-
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for follow-up afier 10 years were included (total of 16,492 individuals: 46.6% men and 53.4% women). Regression analyses
were performed. MetSy was the outcome and analyses were adjusted for age, sex, alcohol abuse, and family history of CVD
and diabetes. Resulrs: Ten-year development of MetSy was associated with high-dose consumption of snus at baseline (OR
1.6 [95% CI 1.26-2.1 5]), low education (2.2 [1.92-2.63]), physical inactivity (1.5 [1.22-1.73)) and former smoking (1.2
[1.06-1.38]). Snus was associated with separate components of MetSy, including triglycerides (1.6, 1.30-] -95), obesity
(1.7 [1.36-2.18]) but nor hypertension, dysglycemia and low HDL. cholesterol. Conclusions: MaetSy is independently
associated with high consumption of snus, even when controlling for smoking status. The finding is of public health interest

in societies with widespread use of snus. More research is needed to better understand the mechanisms underlying this
effect.

Key Words: Lifestyle, metabolic syndrome, smokeless tobacco, risk factors, public health

Introduction clearly elucidated and no specific treatment is
available that targets the syndrome beyond the usual
The metabolic syndrome (MetSy) is a worldwide treatments of its individual components [6,7].
ume bomb, fuelled by increasing obesity [1] and However, MctSy is thought to facilitate the clinical
signified clinically and epidemiologically by its focus on individuals at high risk of CvD and
association with cardiovascular disease (CVD) [2]. diabetes [5].
There are several working definitions of Me1Sy with Interacting effects of geneuc and environmental
varying constellations and criteria of the principal factors underlie the clustering of MetSy components
components: obesity, impaired glucose regulation, [4]. Although genes determine the individual sus-
dyslipidemia, and hypertension [3-5]. MetSy is cepubility to obesity and MetSy, the main reasons
currently debated primarily because an underlying for the obesity epidemic are societal changes with
pathophysiologial cause (or causes) has not been increased consumption of energy-dense food and
. S - —
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decreased physical activity [1]. Psychosocial and
sociodemographic factors [8], as well as heavy use of
alcohol and cigarette smoking, also contribute to
Me1Sy [9].

In Northern Sweden, rapid shifts in lifestyle habits
are occurring with a substantial decrease in smoking,
especially among men, paralleled with increased use
of Swedish moist snuff {snus) in both men and
women [10]. It has been proposed that the use of
snus is contributing to the decline in smoking rates
[11]. However, snus is not necessary for smoking
cessation at the population level [12].

Numerous studies have shown a link berween
smoking and several components bt MertSy [13].
Studies on the effect of smokeless tobacco are fewer
and have conflicting results. While acute effects of
exposure to smokeless tobacco such as increased
heart rate and blood pressure have been reported
[14], chronic effects on blood pressure and glucose
and insulin levels have not been found [15,16].
However, associations berween snus and overweight
[17] and triglycerides [15] have been demonstrated.
One study also showed ultrasound-measured sub-
clinical atherosclerosis among smokers but not
among snus users [15]. Another study demonstrated
impaired endothelial function among snus users
[18]. A large Swedish study found increased CVD
mortality among construction workers using snus
[19]). Other studies from Sweden have failed 1o prove
an increased nisk of myocardial infarction {20,21] or
stroke [22]. Heavy consumers of snus (=3 cans/

week) have been reported to have an increased risk
of type 2 diabetes [23]. Another study that did not
stratify for different doses of snus failed to find any
association with diabetes among snus users [24].

Several overview articles have concluded that
although the tobacco-associated nsk of disease
undoubtedly is greater with smoking, most studies
on smokeless tobacco have been too small to be
conclusive. More research, with larger and long-
itudinal panel studies, 1s therefore needed on the
impact of smokeless tobacco on disease outcomes
[25-27]. In this study we use a prospective cohort
design to investigate associations between lifestyle
factors and MetSy, with a focus on the possible role
of snus as one piece in the jigsaw puzzle of lifestyle
patterns.

Material and methods

This is a prospective cohort study using a subset of
the Visterbotten Intervention Programme (VIP), a
community programme for prevention of CVD and
diabetes. VIP started 1985 in the county of

Visterbotten in northern Sweden and has been
described in detail previously {28]. Briefly, at the
ages of 30, 40, 50, and 60 years, all inhabitants are
mnvited to their primary care centre for a health
survey. Participants answer a comprehensive ques-
tonnaire on psychosocial conditions and lifestyle.
An oral glucose tolerance test (OGTT) is performed.
Body mass index (BMI), blood pressure, and blood
lipids are measured. Central obesity, as measured by
waist circumference, was not recorded until 2003.
HDL cholesterol was measured only if the toral
cholesterol was> 6.5 mmol/L. or if any of the other
criteria of MetSy according to the WHO definition
were present. At the dnd of the health survey
information about the examination results and
individual lifestyle counselling were given. When
the programme was launched, reduction of hyper-
tension, hypercholesterolemia, and smoking was
targeted since these were established CVD risk
factors. The participation rate has been 60% on
average. No significant differences in socioeconomic
status have been demonstrated between participants
and non-participants [28]. The present srudy
includes individuals aged 30, 40, or 50 years who
first were examined in 1990-94 (n=24,230) and
returned for follow-up 10 years later. This comprises
a total of 16,492 individuals (46.6% men and 53.4%
women).

Metabolic syndrome was identified at follow-up
according to the new definiton from the
International Diabetes Federanon (IDF). This
defininon assumes central obesity if the BMI
is>30 [5] (Table 1). The Nanonal Cholesterol
Educauon Program Adult Treatment Panel 111
(NCEP/ATP III) definition was not applied since
waist circumference was not measured in the whole
study population. The World Health Organization
(WHO) definition was used in an additional
analysis.

Subjects were grouped according to lifestyle habits
and educational level at baseline. Smoking was
stratified into non-smoking, ex-smoking, and daily
smoking. The non-smoking group included never
smokers, those who smoked occasionally, and
former occasional smokers. Ex-smoking included
only former daily smokers. Daily smoking included
daily smokers of cigarettes (without grading due to
number of cigarettes consumed), cigar, and pipe.
The questonnaire encoded the use of snus as
follows: never use, former use, consumption of <2
cans of snus/week, 2-4 cans/week, 5-6 cans/week,
or=7 cans/week. For simplicity this was categorized
into no use (including never and former use), low
dose use (<4 cans/week), and high dose use (>4
cans/week). The Cage questonnaire was used to
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Table 1. Critenia for the clinical diagnosis of Metabolic Syndrome according 10 the World Health Organization (WHO), National

Cholesterol Education Program Adult Treatment Panel 1 (NCEP/ATP ITI) and the International Diabetes Federation (IDF).
WHO criteria

Impaired glmmpalaﬁmidmﬁﬁcdbymoﬁhe following:
* Type 2 diabetes
* Impaired fasting glucose

* Impaired glucose tolerance
* Lowest quartile glucose uptake under hyperinsulinemic
cuglycaemic conditions -
" NCEP/ATP INi criteria
Any three of the following:
+ Fasting plasma elucose=35.6 mmol1.
* Blood pressure= 130/85 or anuhypertensive medication
4 Trglycerides=1_7 mmol/L or specific drug treatmén;
* HDL cholesterol < .0 mmol/L in men, < 1.3 mmol/L. in
women or specific drug treatment
* Waist arcumference= 102 €m in men, =88 cm in women
IDF criteria
* Waist=94 cm in men, >80 ©m in women'

evaluate for alcoho] abuse and graded on the number
of positive answers 1o the four questions (Cut down,
Annoyance, Guilr, Eye-opener) [29]). Level of
education was grouped into high (=13 school years
Or university), medium (10-12 years), and Jow (9

time, and stratified into four groups: at least twice/
week, once/week, “now and then”, and “never”,

Univariate and logistic  regression

The protocol was approved by the Research Ethics
Committee of Umes University and alj Participants
gave informed consent.

respectively, at follow—up‘ There were 594 subjects
with obesity and also one trait out of dysglycemia,
hypertension, or hypenn’glyceridcmia. This could

'If BMI is =30, central obesity can be assumed and wais; circumference need not be measured. ’In clinical practice, j
tolerance (IGT) is also accepted. Prevalences including IGT can be added as supplementary findings

. Tﬁgiycnidcs?l.'!mmoﬂ.andfor HDL cholesterol < 0.9 mmol/
L 1 men, <1.0mov1,hwomm
= BMI=30 and/or waist-hip ratio >0.9 in men, >0.85 in women
= Unnary albumin=20 Jg/min or albumin:creatinine ratio=
30 mg/g -

Plus any two of the following:

Blood pressure= 130/85 and/or antihypertensive medication

* Tnglycerides=1 7 mmol/L. or medication

Fasung plasma glucose= 5.6 mmol/1.2 or Previously known
diabetes

have added at maximum 3.6% o the MerSy
prevalence, provided alj of them also had low HDI.

daily smokers ar follow-up. The use of snus, mainly
low-grade consumption, increased with a pear
doubling among women from 3.1% o0 6.0%.

reported never exercising Increased, as well as the
reporting exercising ar Jeas; wice g
Women reported signiﬁcanl]y more,
and men signjﬁcantly fewer alcohol problems gap
follow-up.

The results of bivariate ang multivariage regres-
sion analyses are given in Table 117 All evaluated
lifestyle facrors were signiﬁcantly associated with the
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Table 1. Chinical charactenstics for women and men at baseline and 10-ycar follow-up. Mean +SD or numbers of observations and

frequency are given.

Women n=8,800 Men n=7,602
Baseline Follow-up Baseline Follow-up

Age, years 416476 51.147.6 41.247.7 512+7.7

Metabolic syndr IDF n (%) 311 (3.5) 940 (10.7) <0.001 276 (3.6) 864 (11.2) <0.001
Metabolic syndr WHO n (%) 158 (1.8) 768 (8.7) <0.001 140 (1.8) 836 (10.9) <0.001
Body mass index (kg/m?) 24.4+39 260+4.6 <0.001 25.5+3.1 266+3.7 <0.001
Triglycerides {mmol/L) 1.240.7 13408 <0.001 15+1.0 15+0.9 0.743
Cholesterol (mmol/L) 5.37+1.12 5.42+1.06 <0.001 5.62+1.21 5.43+1.06 <0.001
HDL cholesicrol' (mmol/1) 1.5+1.0 14406 0.152 15424 1.1+05 0.001
Lipid-lowering drug n (%) 11 (0.1) 261 (3.0) <0.001 32 (0.4) 374 (4.9) <0.001
Systolic BP (mmHg) 120.5+15.0 12p.5+18.7 <0.001 12534138 128.9416.8 <0.001
Diastolic' BP (mmHg) 75.64 10.1 76.4+10.5 <0.001 78.5+10.0 79.6+11.4 <0.001
Antihypertensive drug n (%) 417 (4.7) 1352 (15.4) <0.001 261 (3.4) 1015 {13.2) <0.001
Fasting P-glucose' (mmol/1.) < 5.140.7 561009 <0.001 52+0.8 58+1.3 <0.001
2-hour P-glucose® (mmol/L) 6.6+1.4 70416 <0.001 59+1.4 6.641.7 <0.001
Ex-smoker n (%) 1502 (17.1) 1933 (22.0) <0.001 1709 (22.2) 1989 (25.9) <0.001
Daily smoker n (%) 1957 (22.2) 1374 (15.6) <0.001 1418 (18.4) 978 (12.7) <0.001
Snus <4 cans/week n (%) 238(2.7) 454 (5.2) <0.001 1449 (18.9) 1487 (19.3) <0.001
Snus >4 cans/week n(%) 32 (0.4) 68 (0.8) <0.001 438 (5.7) 532 (6.9) <0.00]
Physically inactive® » (%) 3147 (37.4) 3677 (43.7) <0.001 2797 (37.9) 3365 (45.6) <0.001
Physically active* n (%) 990 (11.8) 1513(18.0) <0.001 1143 (15.5) 1380 (18.7) <0.001
Alcohol® n (%) 180 (2.0) 216 (2.8) <0.001 727 (9.4) 694 (9.0) <0.001
Family history® n (%) 1336 (32.1) 1609 (38.7) <0.001 1032 (28.8) 1233 (34.4) <0.001

IDF=Internanional Diabetes Federation. WHO=World Health Organization. 'Frequency missing data among women and men at baseline
87.9 and 86.2% respectively, at follow-up 75.2 and 71.4% respectuively. *“Measured on capillary plasma at an oral glucose tolerance test.
*Exercise/training in leisure time: never. *Exercise/training: at least twice a week. *Cage questionnaire: Answered yes on at least two of the
four questions. ®Family history of cardiovascular disease or/and diabetes in first-degree relatives

MetSy according to the IDF definition. The odds
ratio (OR) for family history of CVD and/or diabetes
was 1.4 (CI 95% 1.29-1.59). The Cage question-
naire on alcohol habits showed a trend with
increasing ORs with number of positive answers 10
the four questions. Ex-smoking, daily smoking, and
consumption of >4 cans of snus/week were sig-
nificantly associated with MetSy in univariate
analysis, but only ex-smoking and high snus con-
sumption contributed to the muluvariate model.
When the analyses were repeated using the WHO
definition of MetSy, results were similar (data not
shown). In additional analyses the original variable
on snus use was applied with never use of snus as
reference. Both in the bivanate and the full model
there were significant ORs only for high doses of
snus, in the muluvariate model 1.5 (1.13-2.10) for
consumption of 5-6 cans/week and 2.0 (1.20-3.39)
for=7cans/week and all other ORs were unchanged.

We also evaluated possible associations of lifestyle
factors with the separate components of the meta-
bolic syndrome, 1.e. according to the IDF definition,
with adjustment for age, sex, educational level, Cage
questionnaire, exercise habits, and family history of

BE3

CVD and/or diabetes (Table IV). In this multi-
variate analysis daily smoking was not associated
with obesity, while there seemed to be a decreased
risk of hypertension and increased risk of the other
components. We found increased ORs among ex-
smokers for all MetSy components except low HDI.
cholesterol. Any use of snus was associated with
hypertriglyceridemia and high snus consumption
was associated with obesity. Further adjustment
with BMI at baseline and BMI at follow-up in the
multivariate analysis with hypertriglyceridemia as
outcome showed excess risk for ex-smoking, daily
smoking, low-dose and high-dose snus consumption
with ORs 1.2 (1.10-1.35), 1.6 (1.48-1.81), 1.2
(1.06-1.37) and 1.4 (1.16-1.78) respectively.

Discussion

To our knowledge, this large-scale longitudinal
panel study is the first study 1o show an independent
association between metabolic syndrome and high
snus consumption, even when controlling for smok-
ing. However, we could not demonstrate an impact
of snus on each of the separate features of metabolic
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Table I11. Bivariare regression analyses for lifestyle risk factors at baseline with the outcome metabolic syndrome at follow-up. !

MetSy at follow-up n Univanate model Multivariate model

Risk factors art baseline Yes No OR CI (95%) OR CI (95%)
Education
High 248 3,534 1.0
Medium 922 7,557 1.8 1.53-2.05 1.7 1.43-1.92
Low 586 3,342 2.5 2.10-2.87 2.2 1.91-263
Alcohol problem? (4 questions) -
No 1,563 12,696 1.0
1 yes 134 1,192 1.0 0.80-1.17 1.0 081-1.19
2 yes 73 583 1.1 0.84-1.40 1.1 0.85-1.42
3 yes 24 160 1.3‘. 0.86-2.05 1.2 : 0.74-1.83
dyes 12 55 1.9 1.00-3.51 14 058 268
At least twice a week 182 1977 1.0
Oncefweek 276 3136 0.9 0.76-1.13 1.0 0.79-1.17
Now and then 503 3861 1.4 1.16-1.65 1.4 1.14-1.64
Never 764 5245 1.5 1.29-1.82 1.5 1.22-1.73
Smoking
Non-smoking 988 8918 1.0
Ex-smoker 416 2795 1.3 1.18-1.51 1.2 1.06-1.38
Daily smoking 402 2973 1.2 1.06-1.35 1.0 0.89-1.16
Swedish moist snuff, snus
No use 1498 12,344 1.0
<4 cans/weck 174 1516 1.1 0.90-1.27 1.0 0.85-1.22
>4 cans/week 74 396 1.8 1.36-2.30 1.6 1.26-2.15

"The analyses were adjusted for age, sex, and family history of CVD and/or diabetes in first-degree relatives ar follow-up. Staustically
significant findings are shown in bold. “Cage questionnaire,

syndrome. There was an independent association
between high, but not low, snus consumption and
obesity development [17]. Second, there was a
significant and dose-dependent associarion between
the use of snus at baseline and hypertriglyceridemia
after 10 years. Lastly, high-dose snus consumption
was associated with hypertension although this did
not reach statistical significance. In contrast, we
could not demonstrate a link to dysregulation of

glucose or HDL cholesterol. Our results are similar
to a recent cross-sectional study that showed a dose-
dependent association between smoking and MerSy
and hypertﬁglyccridemia, low HDL cholesterol, and
abdominal obesity [30]. Our results also support
previous findings of associations berween family
history of CVD and diabetes, educational level,
physical inactivity, and smoking with metabolic
syndrome.

Table IV. Odds ratios (95% confidence mtervals) for smoking and snus consum

ption in multivariate regression analyses with the
components of the metabolic syndrome as outcomes.

OR of components of Metabolic Syndrome ar 10-year follow-up

Risk factors

f- P-glucose=5.6 or Low HDL Body mass

at baseline’ diabetes? Tnglycerides=>1.7 cholesterol® Hypentension* index= 30
Smoking

Ex-smoker 1.2 (1.15-1.35) 1.3 (1.16 1.41) 1.1 (1.00-1.27) 12(1.07-1.27) 1.2 (1.04-1.30)

Daily smoking 1.3 (1.23-1.45) 1.6 (1.43 1.73) 1.2 (1.07-1.35) 0.8 (0.75-0.89) 1.1 (0.98-1.23)
Use of snus

<4 cans/weck 1.0 (0.86-1.08) 1.2 (1.05-1.35) 1.0 (0.86 1.18) 0.9 (0.84-1.05) 1.0 (0.88-1.20)

>4 cans/week 0.8 (0.69-1.02) 1.6 (1.30 1.95) 1.1 (0.82-1.42) 12(0.99-1.46) 1.7 (1.36-2.18)

The merabolic syndrome was defined according to the International Diabetes Fed
references with OR 1.0. Multivanate regres
physical actviry/exerase in le1sure ume,
are shown in bold. 2Fasring plasma gluc
HDL < 1.29 mmol/L

sion analyses were adjusted for age,
and famuly history in first -degree relatives of
0se=5.6 mmoll. or diabe
m women or hpid-lowening medication.

37

sex, educational

level, alcohol use by
CVD and/or diabetes. Stausncall
tes known before the health survey. *HDL cholester
“Blood pressure= 130/85 mmHg or ong

cravon (IDF). "Non-smoking and no use of snus are
Cage questionnaire,
y significang findings
0l<1.03 in men and
oing anthypertensive medication,
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Our results agree with several previous studies
showing associations berween snus and MetSy
components of obesity [17,21], hypertriglyceridemia
[15] and hypertension [21]. Dose-response relation-
ships between snus and metabolic parameters, as
indicated by our results, might explain why previous
studies with smaller sample sizes or samples that did
not dose-stratify have failed to show associauons
[16] or have shown non-significant trends [14,31]. A
dose-dependent effect from snus is supported by
animal studies, which show that high doses of
nicotine induce lipolysis in adipose tssue, leading
to increased levels ¢f free farty acids, thereby causing
increased levels of triglycerides by the production of
very low-density lipoproteins in the liver [25]. Snus
may cause impaired endothelial function (18] and
thereby further increase cardiovascular risks. This
effect and a hypertensive effect have also been
suggested as explanations of adverse pregnancy
outcomes in snuff users [32]. However, our study
can not explain the mechanism of the dysmetabolic
effects, particularly at high doses, from snus. In
addition to a direct effect from nicotine, or any other
chemical substance in snus, the usc of snus might
also be a marker of other unhealthy behaviours, e.g.
food or alcohol habits, as has previously been shown
for smoking [33].

Studies on snus and disease outcomes, particularly
cardiovascular disease and diabetes, have shown
inconsistent results [13,19,20,22,23]. This might be
attributed to methodological problems. The large
study by Bolinder showed a significant excess risk of
cardiovascular disease in snus users compared with
non-users of tobacco, but a significantly lower risk
than that of smokers [19]. That study has been
criticized as it was not adjusted for alcohol con-
sumption and cholesterol. In the studies by
Huhtasaari and Asplund [20,22] the snuff-using
group was confounded by ex-smokers. In a recent
study on myocardial infarcuon by Hergens the
analysis was based on very few cases of former
(n=7) or current (n=10) snuff users not being
former or current smokers. Similar concerns can
be raised regarding recent studies on diabetes risk
and snus [13,23] although the study by Eliasson
also had a prospective longitudinal observational
design.

In this study we did not stratify smokers by
number of cigarettes smoked. However, it is shown
that ex-smokers have higher and smokers have lower
BMI than non-smokers, and that smokers have a
more central fat distribution than non-smokers, with
higher waist the more smoked cigarettes (pack years)
(34]. Visceral fat has more adverse metabolic effects
(5] and this might explain why dally smoking,

although not significantly associated with obesity,
affected the other components of MetSy in different
directions, i.e. increased risk of dysglycemia, hyper-
triglyceridemia, and low HDL cholesterol and
reduced risk of hypertension (see Table IV). These
findings support other studies [30], and might
explain why we did not find any independent
association between daily smoking and MetSy. Ex-
smoking, on the other hand, was independently
associated with obesity and this might explain the
association with MetsSy and its components.

The study should be interpreted with some
methodological issues in mind. First it hag the
strength that it is population-based, large, and
longitudinal. Because it is prospective there 1s no
issue of recall bias in the evaluation of the long-term
lifestyle habits. One weakness is that we were not
able to evaluate alcohol consumption objectively,
but were dependent on self-report. The Cage
questionnaire is only able to evaluate problems from
alcohol abuse. We could not evaluate social condi-
tions in terms of economic situation Or occupation
but education should be relevant as a socioeconomic
measure.

According to the IDF definition we assumed
central obesity when BMI was=30 and did not
include the waist. Therefore subjects with BMI < 30
with central obesity and MetSy were missed. VIP has
been launched as an intervention programme and
therefore subjects who already have established
contact with a physician or have a disease might be
less prone to participate in the health survey, leading
to a possible selection towards a healthy population
and contributing to the considerably lower preva-
lence of MetSy as compared with other studies [2].
However this should not weaken the results with
regard to possible effects from snus and other
variables, as the effects on less healthy populations
probably should be at least as large. The missing
values of HDL cholesterol could also to some extent
explain the comparatively low prevalences for MetSy
in this study.

MetSy includes several single risk factors and this
might be especially relevant to snus since it appears
to be a product that has the potential to influence
several biological metabolic systems. We consider
MetSy to be a clinically relevant outcome for
research on effects of snus. MetSy is also applicable
in the clinical setting because it enables us to focus
on individuals at high risk of CVD with multiple
possible ways to intervene [4,5]. In our study, the
results were essentially the same irrespective of
whether the IDF or the WHO definition of MetSy
was applied. Therefore it should be possible to
gencralize our results to cardiovascular morbidity

G#s
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and mortality as is shown for MetSy by the WHO
definition [2). However, more research is needed to
explore the possible role of snus in CVD and
diabetes. Both longitudinal studies and experimental
mechanistic studies would shed needed light on this

greater than that of snus, further large studies are
needed to separate Ppotential snus effects, at different
doses, from effects of smoking and other lifestyle
habits. Even if Snug carries a smaller individual risk
than smoking, from a public health perspective the
rapidly increasing use of snus, in both men and
women and particularly in the younger subgroups of
the population, must be scen as a highly relevant
concern.

In summary, in addition to the well-known health
risks of cigarette smoking and physical inactivity,
high doses of Snus increase the risk of metabolic
syndrome. Snus has the greatest effect on obesity
and hypertriglyceridemia but may also increase risk
of hypertension. This is an important public health
issue, at least in societies with widespread snus use.

declaring snus harmless in respect of MetSy with
subsequent risk of CVD and diabetes,
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Relatmnshlp between semen quality and tobacco
chewing in men undergoing infertility evaluation
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of Indian mien is addicted to tobacco chewing. The
'tohcco chewing in lhese hdlan mm—who were
Desi ¥ Retrospecuve smd :
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by a variety of ]Jestyfe haans that include tobacco use. A large population

fiw Sy 2

“objective of our study was to assess the relationship between
pag:_-of_ma infertile couple—ind their sperm characteristics.

Pauenl[s), Six hundred ilurly—e:ghl male panems underg mgmfem]uy evaluations were grouped according to the
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/- 0 = 177), moderate (36 times/day, n = 264),

lr,n_ i, mouluy. morphology, and wviability).

morphology, and- percentage \(labihl.y were significantly

uderaw group vs. the severe: group The pcrcentagc
1%, 3%, and 14%) as did the percentage of men-with
: Lhe-d_:fferenccs were not statistically significant,

1p of Indian men who were undergoing mfcmhty
ty*:md 10 a lesser axlent with ohgoasthenom-
about the adverse effects of tobacco chewing ‘on
merican Society for Reproductive Medicine.)

Tobacco chewing constitutes one of the forms of smokeless
tobacco. In the United States, smokeless tobacco consump-
tion has increased threefold, and manufacturing output grew
8 years in a row as reported by the United States Department
of Agniculture in 1993. Estimates of smokeless tobacco users
in the United States range from 6 million to 22 million (1).
A national survey conducted on 5,894 college and university
students from different regions of the United States revealed
that 8%—15% of the students used smokeless tobacco (2).
Moreover, a recent study has idenuified that 14.8% of male
high school students in the United States were current users
in 2001 (3).

The habit appears to be very common among specific
population groups. As an example, lower-income black and
white men regularly chew tobacco more so than upper-
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income classes (4). The habit also appears to be common in
young amateur and professional baseball athletes (5) and in
other parts of the world, such as India, China. and the
southeast Asia region (6). In India, chewing tobacco is
systematically associated with socioeconomic markers at the
individual and household level. Individuals with no educa-
tion are 2.69 times more likely to smoke and chew tobacco
than those with a postgraduate education (7).

In general, smokeless tobacco is substantially less harmful
than smoking (8). A meta-analysis showed that tobacco
chewing increases the risk of respiratory tract cancers min-
imally (9). It is also true that tobacco chewing is associated
with a lower risk for adverse cardiovascular effects than is
smoking (10). However, the habit has been strongly associated
with oral malignant diseases and is considered the most 1mpor-
tant nsk factor for multiple oral premalignant lesions (11).

Several carcinogens have been identified in smokeless
tobacco; the tobacco-specific N-nitrosamine (TSNA), N'-
nitrosonornicotine (NNN), and 4-(methylnitrosamino)-1-(3
pyridyl)-1-butanone (NNK) are the most important. NNN
and NNK are formed from nicotine during curing, aging, and
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cspccia‘ily during fermentation (12). Other compom{ds, such as
3—mcthylnitrosaminopmpi0naldchydc (MNPA), negatively af-
fect DNA by causing single-strand breaks and protein cross-
links (13).

The relationship between tobacco consumption and male
infertility remains controversial. A number of studies have
shown that smoking detrimentally affects sperm concentra-
tion, motility, and morphology and damages DNA (14-17).
In addition, cigaretie smoking has been correlated with poor
sperm function (18, 19). On the other hand, a handful of
studies have found no association between smoking and
sperm quality (20, 21) or sperm function (22).

An increasing number of reports suggest that chemical
and physical agents in the environment may affect male
fertility in humans. Scientific and public concern exists about
the potential reproductive health effects of tobacco con-
sumption. Little is known about the effect of tobacco chew-
ing on male reproduction. Thus, the objective of our study
was 1o evaluate the relationship between tobacco chewing
and sperm quality in male partners of infertile couples un-
dergoing infertility evaluation.

MATERIALS AND METHODS

The medical charts of patients attending the infertility clinic
at the Karthekeya Medical Rescarch and Diagnostic Center
in Mumbai, India, were reviewed. Our study included 638
male partners of infertile couples undergoing infertility eval-
uation from November 1998 1o December 2003. Al partic-
ipants provided informed consent.

The patients’ ages ranged from 18 to 40 years. All had a
history of tobacco chewing of 4-10 years® duration but no
other relevant social habits. Patients were grouped according
1o the frequency of their habit of tobacco chewing: mild (<3
times/day, n 177), moderate (3-6 umes/day, n = 264),
and severe (>6 times/day, n = 197). Semen analysis was
performed manually according to the World Health Organi-
zanon (WHO) standard guidelines. Azoospermia was diag
nosed if sperm were completely absent in the ejaculate:
oligozoospermia if sperm concentration was <20 X 10%mL.:

Said et al.
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001 was considered significapt using one-way ANOVA i

mild group; ® moderate group; © severe group.

/
asthenozoospermia if <50% of sperm were progressively

motile; and teratozoospermia if >30% of sperm had abnor-
mal forms (23).

Statistical Analysis

Comparisons between the three groups were performed using
one-way analysis of variance (ANOVA), and unpaired 7 test
Wwas used for comparisons between two groups. All hypothesis
lesting was two-tailed with a significance level of 5. Calcu-

RESULTS

Sperm parameters were significantly higher in samples from
men in the mild group compared 10 moderate, and in the
moderate compared to the severely addicted group (Table 1).
Semen samples from men with a mild tobacco chewing habii
had normal sperm count, motility, morphology, and viability
according to the WHO standards (23). On the other hand,
samples from men in the moderate and severe groups were
characterized by leratozoospermia (Fig. 1).

The percentage of azoospermia observed in the mild,
moderate, and severe tobacco chewing groups was 1% (2/
177), 3% (8/264), and 14% (28/197), respectively, indicating
an increase in prevalence in the severely addicted group.

The incidence of oligoaslhcnolemlozoospermja (OAT)
showed an increasmg trend from mild (2%) 10 moderate (8%)
10 severe addiction (29%). The incidence of OAT was highly
significant in the severely addicted £Toup as compared 10 mild
and moderate users. Within semen samples characterized by
OAT, we were able to detect lower values in men with a severe
tobacco chewing habit compared to those with a moderate habit
as regards sperm motility (P=.03) and morphology (P= (5)
(Table 2). No comparisons were made with the mild tobacco

When men with normal sperm count, motility, and viabil-
1y from the three study groups were Compared, the values of

Vol 84, No. 3, September 2005
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LGURE 1

| Companson of sperm parameters in semen samples collected from mild, moderate, and severe tobacco

i chewing groups. Values are expressed as mean + standard deviation. Using unpaired t test, P<.0001 was

| considered significant compared to *mild group and to 'moderate group.
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sperm parameters were significantly lower in the men with a
severe tobacco chewing habit versus the moderate group and
in the moderate versus the mild group. The presence of
normal sperm count. motility, and viability was associated
with normal sperm morphology in the mild tobacco chewing
group. In contrast, samples with normal sperm count, motil-
ity, and viability were characterized by teratozoospermia in
the moderate and severe tobacco chewing groups (Table 3).

| TABLE 2

B Mild Group (1=177) 1
i Moderate Group (n=264) |
B Severe Group (n=197) 5
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DISCUSSION

Regardless of how tobacco i1s consumed, its adverse effects
on discase and mortality rates are clear. The use of smoke-
less tobacco products is associated with gum recession,
leukoplakia, nicotine addiction, increased cardiovascular
discase mortality, and cancers of the oral cavity, larynx, and
pharynx (24). Furthermore, smokeless tobacco is highly
addictive (25).

| Comparison of sperm parameters in samples characterized with. olsgoastheno-teratozoospenma
fr

om moderate and severe tobacco chewmg groups.

: Parameter Moderate group (n = 22) Severe group (n = 49) P value®
| Sperm count (10%mlL) 462 +1.9 4.08 2,54 87 |
| Motility (%) 32,27 + 7.33 25.88 + 12.93 03 :-
Morphology (% normal) 7.63+23 6.43 =+ 3.06 05
 Viability (%) 35.72 + 6.98 - 30:84 = 10.72 1 '

Note: Values are expressed as mean
A P<.05 considered significant using unpaired t test.
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Our study reports, for the first time, a significant decreate
in semen quality (sperm count, motility, morphology, and
viability) associated with a chewing tobacco habit in men
undergoing nfertility evaluation. No significant changes in
Sperm parameters were observed in the men with a mild
habit compared to normal standard WHO values,

Our results contradict the finding of another study that
consisted of 119 tobacco chewers. In that study, no signifi-
cant difference was found in Sperm parameters between
tobacco consumers and nonusers (20). Our study included a
much larger number of patients (n = 638), which may be the
reason we were able to detect more significant differences.
Also, we chose 10 demonstrate the effect of tobacco chewin 2
by comparing patients according to their rate of consump-
tion. The other study compared tobacco chewers 1o infertile
men who were nonusers. However, one limitation of our
study may be the lack of information regarding the exact
ctiology of infertility in these patients.

Chronic systemic €xposure to nicotine could contribute to
accelerated coronary artery disease, acute cardiac ischemic
events, and hypertension (26). In the context of male infer-
tility, nicotine is absorbed in substantial quantities as a result
of tobacco chewing and could contribute to the adverse
consequences of this habit. Experiments using murine mod-
els have documented virulent inflammatory reaction and
marked ultrastructural changes in the testes of animals ex-
posed to nicotine (27, 28). In addition, levels of nicotine and
its major metabolites cotinine and trans-3"-hydroxycotinine
in human seminal plasma negatively correlated with sperm
parameters (5). However, further studies are needed to sub-
stantiate the impact of nicotine on spermatogenesis,

Men addicted to tobacco chewing also have the least
access to infertility medical services. Therefore, prevention
and cessation programs should be directed towards specific
high-risk groups. Strategies should be developed to direct the
attention of the general public towards the possible relation-
ship between tobacco chewing and the incidence of male
infertility. In addition, infertile men who have a habit of
tobacco chewing should be advised about the potential ad-
verse effects of their habit on sperm quality.,

Said et al
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Mean * standard deviation. P<
compared to: ® mild group; ® moderate group; © severe group
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Tobacco smoking and chewing as risk factors for multiple human

papillomavirus infections and cervical squamous intraepithelial lesions intwo =
Countries (Céte d'lvoire and Finland) with different tobacco exposure.

Simen-Kapeu A, La Ruche G. Kataja V. Yliskoski M, Bergeron C_.Horo A, Syrjanen K, Saarikoski S, Lehtinen M,

Dabis F, Sasco AJ.

kapeu_aline@yahoo fr

Abstract

tobacco chewing (2.6%) was more ¢ommon than tobacco Smoking (1.4%). Having multiple HPV infections was
common in HPV16 and/or 18-infected women (60.4% in Finlang and 47 2% in Céte d'lvoire). There Was no increased
risk of multiple HPY infections among tobacco consumers. We found that women >0r=30 years of age exposed to

tobacco through smoking in Finland (OR: 2.2, 95% C)- 0.5-8.7) and chewing in Céte d'lvoire (OR: 5.5, 95% CI: 2 1.
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ABSTRACT

i
i

i
Background: Use of ‘Mishri’ (Tobacco containing teeth cleaning powder) is common in the central and southern part of India
Objectives: To study the effects of Mishri use on the fetus during pregnancy and the perinatal outcome, and stopping its use.
Materials and Methods: All apparently healthy pregnant women were enrolled at 20 weeks of gestation from rural M aharasht ra,
India. Information related to use and giving up of Mishri, previous obstetrical history, current pregnancy, delivery and outcome
during the perinatal period were recorded. Appropriate tests of significance were applied. Results: Out of 705 enrolled pregnant
women, 218 (30.9%) were using Mishri. The proportion of women with complications during the previous perinatal period,
complaints and complications during the current pregnancy/delivery and the number of stillbirths were significantly more among
Mishn users. A relative nisk of abnormal delivery was 2.7 for the users. In spite of counseling, 153 women never stopped the use
of Mishri and gave birth to babies weighing on an average 169.9 gm less (statistically significant) than babies born from the group
that never used it. Babies of 28.8% who stopped/reduced consumption of Mishri were significantly benefited. Conclusions: The

improvement seen in babies born to 28 8% mothers whe

pped/reduced consumption of Mishn by 32 weeks during the current

pregnancy is of paramount importance in the devel&%ﬁg world for primary prevention of low birth weight.

Key words: Smokeless Tobacco, perinatal outcome,j,Mishn - l%acco containing teeth cleaning powder, stopping

consumption of tobacco

Introduction

Although smoking by women is not well accepted in
Indian society, consumption of smokeless tobacco is well
accepted, and use of Mishri (tobacco containing teeth
cleaning powder) is verv common. Various studies have
estimated the prevalence of the use of Mishri from 17 to
45% "1t is a known fact that smoking during pregnancy
leads to higher incidence of Low Birth Weight (LBW),0319
Incidence of antepartum hemorrhage, placental
abruption, placenta previa, and premature rupture of
membranes is also high in women who smoke during
pregnancy. Mishriis prepared by roasting tobacco leaves,
principal constituent being alkaloid nicotine in 1 to 7%

The roasted tobacco leaves are powered and it is known
by various names like ‘Mishri,” ‘Masherior,” 'Misheri’. It
is mainly a homemade preparation, but is also available
in the market under different names. It does not contain
anything other than tobacco leaves.

Addres s“fa orrespondence:

E{;;ﬁi&omidering a high prevalence of Mishri use by women

and the possible harmful effects on the growing fetus, a
study was planned on the use of smokeless tobacco by
pregnant mothers and its effect on the baby.

This project received financial support from the Ministry
of Health and Family Welfare, Government of India.

Materials and Methods

A community-based interventional study was started in
the Primary Health Centers, ‘Kunjirwadi’ and  Yawat’ of
Pune District, in the rural areas of Maharashtra, India.

All apparently healthy pregnant women of 20 weeks
gestation were enrolled. Any woman with any known
major illness, multiple pregnancies, as well as those who
had planned their delivery outside the study area were
excluded from the study. Thus a total of 705 eligible
pregnant women were enrolled for the study from Mach
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2003 till July 2005, for a period of 29 months and followed
up till December 2005 {i e, till the last enrolled woman
delivered). Modular training of two days was given to
all health workers explaining the ill effects of tobacco.

A group meeting was organized in every village and
hamlet and women folk were explained the purpose of
study and the methodology. A written consent was taken
from all the eligible pregnant women in the vernacular
language before collecting information. If a woman did
notattend the antenatal clinic, antenatal care was given
athome and consent was taken at home after explanation
similar to the one given in the 8roup meeting.

/
In addition to routine antenatal care (ANC), all pregnant
Women were motivated to give up the use of Mishri for
the benefit of the growing fetus.

Counseling about the ill effects of tobacco on the health
of the woman and her growing fetus was undertaken
every time the woman was examined antenatally either
at the clinic or at home, Every pregnant woman using
"Mishri” had a minimum of three such sessions.

All information related to the use of Mishri,
obstetrical history, current pregnancy, and the'deliv,
and its outcome, during the perinatal period, were
recorded on a pretested proforma. Information about
the duration and frequency of the use of Mi hri was
collected. It was not possible to measure the am, Junt of
‘Mishri’ consumed by each mother, but it was possible

_'_E-'

by applying appropriate tests of significance.

Results

In all 705 pregnant women were enrolled from March
2003 to July 2005 and followed up from 20 weeks of

362 from PHC Yawat Out of them 218 (30.9%) were using
tobacco containing teeth cleaning powder (Mishri) and
487 (69.1%) did not use tobacco in any form. The profiles
of pregnant women using Mishri and not using Mishri
are given in Taple 1.

Biologically predisposing factors such as maternal age
less than 20 years, primi parity, and maternal weight less
than 45 kg at 28 weeks, were significantly higher among
the nonuser group. In spite of this, significantly higher
low birth weight babies were seenin users as com pared
to nonusers.

Factors such as occupation of wife, per Capita income,
caloric and protein intake during Pregnancy, inter-
pregnancy interval, maternal height, maternal
hemoglobin level, and sex of the newborn were

© comparable in the two groups.

L§0n|y one sociocultural risk factor that was significantly
Fhigher among the user group was illiteracy.

to recognize whether she had stopped using ‘Mish&25 1t v as seen that the rate of complications during the

completely or reduced the frequency of its use. Those
who never used Mishri were graded as having no
exposure, those who stopped at 28 weeks as having low
exposure, those who stopped at 32 weeks or reduced
frequency of use as moderate exposure, and those who
did not change their habit as high exposure, as they were
a hard core group and so addicted that they could not
reduce or give up the use of tobacco. Analysis was done

Table 1: Comparison of profiles of Mishri users and non users
Characteristics

_ Mishri users (n = 218) _

It was evident that women using Mishri had significantly

__Non users (n = 487)

- No. % No. %
Maternal age < 20 years 61 28 179 36.8 24 < 0.05°
Parity | 57 261 175 359 26 < 0.05°
Inter-pregnancy interval < 24 months 36 223 72 231 0.2 > 0.05
Occupation of wife as housewife 194 88.9 438 89.9 04 >0.05
llliteracy 67 30.7 44 9.0 6.5 < 0.05*
Per capita incorne < Rs_ 500 per month 142 65.1 316 64.9 0.05 > 0.05
Caloric intake < 1500 calories/day 86 395 180 36.9 06 > 0.05
Protein intake < 40g/day 201 922 414 906 06 > 0.05
Maternal height < 145 cm 43 197 93 19.1 0.2 > 0.05
Matemal weight at 28 weeks < 45 kg 67 307 186 382 20 < 0.05°
MuomsiHo<Bg 2 Lo 42 8.6 0.6 >0.05

"Statsicaily sigruhcant
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higher untoward outcomes in the current pregnancy than
the non-Mishri users. The proportion of women having
complaints during pregnancy, complications during
delivery, proportion of low birth weight babies, and
stillbirths [Table 3] were significantly higher among the
Mishri users as compared to the non-users.

Out of a total 705 women enrolled in this study, 176
(25%) women had one or the other complaint during
the present pregnancy, common ones being anorexia,
nausea, vomiting, weakness, swelling over legs, low
backache, acidity, white discharge, giddiness, and so
on. The proportion of women having complaints was
higher in the users 65 (29.8%) thap in the non-users 111
(22.8%), and this difference was statistically significant.
(%? =3.9; P<0.05)

The rate of all the complications, except oligohydramnios,
was higher in users (21.1%) than in non-users {8.6%)
[Table 4]. Fetal distress was the most common and

significant complication that was seen in 31 (14.2%)
users and 30 (6.1%) nonusers. The relative risk of 5.5
was significant and the highest for pregnancy-induced
hypertension.

A higher proportion of nonusers (96.1%) had a normal
vaginal delivery as compared to users (89.4%). There
were 23 (10.6%) operative deliveries among the Mishri
users as compared to 19 (3.9%) among the nonusers. This
difference was statistically significant (X*=10.1, P < 0.05),
the relative risk of 6perative delivery (forceps, ventouse,
LSCS) for Mishri users was 2.7, with a confidence interval
of 1.46 to 27.94.

Duration of use of & 2 years (22%) was associated with
significantly higher (Z=2.63) mean birth weights (2698.5 g)
than those who used it for six years or more (31 7%), with
mean birth weights of (2570.1g). Those who used it for more
than two years, but less than 6 years (46.3%) did not differ
significantly from its use of a shorter or longer duration.

Table 2: Previous perinatal history among Mishri users and non users

Obstetrical history Users Non users RR* 95% CI** for
..(n=218) (n = 487) R.R. 95% CI
NoP “H0if . % ~ No. %
H/O Spontaneous abortion 96 1.5 31 6.3 0.84-2.67
H/O LBW 24 1 21 25 5.1 1.17-3.77*
H/O Prematurity 14 22 14 28 1.03-4.69"*
H/O Early neonatal deaths 4 w 18 22 4 0.8 0.55-8.88
H/O PPH 1 8 04 22 1 0.2 0.14-16.06
“AR Relative nsk_ **Confidence Interval, *~*Statistcally signdicant "; J—
Table 3: Current pregnancy outcome and Mishri use
Characteristics Mishsri users (n = 218) Non users (n = 487) © P value
~ No. % No. %
Complaints during pregnancy 65 298 11 228 39 <0.05°
Complications dunng pregnancy 46 211 42 86 124 <0.05°
Operative deliveries 23 106 19 39 118 <0.05"
Low birth weight 42 193 44 9.0 146 <0.05*
Preterm births 21 96 35 71 1.2 >0.05
Stillbirths 6 2.7 3 0.6 54 <0.05"
Early neonatal deaths . 8 47 8 1.7 2.9 >0.05
*Statstcally igrificant
Table 4: Complications during delivery and Mishri use
Complications during delivery _ users ~ Nonusers Relative risk 95% CI** for
No. % No. % R.R.
Fetal distress Khi 14.2 30 6.1 1.8 1.06 - 3.06**
Pregnancy induced hypertension (PIH) 5 23 2 04 55 1.06 - 28 57**
Premature rupture of membranes (PROM) 4 18 0 00 - =
Antepartum hemorrhage (APH) 3 13 5 1.0 1.3 0.30 - 5.49
Polyhydramnios 1 0.4 1 0.2 22 0.14-35.33
Oligohydramnios 0 0.0 1 0.2 -
Post partum hemorrhage (PPH) 2 09 3 0.6 1.4 0.23-844
Total 46 211 42 86 2.1 1.33-3.31

~=*Slanstcally s:greficant
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roup and exposure status %
Never used (No exposure) 487 69.1 27503 3440
Used and completely stopped at 28 weeks (Low exposure group) 29 41 27362 2723
Used and stopped at 32 weeks or reduced consumption (Moderate exposure group) 36 51 2708.8 2106
Neversbppedﬂﬁohemregmup) 153 21.7 2580.4 27586

14.7% used Mishri onl

not ass

birth weights.

Intensive health educatio
one basis, as well as gro
were used to explain the j]

reference to the growing fetus.

Out of 218 (30.9%) women us
stopped use of smokeless
gestation. Thirty-six (16.5%

Y once, 44.5% twice, 25.9% thrice,
and 17.9%, four times or more. Frequency of use was
ociated with significant differences in the mean

i

" was undertaken on a one-to-
Up counseling. Various charts
I effects of tobacco, with special

ing Mishri, only 29 (13.3%)
tobacco by 28 weeks of
) reduced consumption or

stopped at 32 weeks, and the remaining 153 (70.2%) did

not change their habit of usin

g Mishri at al).

It was seen that the mean birth weight was highest for

babies born to the ‘never u
who ‘stopped Mishri use b

sed’ group, followed by those
y 28 weeks,’

followed by those

who ‘reduced consumption or stopped its usé late in

pregnancy by 32 weeks,’ and it w
whose

Discus
The pro

30.9% is comparable to oth

Ditference in educational statys
the use of Mishri was more comm
population. The lower propor

experiencing obstetrical mish aps

as lowest in the group

;

higher proportion of tee;iage mothers.

In the present study bad obstetrical history and
complications during the current Preégnancy were
associated with current Mishri use [Tables 2-4].

Reliable information about the use of Mishri at the time
of occurrence of an untoward event in the Past was not
possible, but considering the short inler-pregnancy
interval and prolonged use of Mishri by women folk,
it was very likely that the untoward outcome in the

nd could cause Preterm deliveries and stillbirths ¢

Mishri’ use was unabated [Table 5]. There wass==

sion

portion of women using Mishri in this study of

ers studies ! 10

rage maternal weight at 28 weeks [Table 1],

was not surprising as
onamong the illiterate
tion of women, with

pProportion of women
during their previous

pregnancies. A higher Proportion of women with Jower

body m

17

ass among non-users, could

be related to the

The high proportion of operative deliveries among
Mishri users could probably be due to a higher rate of
complications during Pregnancy and delivery.

There were 4.7 early neonatal deaths in the users
as compared to 1.7% in the nonusers [Table 3]. This
difference in the proportion of early neonatal deaths
and survivors in the two groups was not significant
statistically, although smoking could increase the risk
of neonatal deaths. This was observed among babies of
smokers®™ The mean birth weight of the babies born to
unabated Mishri users was 2580.4gm. which was 169.9
g lower (slahsbcally significant) than the mean birth
weight of babies born to the “never used’ group.

There are many studies on the use of tobacco during
Pregnancy (smokable forms) and its adverse effects on the
birth weight of the baby 72 |ndian workers have found
100 - 450 g lesser valyes of mean birth weights of the
babies born to Mishr; users as compared to non-users. *£10)
Our results are in this range. There is a wide spread
belief that topical use of tobacco Improves oral hygiene,
prevents dental carries, and because the tobacco is not
swallowed there are no adverse systemic side effects. As,
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there is a social sanction for the use of tobacco in the form
of ‘Mishri’, the habit is very often inculcated by parents to
the offsprings from early childhood itself. As this practice
of the use of Mishri is deeply rooted in the families,
homemade preparations are very common. Very often
Mishri is applied more than once to the gums and teeth
and retained in the mouth for a period of 10 to 15 minutes
before it is washed, allowing absorption of a substantial
amount of active ingredients, principally nicotine.

The finding in this study that babies born to those who
reduced or stopped the use of Mishri had mean birth
weights similar to those who never used Mishri, is of
paramount importance.
i

The decreasing trend of mean birth weights with
increased exposure to Mishri is very clear and indicates
dose response. Although the actual amount of mishri
used by the pregnant women could not be measured,
grading of exposure was possible by finding out the
time of stopping or reduction in consumption of Mishri
[Table 5]. A similar observation was made among
smokers. The babies born to smokers who abstained
for the last half of the pregnancy were of the sanie birth

i

Primary prevention of the use of tobacco is definitely
desirable and is a long-term objective, although difficult
to achieve. Those who are habituated to the use of Mishri,
atleast some of them may, with intensive health education
and counseling, give it up or reduce its use ‘during
pregnancy, with a favorable outcome of pregnancy. in this

study, over 70% of the mothers using smokeless tobacco
did not respond to the health educational drive. It is not
surprising, as tobacco is a psychoactive and addiction
causing substance and it is very difficult to stop using it,
be it the smoking or the smokeless form.

Wide dissemination of knowledge and awareness
generation programs for all adolescents and women
folk in general and pregnant mothers in particular may
go a long way in reducing this dreaded habit of Mishri
use, thereby reducing the risk of low birth weight and
adverse perinatal outcome in the babies born to them.
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i

A significantly higher mean hemoglobin level in women smokers in comparison to nonsmokers with a generalized
rightward shift of the hemoglobin distribution curve has been reported at the population level. Studies on pregnant
women, however, have often associated smoking with decreased hemoglobin levels, although not consistently. We
examined whether smokeless tobacco use during pregnancy influenced hemoglobin levels in a population-based
cohort of 918 pregnant women in Mumbai, India. Mean hemoglobin levels (Hb) were significantly lower in users

(10.00 g/dl) compared with nonusers (10.46 g/dl), p<<.000.
smokeless tobacco in the univariate analysis (OR= 1.7, 95
ratios for potential confounders in multivariate analysis

Anemia (Hb<10g/dl) was significantly associated with
% CI 1.2-2.5). There was no change after adjusting odds
(OR=1.7, 95% CI 1.2-2.5). The odds ratios for anemia

were adjusted for age of mother, education, socioeconomic status, type of residence, lower body mass index, parity,
vegetarian or nonvegetarian food habit, and hemodilution during pregnancy. The results suggest that smokeless
tobacco use during pregnancy is associated with lower hemoglobin levels, as has often been observed with cigarette
smoking. Smokeless tobacco use is widely prevalent among women in Southeast Asia and is gaining popularity
across the world as a safe alternative to smoking. Further exploration and clarification of this association is

therefore of considerable importance to public health.

Introduction

Anemia in pregnancy is a common clinical problem
in many developing countries (World Health
Orgamzation [WHO], 1992). It contributes signifi-
cantly to maternal mortality and to adverse preg-
nancy outcomes (Brabin, Hakimi, & Pelletier, 2001;
Ezzati, Lopez, Dogers, Vander, & Murray, 2002;
Malhotra et al, 2002; Ronnenberg et al., 2004).
Estimates of anemia among pregnant women in
India range from 50% (International Institute for
Population Sciences, 2002) 1o about 85% (Indian
Council of Medical Research, 1989). Despite the
National Nutritional Anemia Prophylaxis
Programme operational in India since 1970, anemia

Sreevidya Subramoney, M.D., Prakash C. Gupta, D.Ph., Healis
Sckhsaria Institute for Public Health, Mumbai, India

Correspondence: Dr. Sreevidya Subramoney, 601, Great Eastern
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Mumbai 400 614, India. Tel +1 91.22-2757 487, Fax: +1 91.22-2757
1786; E-mail. sona%17@hotmail.com

In pregnant women continues 1o be a public health
challenge (Agarwal et al., 2006: Ahluwalia, 2002).

Smoking i1s known to affect hemoglobin levels.
Studies on adult women have often revealed higher
hemoglobin levels in smokers (Nordenberg, Yip, &
Binkin, 1990; Van Tiel et al., 2002: Yamada, Wong,
& Suzuki, 2003). However, studies on pregnant
women have often associated smoking with
decreased  hemoglobin  levels (Chang, O’Brien,
Nathanson, Mancini, & Witter, 2003: Strinic et al.,
2005; Wingerd, Christianson, Lovitt, & Schoen,
1976), although not consistently (Bodnar, Siega-
Riz, Arab, Chantala, & McDonald, 2004; Cope,
Nayyar, & Holder, 2001). It is entirely plausible that
smokeless tobacco use may also affect blood
hemoglobin, but we could not find any such report
in the literature. The present study examined whether
smokeless tobacco use during pregnancy influenced
hemoglobin levels in a cohort of pregnant women in
Mumbai, India.
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Method

A cohort of pregnant women was assembled in
Mumbai during 2002 1o study the effect of smokeless
tobacco use on reproductive outcomes (Gupta &
Subramoney, 2004, 2006). Recruitment was carried
out after first producing a list of all pregnant women
(on a house-to-house basis) in eight health adminis-
trative units in Mumbai. All women 3-7 months
pregnant and planning to remain in Mumbai for
delivery were considered eligible for recruitment. The
objectives and requirements for study participation
were explained to study subjects, their queries were
answered, and oral informed consent was sought.
The WHO SEARO approved the study, and field
procedures couformed 1o the guidelines laid down by
the Indian Council of Medical Research for research
on human subjects. All eligible and consenting
women from these areas (N=1,217) were mnterviewed
at their residences by trained interviewers. The
response rate from the community was 100%, as this
project was carried out in association with the local
health workers. Demographics, food ha bits, obstetric
history, and date of last menstrual period were
obtained. Detailed information was obtained on
tobacco use. Height was measured with 0.1-cm
accuracy with a measuring tape with the woman
standing in bare feet against a vertical wall. Weight
Was measured with 0.]-kg accuracy on a bathroom
weighing scale. Weight measurements were taken on
two calibrated weighing scales carried house-to-
house by two Projects interviewers. A second inter-
view by a different social worker, within a month of
recruitment, on 5% of the recruited sample, found
close to 100% agreement on major variables such as
age and tobacco use.

Antenatal records available for the women were
abstracted into structured and pilot-tested question-
naire formats, Hemoglobin measurements  were
available for 918 women; henceforth, al] analyses
pertain to these women. In India, hemoglobin during
pregnancy is generally measured during the first
antenatal visit and then ar subsequent visits if
indicated. When multiple hemoglobin measurements
were  available, hemoglobin at first visit was
recorded. No other blood parameter was abstracted.
Date at first antenatal visit was recorded.

Of the 918 women included in this analysis, 158
(17.2%) were smokeless tobacco users. None smoked
tobacco. All women who had used a smokeless
tobacco product at least once a day for the past 6
months were included as users. The most commonly
used product was mishri (n=124), a pyrolyzed and
powdered tobacco product used as a dentifrice,
followed by Gutka (n=16), an indus:rial!y manufac-
tured smokeless tobacco product containing tobacco,
areca nut, slaked lime (calcium hydroxide), condi-
ments, flavoring agents, and preservatives.

The indepcndent-samples [ test was used to
compare means. Women with a hemoglobin level
(Hb) of less than 10g/dl (n=238) were defined as
anemic. Odds ratios for anemia with smokeless
tobacco use were calculated and were adjusted for
potential confounders using logistic regression ana-
lysis. Confounders considered were age of mother
(age <20 or age =30 vs. age 20-29), education
(<10th grade vs. 10th grade or higher), parity (one or
higher), vegetarian or nonvegetarian food habit, and
underweight (body mass index [BMU<19Kg/m? vs.
BMI=19:; Table 1). Because prepregnancy weight
was not known, the gestational age at recruitment
was included in the model as a correction on the
BMIL. The type of house the woman fived in
(apartment vs. others) was considered as g proxy
for socioeconomic status. Timing of first antenatal
Visit was variable. The first antenatal Visit was
accomplished by the third month by 52% of women,
by the fifth month by 26%, and by the seventh month
for most other women (Table 1). Trimester at first
antenatal visit was included in the regression models
for adjustment of the time factor in hemoglobin
measurement.  This accounted for hemodilution
occurring during the second trimester and also for
any effect of smokeless tobacco similar to smoking.

less tobacco use.
Number of Number of
users (%) nonusers (%)
Age of mother

20-29 years 121 (76.6) 605 (79.6)

=30 years 23 (14.6) 83 (10.9)

<20 years 14 (8.9) 72 (9.5)
Educational status of mother

<10 years of education 147 (93.0) 597 (78.6)

=10 years of education 11 (7.0) 163 (21.4)
Type of housing

Mud/tin sheet 22 (13.9) 74 (9.7)

Cement sheet 50 (31.6) 248 (32.6)

Chawi 82 (51.9) 418 (55.0)

Apartment 4(2.5) 20 (2.6)
Parity

More than one pregnancy 137 (86.7) 559 (73.6)

First pregnancy 21 (13.3) 201 (26.4)
Interpregnancy interval®

<6 months 14 (10.2) 79 (14.1)

€ months to 3 years 91 (66.4) 348 (62.3)

>3 years 32 (23.49) 132 (23.6)
Body mass index

<18 kg/m? 47 (29.7) 161 (21.2)

=19 kg/m? 111 (70.3) 599 (78.8)
Food habit

Nonvegetarian 147 (93.0) 663 (87.2)

Vegelarian 11(7.0) 97 (12.8)
Trimester at first antenatal visit

First 65 (41.1) 412 (54.2)

Second or above® 93 (58.9) 348 (45.8)

Note. *For 696 women with Previous pregnancies. A total of 4%
of women had Conlacted antenatal care after the end of the
second Inimester.
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Results

Demographic and other characteristics of the women
by smokeless tobacco use status are presented in
Table 1. Of all women, 26% had Hb levels below 10 g/
dl; about 5% of all women had hemoglobin levels of
8 g/dl or lesser. Mean hemoglobin level was signifi-
cantly lower in users (10.00 g/dl) in comparison to
nonusers (10.46 g/dl), p<.000. A greater representa-
tion of smokeless tobacco users was found in those
with lower hemoglobin levels throughout the spec-
trum (Figure 1). - =

Anemia was significantly associated with smoke-
less tobacco use. Users were 1.7 times more likely to
be anemic in comparison to nonuser women
(OR=1.7, 95% CI 1.2-2.5). Smokeless tdbacco use
also was associated with lower educational status
(OR=3.6, 95% CI1.9-6.9), nonvegetarian food habit
(OR=1.95, 95% CI 1.02-3.74), and underweight
(BMI<19; OR=1.6, 95% CI=1.1-2.3). These items
were included as potential confounders in addition to
age, parnty, and other vanables.

After multivariate logistic regression analysis,
smokeless tobacco use (OR=1.7, 95% CI 1.2-2.5)
was the only significant determinant of hemoglobin
levels other than socioeconomic status, OR =2.7,
95% CI 1.2-6.3). In a linear regression with
hemoglobin level as a continuous variable, smokeless
tobacco use remained the only significant predictor
of hemoglobin levels other than SES, trimester of
measurement, and BMI. Lower mean hemoglobin
and occurrence of anemia increased with increasing
smokeless tobacco use frequencies; however, these
differences did not attain statistical significance, most
likely because of inadequate numbers.

Discussion
The results suggest that smokeless tobacco use during
pregnancy is associated with lower hemoglobin levels,

an association often observed with cigarette smoking.
However, given that this study was not undertaken
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Figure 1. Distribution of hemoglobin level by smokeless
tobacco use status.
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with the primary objective of studying the association
between hemoglobin level and smokeless tobacco use,
the finding should be considered preliminary and
subject to further clarification.

Smokeless tobacco use has been associated with
underweight, a known risk factor for anemia: the
odds ratio for a low body mass index (< 18.5) among
women using smokeless tobacco in Mumbai was 1.50
(95% CI 1.43-1.59; Pednekar, Gupta, Shukla, &
Hebert, 2006). However, the odds ratio for anemia in
this study remained significant after adjusting for low
BMI. Given the rather limited literature on smoke-
less tobacco, the literature on smoking may be
considered as a pointer to the effects that might
occur with smokeless tobacco. /

Although some studies have reported increased
hemoglobin levels with smoking during pregnancy,
evidence on the association with anemia appears to
be plausible, because of related findings in other
studies. Smoking has been associated with decreased
maternal red blood cell count and decreased mater-
nal hematocrit (Habek, Habek, Ivanisevic, &
Djelmis, 2002; Habek, Habek, Jugovic, & Salihagic,
2002). Smoking during pregnancy also has been
associated with other blood parameters that are
closely related to blood hemoglobin, such as
decreased serum vitamin B12 and maternal red blood
cell folate (Casanueva et al., 2003). The human fetus’
response to prenatal exposure to cigarette smoke
may indicate possible biochemical responses in the
adult. Such responses include increased erythropoie-
tin (Varvarigou, Beratis, Makri, & Vagenakis, 1994)
and evidence of erythron impairment such as
disorders of iron metabolism, processes of hemoglo-
bin formation, and red blood cell metabolism
(Gavalov, Soboleva, Denagina, & Demchenko,
1991).

Thus, based on the present study, the relationship
between anemia and smokeless tobacco use during
pregnancy appears to be real. Although high
hemoglobin levels in midpregnancy are associated
with fetal growth restriction and preeclampsia
(Koller, Sandvei, & Sagen, 1980; Scanlon, Yip,
Schieve, & Cogswell, 2000; Steer, 2000), achieving
normal hemoglobin levels during pregnancy will be
beneficial for the fetus. Smokeless tobacco use is
widely prevalent among women in Southeast Asia
(Gupta & Ray, 2003) and is slowly gaining accep-
tance across the world as a safe alternative to
cigarette smoking. Further exploration and clarifica-
tion of this association is therefore of considerable
importance to public health.
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CURRENTLY MARRIED WOMEN IN INDIA

S. RAJARAM*, LISA K. ZOTTARELLI{ axp T. S. SUNIL}

*Population Research Center, Dharwad, India, tTexas Woman's University, USA and

' 1 University of Texas at San Antonio, USA

Summary. The present paper assesses fetal loss among currently married
women in India. In addition, the effects of social, economic, demographic and
health factors on fetal loss are studied. The study uses data from the second
National Family Health Survey conducted in India during 1998-2000. The
results show wide varnations in fetal loss (induced abortion, spontaneous
abortion and still-birth) measures across the country. The importance of
mother’s nutritional status, birth spacing, risky behaviours such as smoking,
drinking and chewing tobacco and age at marriage for pregnancy outcomes
in India is also discussed. The study results imply a broad understanding of
reproductive health in India, and emphasize the importance of widening the
scope of community-based reproductive health education programmes to
improve the reproductive health of women.

Introduction

The reproductive performance of human beings is a relatively inefficient process
(Regan & Rai, 2000) and some studies have indicated that only about 37% of all
conceptions advance beyond 20 weeks (Anas, 1993). However, most of the preg-
nancies lost before implantation are not recognized clinically and, in practice, the
problem of early pregnancy loss is limited to those pregnancies aborted after
implantation. Recent figures show that about 9 milhon babies are either born dead or
die within first 28 days of life (WHO, 1998). While, globally, infant mortality declined
markedly between the early 1980s and late 1990s, most of this improvement was
among older infants. The perinatal death toll during the same period fell only slightly
from 64 to 57 deaths per 1000 births.

Generally, women make a major investment in themselves during pregnancy and
childbirth. Thus, an unfavourable outcome of pregnancy, including perinatal mor-
tality, still-birth and spontaneous abortion, can be stressful and emouonally chal-
lenging to women and the family. Further, these events can have considerable impact
on the physical and social well-being of women. The incidence of unfavourable
pregnancy outcomes also affects future reproductive performance as well as repro-
ductive aspirations of having children. Examining the level as well as the social and
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and alcoho] consumption among mothers are positively associated with unfavourable
Pregnancy outcomes (Shu er al, 1995; Savitz ¢ al., 2001). Addilionaﬂy, considering
the skewed sex ratios in the Indjan states and the probable high prevalence of
sex-selective abortion, the sex composition of the number of living children may also
be an important factor in explaining fetal Joss.

Data and Methods

The second National Family Health Survey fNFHS-2), conducted jp India during
1998-2000, is used to explore the experience of fetal Joss among currently married
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women. The survey provides information on a variety of demographic and socio-
economic background characteristics. The NFHS-2 survey covered a representative
sample of more than 90,000 ever-married women aged 15-49 from 26 states that
comprise more than 99% of India’s population. Details about the survey can be found
in the NFHS-2 report (1IPS & ORC Macio, 2000). The main objective of the
NFHS-2 was to provide state- and national-level estimates of fertility, the practice of
family planning, infant and child mortality, maternal and child health, and the
utilization of health services provided to mothers and children. Another feature of the
NFHS-2 is the measurement of the nutritional status, such as height and weight
measurements, of women. Detailed birth history, as well as the number of
spontaneops abortions, induced,;abortions and still-births up to the time of the survey,
were also collected. Thus, the data provide the cumulative incidence of pregnancy loss
and not a detailed pregnancy history. Since the data come from a retrospective
survey, information on pregnancy loss will be neither totally complete nor accurate.
Sources of errors for studying pregnancy loss using retrospective survey data have
been documented elsewhere (for details, see Casterline, 1989a, b).

As mentioned, the present data provide information on each live birth, number of
abortions and still-births. The total number of pregnancies each woman had is the
sum of all the live births, induced and spontaneous abortions and still-births. Multiple
births are considered as single pregnancies and the current pregnancy is not included
in the analysis. The present analysis is restricted to currently married women in the
age group 15-49 who had experienced at least one pregnancy termination before the
survey.

First the outcome of lifetime pregnancies in terms of live birth, induced abortion,
spontaneous abortion and still-birth is examined. In order to carry out this analysis,
a pregnancy history file was generated using the information on number of live births,
spontancous abortions, induced abortions and still-births. In the next step, the
expenience of fetal loss in terms of number of induced abortions and number of
natural fetal losses per woman is examined. Natural fetal loss includes spontaneous
abortions and still-births. Finally, negative binomial regression is used to examine the
net effect of various risk factors on the experience of number of induced abortions
and number of natural fetal lossecs. Generally, Poisson regression is the standard
method used to model count response data. However, Poisson distribution assumes
the equality of its mean and variance - a property that is rarely found in real data.
Data that have greater variance than the mean are termed Poisson overdispersed, but
are more commonly designated as simply overdispersed. Negative binomial regression
is a standard method used to model overdispersed Poisson data.

One derivation of the negative binomial mean dispersion model is that individual
units follow a Poisson regression model, but there is an omitted variable u, such that

pat

e follows a gamma distribution with mean I and variance a and the model is:
y,~Poisson (u,),

where
W =exp (xB+u),

and

1+
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exp(u;)~Gamma (1/a, a),
for observed counts ; with covariates x, for the i
estimate of the degree of overdispersion. When « is
the same distribution as Poisson. The larger a
overdispersion in the data. When there is overdispe
inefficient with standard errors biased downward vy;j
The overdispersion in the raw data tested by the likel
staggering value of test statistics asserts that the pr
these data conditional on a=0 is virtually zero. (
Prob>#’=0 for the induced abortion model; the Nalue of 72 (01)=1366 and

Prob>%?=0 for natural fetal loss.) In other words, the test statistics support the data
not being Poisson. The above equation implies that-

observation. Parameter « IS an
zero, the negative binomial has
1s the greater the amount of
rsion, the Poisson estimates are
elding spuriously large-z-valyes.
iht-)od-ralio test for u is zero. The
obability that we would observe
The value of 32 (01)=117]-19 and

H*~Gamma (1/q, ap,).

Another alternative parameterization, known as constant dis
present paper and the constant dispersion model assumes that

K,*~Gamma (1/5, ).

married women aged 1549 reported 277,035 pregnancies. Of these, 91% resulted in
live births, 2% in induced abortions, 5% in Spontaneous abortions and 2%, in
still-births,

Pregnancies of currently married women resultin
of 84% in Tamil Nadu to a high of 94% in Sikkim and Bihar. E
is lower than the national average of 91% in Tamil Nadu,
New Delhi, Nagaland, Punjab, Haryana, Tripura, Orissa, J
Kerala. However, pregnancies resulting in live births are h

Manipur, Goa, Assam,
ammu & Kashmir and
igher than the national

west in Goa followed by

Kerala. The experience of still-birth is high in the states of Meghalaya, Assam,

Arunachal Pradesh, Haryana and Punjab.
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Table 1. Percentage distribution of all pregnancies of currently married women aged
15-49 by their outcome, according to state, India

Outcome of pregnancy

Induced Spontaneous Number of
State Live birth abonior: abortion Still-birth  pregnancies
Andhra Pradesh 91-78 0-86 4-90 2:46 10,862
Assam B6-51 349 6-70 3-30 10,860
Bihar 93-83 0-35 354 2-29 23,168
Goa " o8633 424 828 116 3012
Gujarat 90-80 234 5:36 1-50 11,317
Haryana 89-48 1-42 6:02 3:08 9317
Himachal Pradesh 90-85 1-66 4-82 2-66 8599
Jammu & Kashmir 90-10 2-66 5-42 1-82 9812
Karnataka 91-88 096 4-70 2:45 12,216
Kerala 90-36 2:06 6:33 1-25 6669
Madhya Pradesh 92-9] 0-98 4-18 1-94 23,368
Maharashtra 92-09 1-98 4-26 1-67 14,954
Manipur 85-31 6-51 6-86 1-32 5112
Meghalay 90-63 0-77 523 3:37 3407
Mizoram 91-36 0-68 565 2-31 3167
Nagaland 89-26 2-40 5-82 2-52 3092
Orissa 90-10 1-73 5-92 2:26 13,039
Punjab 89-30 305 4-61 3-05 8122
Rajasthan 91-50 1-02 531 2-18 23,861
Sikkim 93-92 0-99 2:10 2:99 3292
Tamil Nadu 84-17 536 7-88 2-59 12,074
West Bengal 91-30 2:30 443 1-97 12,166
Uttar Pradesh 91-69 1-45 4-94 1:93 34,449
New Delhi 87-36 491 6:36 1-37 7354
Arunachal Pradesh 93-17 0-98 2:71 3-15 3194
Tripura 89-64 4-49 4-36 1-52 2978
All India 91-15 1-75 498 2:12 277,035

Note: All India sample weight is used to generate the results for All India. State-level results
are generated using the individual state weights.

spontancous abortions also increases. A reverse relationship is identified between
women’s education and the percentage of pregnancies resulting in still-births.

A greater percentage of pregnancies terminated in fetal loss among women who
experienced domestic violence. No clear relationship is established between the height
of the women and pregnancies ending in spontaneous abortions, but the percentage
of pregnancies terminating in still-births decreases as the height of the women
increases. A positive relationship s found between household standard of living index
and pregnancies terminating in induced and spontancous abortions. This index is

@17
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Table 2. Percentage distribution of al] pregnancies of currently married women aged
15-49 by their outcome, according to selected background characteristics, India

—_—

Outcome of pregnancy

Induced Spontaneous Number of

Background characteristic Live birth  abortion abortion Still-birth pregnancies =
Place of residence

Rural 91-86 1-17 4-69 2-28 210,199

Ur‘ban 8891 3-59 5-89 J-60 66,836
Education

Illiterate 92-42 0-84 4-44 2-30 182,932

Literate, <middle complete 90-39 2:34 533 1-94 50,405

Middle school complete 87-53 4-13 664 1-70 17,319

High school and above 86:14 5-42 6-97 1-46 26,341
Work status

Not working 90-84 2-02 5-08 2-06 164,311

Working 91-60 1-37 4-83 220 112,553
Tobacco chcwing}smokingfdrinking habit

No 91-08 1-86 4-99 2-07 236,188

Yes 91-56 1-16 4-88 2-40 40,709
Experienced domestic violence since age 15

No 91-56 1-72 4-68 2-:04 211,668

Yes 89-81 1-86 594 2-39 65,341
Height (cm)

<145 91-04 1-37 4-87 272 34,388

145-150 90-94 1-60 5-15 2-3] 72,855

150155 91-23 1-83 4-92 202 85,523

155+ 90-71 2-26 521 1-82 60,519

Missing 92-79 1-23 4-2] 1-77 23,750
Standard of living index

Low 92-13 0-79 466 2-42 94,262

Medium 91-37 1-59 4-9] 2-13 131,034

High 88-61 4-05 5-82 1-53 48,596
Caste/tribe

Scheduled caste 91-56 I-19 4-88 2-37 53,316

Scheduled tribe 92-57 0-96 4-46 2-01 24,707

Other backward caste 91-05 172 512 2-11 90,247

None of them 90-70 228 5-01 2-:02 105,546
Religion

Hindu 91-09 175 5-05 2-10 222 309

Muslim 92-01 1-30 4-47 222 40,439

Chrnistian 89-55 277 5-58 210 6051

Other 89-66 3-27 4-9] 2:16 7988
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Table 2. Continued

Outcome of pregnancy

Induced  Spontaneous Number of
Background characteristic  Live birth abortion abortion Still-birth  pregnancies
Current age =
15-19 8651 1-02 9-55 291 5867
20-24 8943 1-58 6-59 2:40 29,753
25-29 90-65 1-96 ; 331 2-08 51,614
30-34 90-76 213 491 221 55,520
35-39 91-54 1-87 4-56 2-03 52,774
40-44 92:20 1-53 4-22 2:05 45,468
4549 92-75 1-26 409 1-90 36,039
Age at first union
<l6 92-61 0-90 4-36 212 123,147
16-18 91-12 1-77 498 2-12 102,207
19-22 88-51 341 596 2:13 42,613
23+ 84-01 5-30 8-69 2:01 9068
Average pregnancy interval (years)
<1 61-28 7-29 29-05 2-39 1181
1-2 8497 3-39 8-68 2-96 43,449
2-3 91-38 1-65 481 2:16 98,076
34 93-04 1-33 366 1-97 62,461
4+ 93-42 1-19 371 1-68 71,868
Number of living children
None 34-19 4-22 47-58 1401 3163
One child
1 son 8396 2-81 9-62 36 10,405
0 sons 83-16 2-42 10-62 38 9201
Two children
2 sons 89-4] 3-22 505 2:32 16,098
1 son 87-82 3-57 605 2:56 27,867
0 sons 879 2-7 6-84 2:57 8974
Three or more children
3+ sons 94-4] 0-93 314 1-52 71,167
2 sons 93-64 }:19 3:53 1-65 74,047
I son 92-56 I-64 399 1-82 46,957
0 sons 90-75 1-57 515 2-54 9154
Total 91-15 1-75 4-98 2-12 277,035

Note: Due to missing observations, for some of the background characteristics, the sum of the
number of pregnancies of each category may not add to the total number of pregnancies.
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provided in the data file. It is calculated by adding the scores from variables such as
house type, toilet facility, source of lighting, main fuel for cooking, source of drinking
waler, separate room for cooking, ownership of house, ownership of agricultural land,

women with no living children.

The previous analysis considered all pregnancies, but the subsequent analysis
considers the woman as the basis of analysis. The number of induced abortions and
natural fetal losses (i.e. spontaneous abortions and still-births) per woman is
considered. The rates of induced abortions and natural fetal losses per 100 currently

rate of above national level are New Delhi, Goa, Orissa, Jammu & Kashmir,
Mizoram, Uttar Paradesh, Rajasthan, Tamil Nadu and Haryana. The lowest rate of
natural fetal loss is observed in Sikkim, followed by Tripura, Maharashtra ang
Arunachal Pradesh. For both induced abortion and natural fetal loss, the states of

have rates above the national level.
The number of induced abortions and natural fetal losses per 100 women
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Table 3. The number of induced abortions and natural fetal losses per 100 currently
married women aged 15-49, by state, India

State Induced abortions Natural fetal losses® Number of women
Andhra Pradesh 2-78 23-93 3344
Assam 13-15 - 3768 - 2881
Bihar 1-36 2283 3913
Goa 12-10 2697 1054
Gujarat 8-07 2367 3279
Haryana 5-07 / 32-54 i 2606
Himachal Pradesh 5-36 24-11 2669
Jammu & Kashmir 10-58 2874 2472
Karnataka 319 2368 3689
Kerala 562 20-69 2443
Madhya Pradesh 3-87 24-2] 5901
Maharashtra 6-54 19-59 4528
Manipur 27-13 34-10 1227
Meghalay 3-32 37-26 786
Mizoram 2-48 29-13 866
Nagaland 10-47 36-45 708
Orissa 5-98 28-28 3770
Punjab 9-96 25-00 2486
Rajasthan 410 30-21 5913
Sikkim 334 17-17 975
Tamil Nadu 16-44 32-11 3936
West Bengal 7-50 20-91] 3724
Uttar Pradesh 625 29-70 7968
New Delhi 16-38 25-80 2204
Arunachal Pradesh 329 19-73 948
Tripura 14:20 18-60 941
All India 633 2562 76,738

Note: All India sample weight is used to generate the results for All India. State-level results
are obtained by using individual state weights.
*Includes spontaneous abortions and still-births,

in urban areas compared with rural areas, but there is no difference in the rate of
natural fetal loss observed between rural and urban women.

The results indicate that the risk of expeniencing natural fetal loss declines
significantly with an increase in level of education of women. In contrast, the rate of
mmduced abortion increases with increases in the educational level of women. The
frequency of natural fetal loss is found to be higher among women who consume
tobacco and/or alcohol and for women who have experienced domestic violence. The
rates of induced abortions and natural fetal loss are highest among women whose
height is less than 145 cm and a negative relationship is shown between the height of

Fo3
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Table 4. The number of induced abortions and natural fetal losses per 100 currently
married women aged 15-49, according to selected background characteristics

Induced Natural Number of
Background characteristic abortions fetal losses™ women
Place of residence ’
Rural 434 2592 56,521
Urban 11-88 24-78 20,217
Education | f
lilterate 343 27-60 44,672
Literate, <middle complete 7-89 24-47 14,972
Middle school complete 11-51 2319 6224
High school and above 13-16 20-46 10,859
Work status
Not working 7-00 24-77 47,350
Working 524 2697 29,356
Tobacco chewing!smoking!drinking habit
No 6-49 24-73 67,470
Yes 514 32-11 9229
Experienced domestic violence since age 15
No 603 23-58 60,301
Yes 7-42 3312 16,430
Height (cm)
<145 512 28-43 9188
145-150 5-89 27-54 19,756
150-155 6-52 24-69 24,030
155+ 7-67 23-86 17,826
Missing 4-9] 2394 5937
Standard of living index
Low 3-04 2732 24424
Medium 582 2584 35,700
High 12-50 22:69 15,735
Caste/tribe
Scheduled caste 4-56 2770 13,942
Scheduled tribe 361 244) 6553
Other backward caste 6-17 26-00 25,100
None of them 7-90 24-38 30411
Religion
Hindu 6-21 2536 62,713
Mushm ; 547 28-08 9634
Christian 8:68 24:11 1928
Other 10-89 23-58 2395

")
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Table 4. Continued
Induced Natural Number of
Background characteristic abortions fetal losses® women
Current age
15-19 143 = 17-41 - 4199
20-24 3-42 19-46 13,749
25-29 614 2321 16,448
30-34 836 2796 14,119
35-39 821 i 29-03 i 11,995
40-44 7-48 30-56 9323
45-49 6-59 31-26 6904
Age at first union
<l6 3-77 2707 29,506
16-18 628 2519 28,822
19-22 10-05 2377 14,483
23+ 12-24 24-70 3927
Average pregnancy interval (years)
<l 20-88 90-08 412
1-2 12-84 44-11 11,466
23 6-86 29-08 23,538
34 524 22-10 15,901
4+ 3-35 15-24 25,421
Number of living children
None 677 98-8 1972
One child
1 son 408 19-22 7161
0 sons 3-57 21-28 6234
Two children
2 sons 8-28 18-95 6262
I son 9-26 22-3] 10,755
0 sons 7-07 24-67 3422
Three or more children
3+ sons 543 27-30 12,158
2 sons 5-44 23-72 16,158
1 son 7-32 25-88 10,527
0 sons 687 33-67 2089
Total 6-33 25-62 76,738

Note: Due to missing observations, for so
number of women in each category may

“Includes spontancous abortions and still-births.

me of the background characteristics the sum of the
not add to the total.
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women and the experience of natural fetal loss. This is congruent with the assumption
that the probability of fetal loss decreases with increases in height.

15 highest among women whose age at first union is below 16 years. The rates of
induced abortion and natural fetal loss are highest among women whose average
pregnancy interval is less than 12 months. As the average pregnancy interval
increases, the rates of induced abortion and natural fetal loss decrease. The rate of

includes New Delhi, Haryana, Himachal Pradesh, Jammu & Kashmir, Punjab and
Rajasthan; South region includes Kerala, Tamil Nadu, Karnataka and Andhra
Pradesh; Central region includes Madhya Pradesh and Uttar Pradesh: West region
includes Goa, Maharashira and Gujarat; East region includes Bihar, Orissa and West
Bengal; and North-east region includes Arunachal Pradesh, Assam, Manipur,
Meghalaya, Mizoram, Nagaland and Tripura. This is the same as the classification
used in the NFHS-2 national report.

In addition to the risk factors, the negative binomial regression model includes a

among urban women is found 1o be higher than for their rural counterparts. The odds
of undergoing induced abortions are also significantly higher among educated women
than illiterate women. The effect of work status and tobacco and/or alcohol
consumption on the rate of induced abortions is not statistically significant when

704
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other variables are controlled. On the other hand, women who experienced domestic
violence have 1-6 greater odds of having undergone an induced abortion. By caste or
tribe, the odds of undergoing an induced abortion is significantly higher among
women who do not belong to scheduled caste, scheduled tribe or other backward
castes as compared with scheduled caste women. On the other hand, scheduled tribe
women are less likely to undergo induced abortions as compared with scheduled tribe
women. By religion, women from ‘other religions’ (other than Hindu and Chmnstian)
are more likely to undergo induced abortions than Muslim women. Similarly, the
odds of induced abortion are higher among Hindu women than Muslim women. The
odds of undergoing induced abortion are significantly higher among women in the age
group 30-34 as compared with women in the age group 45-49. The results also
suggest that the rate of induced abortion is significantly different according to age at
first union. The chance of undergoing induced abortion is maximum among women
whose age at first union is in the age group 19-22 as compared with women whose
age at first union is below age 16.

Even after controlling for other possible risk factors, women who had pregnancies
closely spaced are more likely to experience induced abortion than women who had
more than four years on average between pregnancies. The results suggest that
differentials in the rate of induced abortions are found to be not significant, when
other variables are controlled. However, the likelihood of undergoing induced
abortion is significantly higher in the North-east region as compared with the North
region. The sex composition of living children suggests that the rate of induced
abortion is significantly higher among women with two or fewer living sons as
compared with women with more than two living sons. Similarly, within the different
combinations of living children, the odds of undergoing induced abortion are also
found to be significantly higher among women with zero living sons.

The results of negative binomial regression for natural fetal loss (see Table 6)
indicate that place of residence and education of women are not significant factors,

as education of women. The habit of consuming alcohol and/or tobacco increases
the chance of experiencing natural fetal loss. The odds of experiencing natural fetal
loss significantly increases if the women have experienced domestic violence since

It is also observed that compared with women aged 4549, the odds of
experiencing natural fetal loss are significantly lower among women aged less than 30
years. Considerably lower rates of natural fetal loss are observed among women
whose age at first union is above 16 years than women whose age at first union is
below 16 years. As expected, the average pregnancy interval shows g negative
relationship between average pregnancy interval and rate of natural fetal loss. The
odds of experiencing natural fetal loss are significantly higher among women whose
average pregnancy interval is less than 4 years as compared with women whose
average pregnancy interval is higher than 4 years. The effect of region on the rate of
natural fetal loss is found to be statistically significant, with women in regions other
than the North-east being likely to have a lower natural fetal loss as compared with
women in the North region. Also, women who have fewer than three living sons,

GoF



322 S. Rajaram, L. K. Zottarelli and T' S Sunil

Table 5. Regression coefficients for number of induced abortions among currently
married women aged 15-49, India

Standard = Significance  Odds

Background characteristic Coeflicient error level Ratio
Place of residence’  _ 05388 0-0560 0-0000 17139
Education? '
Literate, <middle complete 06181 0-0605 0-0000 1-8554
Middle school complete 0-8970 00723 0-0000 2:4522
High school and aboye ! 08864 0-0755 0-0000 2:4265
Work status® 0:0590  0-0489 0-2280 1-0608
Tobacco chewing/smoking/drinking habit* ~ 0-0821 00763 0-2820 09212
Experienced domestic violence since age 15° 04650 00461 0-0000 1-5919
Height (cm)®
145-150 0-0112 0-0736 0-8790 1-0113
150-155 0-0522 0-0710 0-4620 1-0536
155+ 0-1183 0-0718 0-0990 1-1256
Missing ~0:0917 0-1031 0-3740 09124
Standard of living index’
Medium 0-3250 0-0663 0-0000 1-3840
High 0-6544 0-0798 0-0000 1-9240
Caste/tribe®
Scheduled tribes - 03326 0-1283 0-0100 0-7171
Other backward castes 0-1278 0-0734 0-0820 1-1363
None of them 0-1432 0-0705 0-0420 1-1540
Religion”
Hindu 0-2270 0-0738 0-:0020 1-2548
Christian 0-1097 0-1201 0-3610 1-1159
Other 0-4168 0-1067 0-0000 1-5172
Current age'®
15-19 - 0-4891 0-1966 0-0130 0-6132
20-24 - 0-1637 0-1048 0-1180 0-8490
25-29 0-1833 0-0924 0-0470 1-2011
30-34 0-4341 0-0874 0-0000 1-5436
35-39 0-3447 0-0861 0-0000 1-4116
40-44 0-2155 0-0846 0-0110 1-2404
Age at first union"'
16-18 0-2145 0-0555 0-0000 1:2393
19-22 0-3606 0-0642 0-0000 1-434]
23+ 0-3156 0-0848 0-0000 1-:3711
Average pregnancy interval (years)'’
<l 3-4338 0-1707 0-0000 30:9937
1-2 2-4351 0-0600 0-0000 11-4165
2-3 1-5766 0-0571 0-0000 4-8384
34 1-0612 0-0644 0-0000 2-8897
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Table 5. Continued

Standard Significance Odds

Background characteristic Coefficient error level Ratio
Region'? .
South 00111 0-0708 0r8750 1-0112
West™ 0-0459 0-0744 0-5380 1-0470
Central 0-1062 0-0682 0-1190 1-1121
North-east 1-0167 00919 0-0000 2:7640
East 0-0846 0-0800 0-2900 1-0883
Number'of living children'*
No living children 1-4190 0-1384 0-0000 4-1330
I son (1 living child) 0-8452 01097 0-0000 2-:3285
0 sons (1 living child) 0:7125 01135 0-0000 2:039]
2 sons (2 living children) 0-7654 0-0879 0-0000 2:1499
I son (2 living children) 0-8545 00797 0-0000 2-3501
0 sons (2 living children) 0-7145 0-1030 0-0000 2:0432
2 sons (3 or more living children) 0-0644 0-0696 0-3540 1-0665
I son (3 or more living children) 03016 0-0730 0-0000 13520
0 sons (3 or more living children) 0-2731 0-1302 0-0360 1-3140
Constant - 11-2299 0-1549 0-0000 0-0000
Delta 0-4147 0-0268

Reference categories: 'Rural, *Illiterate, *Not working, *Not smoking/chewing tobacco/
drinking, *No, “<145c¢m, "Low, ®Scheduled caste, *Muslim, %4549, "'<16, "4+ years,
""North region, '3+ sons (3+ living children).

irrespective of number of living children. experience a significantly higher rate of
natural fetal loss as compared with women with three or more living sons.

Conclusions

have considerable effects on the physical and social well-being of women, these
numbers indicate an important area in need of improvement in women’s lives. While
there may be underlying biological conditions in the fetus, the results showed
significant variations in the effects of behavioural, social, economic and demographic
factors on induced and natural fetal loss.

Among pregnancies resulting in natural fetal loss, demographic characteristics
important to family planning were found 10 be some of the more important predictors
of natural fetal loss. Specifically. short pregnancy intervals, especially pregnancy
intervals of less than 2 years, were much more likely to result in natural fetal loss,
This points to the importance of family planning education for both women and men
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Table 6. Regression coeflicients for number of natural fetal Josses® among currently
married women aged 15-49, India

Standard  Significance  Odds

Background characteristic Coefficient error level Ratio
Place of residence’ - —00198" 00264 0-4530 0-9804
Education?
Literate, <middle complete =0-0017 00275 0-9510 09983
Middle school complete 0-0107 0-0381 0-7780 1-0108
High school and above ‘ 00231 ' 00371 0-5330 10234
Work status® —0-0160 00219 0-4630 0-984]
Tobacco chewing/smoking/drinking habit* 0-0978  0-0302 0-0010 11027
Experienced domestic violence since age 15° 02262 00224 0-0000 1-2538
Height (cm)®
145-150 0-0195 0-0329 0-5530 1-0197
150-155 —0-0461 0-0331 0-1640 0-9550
155+ —0-0593 0-0353 0-0930 0-9424
Missing —0-1220 0-0501 0-0150 0-8852
Standard of living index’
Medium — 0-0095 0-0253 0-7090 0-9906
High —0-0185 0-0359 0-6060 0-9816
Caste/tribe®
Scheduled tribes —0-1786 0-0450 0-0000 0-8364
Other backward castes 0-0304 00295 0-3030 1-0308
None of them - 0-0277 0-0315 0-3790 0-9727
Religion”
Hindu —0-0613 0-0320 0-0550 0-9405
Christian - 0-0619 0-0612 0-3120 0-9400
Other —0-1349 00615 0-0280 0-8738
Current age'®
15-19 — 0-6960 0-0612 0-0000 0-4986
20-24 — 04207 0-0453 0-0000 0-6566
25-29 - 01633 0-0405 0-0000 0-8493
30-34 —0-0127 00392 0-7460 0-9874
35-39 —0-0077 0-0413 0-8520 0-9923
40-44 0-0001 0-0430 0-9990 1-0001
Age at first union'
16-18 = 0-03%0 00246 0-1120 09617
19-22 - 0-0800 0-0311 00100 0-923)
23+ —0-0871 0-0468 0:0630 0-9166
Average pregnancy interval (years)'?
<1 3-6801 0-0751 0-0000 39-6518
1-2 2:5141 00334 0-0000 12-3561
2-3 1-6846 0-0326 0-0000 5-3902
34 1-0827 0-0340 0-0000 2-9525
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time in which the women could have experienced the cumulative effects of multiple
pregnancies. Interestingly, advanced maternal age does not increase the odds of
experiencing natural fetal loss.

Slightly less than 2% of pregnancies result in induced abortion. While more factors
influenced induced abortions, a short pregnancy interval was the single most
important factor to increase the likelihood that a pregnancy would end in an induced
abortion. There is a positive relationship between education, standard of living and
age and the likelihood of a pregnancy having ended in induced abortion. Addition-
ally, urban women are more likely to have had an induced abortion compared with
their rural counterparts. These factors point to the importance of access to resources
for women to be able to access abortion services. /

There are differences in the important factors that influence natural fetal loss and
induced abortion. In some cases, such as measures that address access 1o resources,
there is an opposite relationship between these factors and the two forms of fetal loss.
On the other hand, pregnancy spacing was the single most important factor predicting
natural fetal loss and induced abortion. This points to the importance of family
planning and the need for specific information on the risks of close spacing of
pregnancies to the health of the mothers and risks of fetal loss. Additionally, the
presence of domestic violence in the home was also found to be an important
predictor of both natural fetal loss and induced abortion. Reproductive health
education needs to incorporate domestic violence education to reduce fetal loss
outcomes in the future. Despite these two important similarities, the similarities in
factors are limited and different approaches would be needed to address the two
forms of fetal loss.

The implications of the results should be taken in a broader perspective within the
framework of reproductive health. Policies and programmes that seek to address fetal
loss in general need to focus on the importance of spacing and domestic violence.
Programmes to reduce induced abortion fetal loss and natural fetal loss should focus
on the factors specific to those situations. The recommendations suggested here
broaden the scope and sharpen the focus of ongoing community-based reproductive
health programmes in many parts of India.
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Smokeless Tobacco Use and Risk of Stillbirth
A Cohort Study in Mumbai, India

Prakash Chandra Gupta and Sreevidya Subramoney
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Background: Maternal cigarette smoking has been causally asso-
ciated with an increased risk for stillbirth. Preliminary reports
suggest an increased risk for stillbirth with sm‘okclcss tobacco use
during pregnancy.

Methods: We conducted a population-based prospective cohort
study to investigate this association by using a house-to-house
approach to recruit 1217 women who were between 3 and 7 months’
gestation. Of these, 96% were contacted after del ivery to determine
the pregnancy outcome. Demographic and maternal variables which
were apparently associated either with stillbirth or with smokeless
tobacco use (OR = 1.5) were included as potential confounders.
Stillbirth was defined as any delivery of a dead fetus after 20
completed weeks of gestation. We used time-to-event methods to
analyze the risk of stillbirth.

Results: Overall occurrence of stillbirth among singleton deliveries
in this population was 4.1%. Smokeless tobacco use was reported by
17% of women; 8.9% of smokeless tobacco users had a stillbirth
compared with 3.1% among nonusers (life-table adjusted hazard
ratio = 3.1; 95% confidence interval — 1.7-5.6). After adjustment
by the Cox proportional hazards procedure for age, educational and
socioeconomic background, working status of mother, parity, pre-
natal care variables, and place of delivery, the risk for stillbirth in
users was 2.6 (95% confidence interval-1.4 - 4.8). Most women used
mushri (a pyrolyzed tobacco product often used as dentifrice), and
there was a dose-response relationship between the daily frequency
of use and stillbirth risk. The risk of stillbirth associated with
smokeless tobacco use was greater in earlier gestational periods.
Conclusions: Smokeless tobacco use during pregnancy increases
stillbirth risk, with a risk at least as great as that associated with
maternal cigarette smoking,

(Epidemiology 2006;17: 47-51)

Pcn’natal mortality is one of the most sensitive indices of
maternal and child health. Each year, approximately 8
million perinatal deaths occur globally, 98% in the develop-
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Ing countries; of these, 60% are stillbirths. Rates of perinatal
and neonatal mortality in developing countries have de-
creased more slowly than rates of infant mortality. '

In western countries, maternal cigarette smoking has
been shown to be causally associated with an increased risk
for stillbirth; the relative risk ranges from 1.2 to 1.6.2 While
cigarette smoking is prevalent among women in developed
countries, the use of smokeless tobacco Is prevalent among
women in many developing countries.’ Smokeless tobacco
use also is becoming increasingly common among young
girls globally *

Particularly high prevalence of smokeless tobacco use
among women (between 15% and 60%) has been reported in
several states in the northeastern, castem, and westem regions of
India. > In the Mumbai Cohort study,” of 59,527 lower-middle

multicenter hospital-based case- control study in India” reported
a 1.5 times higher risk of perinatal death (95% CI = 13-1.7)in
tobacco users. We report on the effect of smokeless tobacco use
during pregnancy on stillbirth in a cohort of nonsmoking preg-
nant women in the city of Mumbai.

METHODS

A cohort of 1217 pregnant women was nterviewed on a
house-to-house basis from 8 selected geographic areas of Mum.-
bai City. These geographic areas corresponded to Corporation
health post areas. There are about 180 health posts in the city
serving the health nceds of the population, including maternal
and child health needs. We selected 8 health posts on the basis
of the following criteria: those registering at least 100 new
pregnancies per month, accessibility, and enthusiasm of the
health post authorities about participating in the study.

Community Health Volunteers attached to these Health
posts (n = 177) regularly monitor and list pregnant women in
their respective areas during their house-to-house visits, All
pregnant women willing to register for antenatal care with the
Corporation Health posts are listed.

Recruitment

A project social worker, accompanied by the Commu-
nity Health Volunteer, visited all the listed women and
screened them for eligibility before interviewing them with a
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pilot-tested, structured questionnaire. Eligible women were entiate the 2 outcomes. In addition, mothers were specifically =
defined as those who were between 12 and 28 weeks of  asked whether the child cried and was well, and breast-fed
gestation and who planned to remain in-the study area for immediately afier birth or was resuscitated or transferred to a
delivery. Every woman provided oral informed consent 1o special care nursery. Our analyses are restricted to stillbirths,
study participation before enrollment in the study. Commu-  as our peninatal mortality statistics were not complete.
nity Health Volunteers, working in their areas for several Gestational age at delivery was determined on the basis
years, were well known in the community and had an estab- of ultrasound reports before the completion of 30 weeks of
lished rapport wiih the community. Thus, there were no pregnancy whenever available (n = 453). For the rest, we use -
refusals for study participation. A second interview at recruit-  the number of days from the date of start of the last normal
ment (J0%) by a different social worker was used asa quality  menstrua] period to the date of Qelivery. The agreement of
control check. ultrasound with self-reports among women for whom both
Demographic information and medical and obstetric his-  were available was 70% for preterm deliveries and 95% for mm
tory (including the date of the last normal menstrual period, and ~ term deliveries.
the gestational age in months) was elicited at recruitment. i
Weight'and height of the women were measured using a bath- : o
room weighing scale and an inch tape, respectively. Women’s Data Analysis
weight before pregnancy generally was not known. Detailed of thcl 1167 women who were fuilmivcd—up, we ex-
information on all types of tobacco consumption was obtained ~ cluded 2 bidi smokers, 8 women who gave blr!h to twins, 21
during this phase. Ultrasound estimates of gestational age were wrho had abqncd before 20 weeks, and 26 with no date of
abstracted from antenatal records whenever available. Afier  birth and with secondhand information only. Thus, 1110
interview, the women were provided with health education women were available for analysis of stillbirth rates. Of these
regarding optimal antenatal care and were advised to keep 1110 women, 45 had deh_vcrcd at home all these women
regular contact with the health care system. There was no  Were interviewed afier delivery and included in the study.

specific focus on smokeless tobacco use. Socioeconomic status classification involved calcula-
tion of an index for each woman. This index, which is
Follow-Up considered standard for urban Indian families,'® uses the sum
_ The Community Health Volunteers and the social  of standard scores assigned to categories of the educational
workers regularly monitored the recruited women. A fol-  and occupational Status of the father and the per-capita
low-up interview was conducted for 1167 women (96%) at  income of the family. Only 2 women had upper-class socio-
their residence afer the delivery. Women were asked their economic status score; these women were included along
tobacco habits just before delivery and gestational age at  With the middle class women for all analyses.
birth. Medical records of delivery were abstracted. We ob- Demographic and other variables were individually
tained the date of delivery from records and verified this date  examined for their association with stillbirth; hazard ratios
with the woman. Women were advised on immunization (HRs) and 95% confidence intervals for the risk of stllbirth
schedules for their infant and the importance of breast-  were calculated using the Cox proportional hazards procc- =
feeding. If the infant was reported dead, the time of death was dure, with days of gestation as the timescale. Their associa-
obtained (born dead or died minutes or hours after birth). tion with smokeless tobacco use was also individually exam-
ined. Potential confounding variables were those that were
Tobacco Habits apparently associated with either the exposure or the outcome ™

Smokeless tobacco use was categorized as light (1-4  (OR = 1.5). HIV status was available for 500 women, all of
times per day) or heavy (S or more times per day). Womenin  whom were negative. Only 2 women. reported alcohol con-
the state of Maharashtra (which includes Mumbai City)  sumption. Therefore, HIV and alcohol use were not included
commonly use mishri. Mishri is pyrolyzed and powdered  in the analysis. Additional variables considered but not ip-
tobacco, the use of which starts as a dentifrice. Gutka and  cluded in the multivariate model were religion, language,
betel quid are other commonly-used forms of smokeless  type of accommodation, height of mother, weight of mother,
tobacco. These include other ingredients such as the areca nut intcrprcgnancy interval, and previous preterm delivery, as g
and are generally retained in the mouth for longer peniods of none of these variables showed association with stillbirth or
time and their juices sucked and swallowed, or spit out. Very ~ with smokeless tobacco use.

few women smoke, and those who do, smoke bidi (a small Stillbirth rates in smokeless tobacco users and nonusers
amount of tobacco flakes, approximately 0.2 g, hand rolled in ~ were compared. We then performed multiple covariate anal- —
a dry tendu leaf tied with a thread). ysis using time-to-event methods as described by Smith,!!

with days of gestation as the timescale. Frequency and type of
Outcome Definitions smokeless tobacco use were similarly analyzed. Stillbirth risk

Any fetus that did not breathe or show any other at panticular gestational periods was calculated similarly us-
cvidence of life at birth after a minimum 20 weeks of ing life table methods (as the ratio of the number of stillbirths
gestation was defined as a stillbirth Early nconatal deaths and during the period 10 all Ongoing pregnancies at the start of
stillbirths are very clearly differentiated in the Maternal and that period) and adjusted for potential confounders using the
Child Health program in India, which has been operational Cox proportional hazards procedure. Survival curves were
for several decades; doctors are trained to specifically differ- denved using the Iife 1able procedure.

48 © 2005 Lippincott Williams & Wilkins
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Smokeless Tobacco Use and Stillbirth

RESULTS

The response rate among pregnant women in the com-
munity was 100%. In 10% rechecks, the intersocial-worker
agreement was 100% for tobacco use and over 90% for most
other variables. Of the 1217 recruited women, regular to-
bacco use during pregnancy was reported by 208 (17.1%).
Smokeless tobacco use predominated (99% of tobacco users:;
n = 206), with mishri being the most common (81%).
Smokeless tobacco use per day was 1-2 times for 46%, 34
times for 21%. and higher for the rest. Reduction or cessation
of tobacco use late in the pregnancy was reported by only §
women; hence they were not analyzed separately.

The vanables that qualified as potential confounders
(Table 1) include age of mother, working status of mgther,
number of antenatal care visits,‘number of Tetanus toxoid
doses taken, place of delivery, previous stillbirth and previous
cesarean section {all associated with an increased risk of
stillbirth). Additionally, educational status, socioeconomic
score, and parity, were included as potential confounders, as
they were associated with smokeless tobacco use.

Of 1110 women, 46 {4.1%) had stillbirths; 28 among 908
nonusers (3.1%) and 18 among 202 smokeless tobacco users
(8.9%). The unadjusted HR of stillbirth in users (calculated by
life table methods) was 3.1 (95% CI = 1.7-5.6); after adjust-
ment for potential confounders (Table 1, excluding previous
stillbirth and previous cesarean delivery) by the Cox propor-
tional hazards procedure, the nsk was 2.6 (1.4—4.8).

The unadjusted hazard of stillbirth with smokeless
tobacco use among women who had experienced a previous
pregnancy (n = 848) was 2.6 (1.3-5). After adjustment for all
potential confounders listed 1n Table 1 (including previous

TABLE 1. Association of Smokeless Tobacco Use and
Potential Confounders With Stillbirth in Univariate and
Multivariate Analyses, Using the Cox Proportional
Hazards Model

Unadjusted Adjusted
HRs (95% C1) HRs (95% CT)
Smokeless tobacco use 3.1(1.7-5.6) 26(14-48)
Age of mother =30 years 2.7(1.4-5.3) 2.2(1.05-45)
Age <20 years 1.5(0.6-3.9) 2.1 (0.7-6.2)
Education <10th grade 1.03 (0.5-2 2) 0.6(03-14)
Lower socioeconomic score® 1.5(0.8-2.9) 1.2 (0.6-2.5)
Working mother 2.02 (0.948) 1.1 (0.5-2.8)
No of pregnancy =5 14(0.6-33) 0.7(0.3-1.9)
No of pregnancy = 1 0.8 (0.4-1.7) 0.9(03-2.1)
Number of antenatal visits 5 5.7(3.2-10.3) 34 (1.7-69)
or fewer
No of Tetanus toxoid doses
No doses 13.5 (6.2-29.8) 48(19-11.9)
One dose 44(2.1-9.1) 22(09749)
Home dehivery 29(1.1-7.2) 1.4 (0.5-38)
Previous stillbirth! 1.7 (0.8-3.6) 1.6 (0.7-3.7)
Previous Cesarcan delivery' 2.6(1.2-5.6) 3.2 (1.4-7.3)

*See Methods secuon for calculanon

'Included only in the model on 848 women with previous pregnancies

© 2005 Lippincon Willhams & Wilkins

TABLE 2. Association of Type And Frequency Of Smokeless
Tobacco Use With Stillbirth

No. Live No.

Unadjusted Adjusted

Births  Stillbirths HR (95% CI) HR (95% Cl)*
Nonusers' 880 28 1.0 1.0
Type of
smokeless
tobacco
Mishri 153 13 27(14-53)  25(1.3-509
Gutkha 17 49(1.5-16) 5.5(1.6-19)
No. of times
mother
used mishn
14 115 8 22(1.01-49) 2.1 (09-4.7f
5+ 38 5 43(1.7-11.3) 38 (1.5-100)

*HRs adjusted for age, educational status, parity, and antenatal care by Cox
proportional hazards procedure.
category.

stillbirth and previous cesarean delivery) the HR among these
women was 2.1 (1.03-4.4).

Table 2 shows the crude and adjusted risk of stillbirth for
the 2 common types of smokeless tobacco, mishri and gutka,
and the increase in stillbirth risk with increasing use of mishri.
This increased risk remained substantial afier adjustment for
important covariates by the Cox proportional hazards procedure.

The excess risk of stillbirth associated with smokeless
tobacco use was apparent throughout gestation (Figure 1).
Table 3 shows the proportion of surviving fetuses, stillbirth
rates, and HRs by gestational age. HRs were higher at lower
gestational periods.

DISCUSSION

We previously reported an effect of smokeless to-
bacco use on birth weight,'” reducing babies’ weights by

1.00

Cumulative Survival
£

92 ...... Non-user
— User
90
B8
0 100 200 300 400

Gestational age (days)

FIGURE 1. Cumulative survival of the fetus in smokeless to-
bacco users and nonusers by gestational age at birth (for all
births =20 weeks’ gestation).
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TABLE 3.  Association of Smokeless Tobacco Use With Stillbirth by Gestational Period
Cumnlative Stillbirth Rate/1000
Proportion Surviving Ongoing =
t f P Pr ci

Gestational Period TN o Purled il el B Unadjusted HR Adjusted HR
(Weeks) Nonuser User Nonuser User (95% C1) (95% Cn*
20-27 0.9967 0.9653 33 347 10.5 (2.7-40) B2 (2. 1-32.5) —
28-3) 09912 0.9453 56 208 3.7(0.9-13.9) 32 (0.79-12.6)
32-36 0.9756 09174 15.8 294 1.8 (0.7-5.1) 18(0.6-53)
37-44 0.9481 0.9004 18.7 26.7 1470 1-3.4) 0.7(0.1-3.3)
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stillbirth.
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associated with growth restriction, 2

and placental

creased stillbirth risk through these mechanisms is a pos-
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inducing a change in central respiratory control mecha- 3
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established as
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80/1000 total births, in Comparrson to 20-25/

a population-based study in  births in the developed countries With 17% prevalence of
countries. However, because thiserror  smokeless tobacco use and 3 times higher risk of stillbirth in
smokeless tobacco user and nonuser users, about 25% of stillbirths in the study population may be
to have had a major influence on the attributable to smokeless tobacco use (calculated as[i —i Vi,

smokeless tobacco use and where i is the overal] incidence of stillbirth in (he Population,
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Smokeless tobacco use, birth weight, and gestational age:-population
based, prospective cohort study of 1217 women in Mumbai, India

Prakash C Gupta, Sreevidya S
{
i

Abstract

Objective To study the effect of using smokeless tobacco during

Design Population haseiprowccﬁmcolmnmadymhga
house 10 house approach,
Seuingﬂghtpmmryha!lhpwminthcdtyofumtnj
(Bombay), India

pregnant and planning 10 deliver in the study area. 1167
women {96%) were followed up

Main oummmhhwdghlandgcsMagth
singleton births.

Results Smokeless |olnmouscwasassmjamdwilhanamage
reduction of 105 g in birth weight (95% confidence interval 30
g 18] glanda rtductioningmmimulageofﬁz (3.0 10 94)
days The odds ratio for low birth weight was 1.6 (1.1 1o 24),
adjusted by logistic regression for maternal age, education,
SOC0economic status, weight, anaemia, antenatal care, and
gestational age. The adjusted odds ratio for preterm delivery
(<37 weeks) was 1.4 (1.0 1o 2.1); for delivery before 32 weeks it

cohort study in India of 59 527 lower middle class and lower
class women aged 35 years and older, 57.5% currently used
tobacco, 99.6% of which was smokeless *

There are indications that using smokeless tobacco could be
as detrimental 10 fetal health as Agarette smoking. Of 1388 sin-
gleton births in a hospital in Pune, India, tobacco chewers had
babies with a consistent birth weight defict of 100-200 g
mdependent of maternal weight, socioeconomic stans, and ges-
tational age * In 178 deliveries in a Mumbai hospital, the propor-
tion of low birth weight babies in users was 65%, a rate twice as
high as that of non-users* The effeat on gestational age at birth
of using smokeless tobacco has not been reported. We studied 2
cohort of pregnant women in the city of Mumbai (Bombay),
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India, to assess the effect of using smokeless tobacco during
pPregnancy on babies® birth wﬁghtandgmriom]agcmbhﬂ]_

Methods

About 180 government heallhposl.smmchm]thnecthnf
mothers and children in Mumbaj. We conducted this study in
collaboration with eight health posts and their community
health volunteers {n=177), who routinely monitor all women in
their respective areas for pregnancy,
Recruitment
We saeened the women listed by the
volunteers during house to house visits for eligibility. Two trained
social workers interviewed 1217 eligible women afier obtaining
oral informed consent between June 2002 and November 2002,
Women in the third 10 seventh month of their Pregnancy
were eligible iflheywcreplanning to remain in Mumbai for the
birth (women in India often move to their mother’s home to give

Measurements at recruitment
We gathered information on demographics, tobacco use, and
medical and obstetric histories from the women. We used

Follow up

The community health volunieers and the social wor kers moni-
tored the women. Interviews ook Place on delivery, and birth
weight and date of delivery were copied from the nfant’s immu-
nisation card. If medical records of birth weight were not
available from the woman they were obtained from hospital
records, as was the case in 10% (89) of al] available birth weights.
For 40 women, infc rmaton from both sources was available and
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in agreement Blood pressure and haemoglobin measurements
were abstracted from antenatal records, and all women gave self
reports of high blood pressure or anaemia during pregnancy.
Information on induced birth or elective caesarean section was
not uniformly obtainable. The women received advice on breast
feeding and immunisation schedules.

Outcome definitions

We used as outcomes low birth weight (<2500 g), preterm birth
(<259 days or 37 weeks), early preterm birth (< 224 daysor 32
weeks) and very early preterm birth (< 196 days or 28 weeks).

Data analysis

Of the 1217 recruited women, 208 (17.1%) reported using
tobacco regularly during pregnancy. Use of smokeless tohacco
predominated (99%, 206 women), mishri being the most
common, (80%, 166). Forty six per cent of women (96) chewed
tobacco once or twice a day and 24% (49) three or four nmes a
day. Only five women reported that they had stopped using
obacco late in the pregnancy; we did not analyse them
separately.

We followed up 1167 women (96%). We excluded two smok-
ers (bidi), eight women who gave birth to twins, 21 who had
abortions, and 26 with no date of birth and only secondhand
information from neighbours from all analyses. Altogether 1110
women who gave birth after 20 weeks of gestation were therefore
available for our analysis of gestatonal age.

Birth weight was not available in 88 women, 15 (17%) of
whom used smokeless tobacco). Forty of these had home
deliveries, and for 48 their medical records were not traceable.
We excluded 46 stillbirths and two outliers for birth weight (600
g and 4950 g; range 12504500 g). Our birth weight analysis
therefore included 974 women

We calculated gestational age as the number of days from the
recalled start of the last normal menstrual period 1o the date of
delivery. For 453 women, ultrasound scans before 30 wecks
helped date the pregnancy (consistent with self reports in 70%
(53 out of 76) of cases for preterm and 95% (359/377) for term
delivenies).

Medical reports for haemoglobin (< 100 g/1) and self reports
for anaemia were available for 889 women; 99.5% (n = 885) were
consistent with self reports, and only self reports were available
for the rest Medical reports for blood pressure (2 140/90 mm
Hg) and self reports for gestational hyperiension were available
for 825 (consistent with self reports in 54% (18 of 33) of cases for
positive and 99.9% (791/792) for negative self reports; only self
reports were available for the rest

HIV starus was available for 500 women; all were negauve.
Only two women reported alcohol consumpuon. Calculaton of
socioeconomic status included the educational and occupational
status of the father and the per capita income of the family.”

We used_the independent samples ¢ test 10 evaluate the
significance of the differences in means and the Mann-Whiney
U test for distnbunons. We calculated relanve nsks for the
outcomes.

We examined differences in the distribution of sociodemo-
graphic, biological, and clinical variables among users and non-
users of smokeless tobacco. We considered faciors thar differed
significantly between the two groups as potential confounders
(P<0.05) and entered them into stepwise logistc regression
(dichotomised as in table 1), the sociodemographic variable first,
followed by the biological and the clinical vanable. The final
model included only those vanables that had independem,
significant associations with use of smokeless tobacco. We used
SPSS and Epi-Info for stansucal analyses.

page 2ol 5
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Table 1 General demographic and other characteristics of participants, by
_smoheless Iobacco use. Values are numbers (percentages) unless otherwise

P valve (¢ test) tor

Non-user User difterence
e .
2years E@6(9N0) 181 (89 6) 06 N
20 years ) (04
Educabonal status in yeam - -
n schoaling
210 - 20002200 12 (58  00om1
ae 708 (78.0) 190 (34.1)
: —— 0o (7 e o
_Miodle class” €826 2@ ool
Low class 249 (27.4) B0 (39.5)
Na of births o ' e
51 ~ o4y sy doon
1 - T 22(256) 30 (149)
o - O e
0k 556(812) 138 (68.3) T o0s
B 352 (36.8) BT
Hegnt - =
>150 cm 432 (475) 105 (520) 03
_dise JEERG 9180
dwes  2@sn @) oo
& wsits 675 (74.3) 137 (67 8)
Mistory of preterm AT
N  w0(s1)  108(&28) T
Yes 236 (34 9) BT
Presence of anaema
T~ 6408 989 0001
s 264 (29.1) B4
. A sz
M smmes  we@oe 08
Yes 29 (32) 6 (30)
s Loes
I'I!:I\IIUIHI‘ N . . 3
1220wesks W2 17 79(31) T s
20-28 weeks 566 (623)  123(609)

“Two women had high socioeconomic status.
thor 848 women with previous pregnancies

Results

The response rate from the community was 100% as none of the
cligible women contacted during the recruitment phase refused
to partiapate. In 123 rechecks (10%) duning recruitment the
findings of different social workers were 100% in agreememnt for
tobacco use and more than 90% for most other variables.

Women using smokeless tobacco had relatvely lower
socioeconomic status, weight, and educational status and were
less likely to have had optimal antenatal care (a minimum of five
antenatal visits are advocated in India for an uncomplicated
pregnancy). Proportionately more multiparous and anaemic
women (table 1) used smokeless 1obacco. We considered these
vanables as potennal confounders in the analyses and also con-
sidered the mother’s age, a common confounder.

Low birth weight

Babies born to mothers using smokeless tobacco were on
average 105 g lighter (2672 g v 2777 g, 95% confidence interval
for difference 30 g 10 181 g; P=0.006) than those of non-users
(median decrease 150 g, P = 0.02). The entire birth weight distri-
bution in users was shifted to the left (fig 1; two tailed P=0.02),
indicanng that infants who were already compromised might
have been pushed into even higher nsk categories.
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Fig 1 Dimmdmnigmthmb;mummmmﬂm given birth

= days; 95% confidence interval 3.0 days to 9.4 days; P= 0.0001);
kmvammas(lﬁglolSBg;P 0021Almmbu1!1wughlwas diliveriis Gese fier by 116 (44 (o 1838) ki
(P=0.04) and 86 g in baby girls (P=0.08), and the refage (P =.°'°°21m5l;l'“"’]‘$"$d“"‘b““°""‘ g "I“"‘“d
percentage difference (the reduction in birth weight in smokeless ug!xrqandy - ; wiled Pmsmw Ty
wovacco usrs divided by the mean birth weight) was 12 for boys  8°5ttional ages (fig 2; two s

giving a crude relative risk of 1.4 (1.1 10 1.9) ;o:- 157202 mf;;lmm lb;;;ﬂtlﬂm'mk

Thcmkisuuoforlowhurﬁxwdgmmugmﬁmu birth bdh"’) weeks : 87202 users v
(P<0.05), with varying confidence imtrvals.af(crwradjustrdby > HWUBT i L I
logistic regression for independent significant confounders ‘m_ - ‘H” very remained lgmﬁcan_
(table 2), including gestational age at birth. (1_5_, 1009 10 2.2, P=0.05), afier adjustment for age, education,

The mean decrease in birth weight in light users was 63 g (26 06100 s ooy "P"“"_o‘“"{;ﬁz logistic o
g 10 153 g, P=02), and in heavy users lB‘Jg(Bﬁgto 312 g, eERvE 40 S erlaC!]us t 30 weight
P~ 0.003). The 1 of increasing low bir) weight with in ’ mdmtmmglm.muﬁsr@sforddmybgfomﬂmzs
ing use of smokeless 1obacco was highly significant (table 3.y mecks SroNE sl 4y ¢ aficr adjuy tforall

= . variables (table 2) :
test 10.3, P=0.006). Co - — light gave birth an
Preterm delivery ofi.gdaysa:ﬁer(ﬂl.lchpu%2dayx95%(onﬁduu

Women using smokeless 1obacco gave birth an average of 6.2  interval 12 days 10 86 days; P=0.01) and heavy users 89 days
daysmﬁadunmnnmumrgtolnccum?l.l days v 2649  earlier, (27].] days v 2622 days; 39 days 10 138 days;

Table 2 Adjusted odds ratios (95% confidence intervals) for low birth weight and preterm delivery in women who used smokeless tobacco

Prelerm deliveryt

i Low birth weight*  aTwess  Xwees <28 weeks
Crude odds ratio LT I — 1601023 2EINES 80@260248
Adusied odds rate Sl 6 102e 14(0w21) “"_uﬁﬁm__ _i'é“és_sﬁ'z?__
Pale _: Sl i ____"E_:-__;___ it '_lms__'_'__ '_:_'_o_;lhtT R T —
-mmummuww_mmmdmmmmm e
Agy for age, ed and mmmwwumm
Table 3 Frequency of smokeless tobacco use. low birth weight, and preterm defivery. Values are numbers of births unless otherwise indicated

Brth weight*

SN T aws By T cneessnne ~_ Mijested odés rato (95% )
Non-users il _ b W . 10 10 =
14 nmes = . 85 i A __ — = 15 (09w2e B
5o more tmes B : - '35__ e L R S s N LN TT S—
bt O S SO T A | ~
T e B s B
Nonuses e B e =5 = e TR it
14bmes ___' P Tu_s_____ & % __ o e 12 07w1e
Sor mocenmes o BEH '_ __ iz___ i ] E"___'__ N o ___ 22 12139y
"00ds ratos adjusied for age. educaons! ang socioeconome WOQN, andema, and preterm gelnery i ~
1000s ratios agjusted for age, SdUCIDONI! 37T SOCOACONOTSC Status, weight. and angemig
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P=0.0001). The trend of increasing preterm births with increas-
ing smokeless tobacco use was highly significant (table 3; y* 127,
P =0.002).

Discussion

Smokeless tobacco use in pregnant women reduces birth weight
and increases the number of low birthweight babies. It shortens
lhcgcsmﬁona]pcriodandmwnmhcrofprﬂem
deliveries. These adverse outcomes are dose dependent and
similar to those associated with maternal smoking. Smoking dur-
mgpregmncyrcdurﬂthucightbymavmgeof‘zmg:mc
adjusted relative risks for low birth weight range from 1510 3.5 *
and for preterm delivery from 1.2 10 over 2*

Limitations

Confounding due to weight gain and over-reporting  of
gestational hypertension could not be eliminated, which Limits
the condlusions of our study. Recorded birth weights may not
have been highly accurate, but a systemaric bias is unlikely.
Although menstrual dating of babies’ gestational age in 59% of
women (n=657) was subjective, the findings were consistent
with those from women for whom ultrasound results were avail-
able. The adjusted odds ratio for preterm birth based only on
ultrasound estmates (393 non-users v 60 users) was 2.1 (1.0 10
4.1).

In a study from the United States, the association between
smoking and preterm delivery before 33 weeks’ gestation was
stronger than for later preterm delivery’ In our study we
observed a similar stronger assodiation for early preterm births,
independent of possible confounders. Preterm births in settings
where the neonatal care infrastructure is less developed can
unply a higher perinatal mortality. A greater risk of low
birthweight has been observed consistently in women using
smokeless tobacco during pregnancy: a preliminary study
reported an odds ratio of 3.2 (1.5 to 6.9) with use of mishri." and
a hospital based study on tobacco chewers observed a reduction
in birth weight of 493 g with of use.”

Unexpected finding

Unexpectedly, the prevalence of smokeless tobacco use in our
sample (17.1%) was rather low compared with the 57.5%
reported earlier from Mumbai®* This could be because our siudy
included different age groups (<35 years v > 35 years), fewer
Marathi speaking women (30% v 75%), and women of higher
educational auainment (which is inversely associated with
smokeless tobacco use; only 24% of women in our cohort were
iliterate), representing different cohorts. With a prevalence of
17% and a relatve risk of 1.6, 9.3% of low birthweight and
preterm deliveries in this population could be atributed to
smokeless tobacco use. For babies born before 32 weeks and 28
weeks, the atributable fractions were 37% and 50%.

Tobacco in smokeless form contains several carcinogenic
and toxic substances." Exposure o cotinine has been shown in
fetuses of mishri users,"” which indicates that nicotine and other
toxic substances can cross the placental barrier.

Outlook

High rates of smokeless tobacco use in young people have been
reported worldwide, including in India,"* and more so among
girls” Increasing use of smokeless tobacco could worsen the
fragile situation for mothers and babies in developing countries
and should therefore recewve specific anention as a part of
routine prenatal care
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Introduction

-

Summary

Steyn K, de Wet T, Saloojee Y, Nel H, Yach D. The influence of maternal cigarette
smoking, snuff use and passive smoking on pregnancy outcomes: the Birth To Ten
Study. Paediatric and Perinatal Epidemiology 2006; 20: 90-99.

This article describes the patterns and effects of maternal snuff use, cigarette smoking
and exposure to environmental tobacco smoke during pregnancy on birthweight and
gestational age, in women living in Johannesburg and Soweto in 1990. A cohort of 1593
women with singleton live births provided information about their own and household
members’ usage of tobacco products during pregnancy. The women completed a ques-
tionnaire while attending antenatal services. Data on gestational age and birthweight
were obtained from birth records. Women who smoked cigarettes or used snuff during
pregnancy accounted for 6.1% and 7.5% of the study population respectively.

The mean birthweight of non-tobacco users was 3148 g [95% CI3123, 3173] and that
of the smokers 2982 g [95% CI 2875, 3090), resulting in a significantly lower mean
birthweight of 165 g for babies of smoking mothers (P = 0.005). In contrast, women
using snuff gave birth to infants with a mean birthweight of 3118 £195% C13043, 3192),
which is a non-significant (P = 052) decrease (294 g) in their infants’ birthweights
compared with those not using tobacco. A linear regression analysis identified short
gestational age, female infant, a mother without hypertension during pregnancy,
coloured (mixed racial ancestry), and Asian infants compared with black infants, lower
parity, less than 12 years of education and smoking cigarettes as significant predictors
of low birthweight, while the use of snuff during pregnancy was not associated with
low birthweight. The snuff users, however, had a significant shorter gestational age
than the other two groups of women. The birthweight reduction adjusted for possible
confounders was 137 g [95% C126.6,247.3 (P = 0.015)] for cigarette smokers and 17.1 £
[95% C1 -69.5, -102.7, P = 0.69] for snuff users respectively, compared with the birth-
weight of non-tobacco users. Among women who did not smoke cigarettes or use
snuff, exposure to environmental tobacco smoke did not result in significant effects on
the birthweight of their infants.

In conclusion, infants of cigarette smokers had significantly lower birthweights than
those of non-tobacco users or snuff users who are exposed to nicotine during preg-
nancy. Passive smoking did not affect birthweight significantly in this population.

Keywords: maternal cigarette smoking, snuff use, environmental tobacco smoke, pregnancy
outcomes.

weight and size.'? The health effects of smokeless

Maternal cigarette smoking during pregnancy leads to tobacco during pregnancy have received far less atten-
many complications; the most common being retarda- tion with limited publications describing this prac-
tion of intrauterine growth resulting in a reduced fetal tice.”* Characterisation of this latter association is

©2006 Blackwell Publishing Ltd Paediatric and Perinatal E ndenuology, 20, 90-99
¥ ¥ iy .
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important for several reasons. Millions of women in
Africa and Asia use smokeless tobacco,’ and are sel-
dom advised to stop during pregnancy. Women who
use smokeless tobacco are exposed to nicotine, but not
to the combustion products in tobacco smoke, such as
carbon monoxide and cyanide, which may contribute
to fetal hypoxia and reduced birthweight.*

In South Africa, 10.7% of women aged 15 years and
older smoked regularly, but only 5.3% of black women
were found to do so. However, the women using
smokeless tobacco (mostly snuff) were found to be
predominantly black (13.2%)”

Snuff consists of ground dried tobacco leaved of the

tobacco species Nicotina tobacum and frequently con-
tains additives. Many women, especially those from a
rural background, prefer smokeless tobacco manufac-
tured at home. Snuff use by black women fulfils an
important social role in terms of relaxation with
friends and family, and for ceremonial and medicinal
purposes.” A number of commercial brands are mar-
keted in South Africa. Dry snuff is usually inhaled
through the nose or more commonly placed in the
lower labial vestibule.® The Tobacco Products Control
Act was passed in South Africa in 1993, resulting in a
decrease in cigarette use.” However, this is contrasted
by anincrease in snuff consumption of about 30% from
1.1 to 1.5 million kg between 1992 and 19951 The
snuff containers have escaped the regulations of carry-
ing health warnings that have been placed on ciga-
rettes. Furthermore, snuff containers are not required
by law to report their nicotine contents.!

Little is known about the effects of the exposure to
different tobacco products during pregnancy on the
birth characteristics of South African children. The
Birth To Ten Study (BTT) is a longitudinal birth cohort
study of determinants of growth, development and
health of children born to women resident in the
Greater Johannesburg Metropolitan area, including
Soweto. The data contain information on antenatal
exposure to tobacco products, and provide an oppor-
tunity to investigate the impact of this exposure on
birth outcomes in Johannesburg and Soweto.

Methods

Study population and data collection

The BTT study was initiated in 1990 when infants born
during a 7-week period in the Greater Johannesburg /
Soweto area were entered into the study.” A pre-

Smoking, snuff use and pregnancy outcomes 9]

enrolment phase involved identifying the cohort of
women attending antenatal services at 26-32 weeks of
pregnancy. Once the cohort enrolment period began,
efforts were made to identify and trace every birth that
occurred in the Johannesburg/Soweto area. This
included placing an interviewer in all public delivery
centres during the enrolment period, accessing the
records of public and private delivery services, birth
notification records as required by local ordinance,
mortuary records, and retrospective tracing of women
and their infants who later attended postnatal health
services in the area. As many women temporarily
moved to the city to deliver their infants, the final
definition of the cohort was based on birth, as well
as on continuous residence in the defined area for
6 months after delivery.

Pairs of mothers and infants with complete data on
their tobacco-use patterns and the infants’ birth out-
comes were included in this study. Trained interview-
ers interviewed mothers by questionnaire at antenatal
visits and in a few cases shortly after delivery. Demo-
graphic data, healthcare provision, current and previ-
Ous pregnancies, social support for the mothers,
planned feeding methods for their infants, their use of
tobacco products and alcohol, and their exposure dur-
ing pregnancy to smoking in the household were
obtained. Details of the outcome of the pregnancy
were obtained from the official birth notifica tion forms
completed at each birth. Notification forms contain the
following information: mother’s identity, age, marital
status, employment and parity; date, place, time and
type of delivery; and infant’s sex, birthweight, esti-
mated gestational age (usually based on date of Jast
menstrual period, palpation, or an ultrasound scan
when available).

Asset index

The income of families of infants entered into the
cohort study could not be determined. An asset index
based on amenities available in the home and environ-
ment was developed, using “an iterated principal fac-
tor analysis’. This method was suggested by the World
Bank." An asset index was constructed from 13 items
that had a loading on the first factor >0.3 or <-0.3. The
items with positive loadings >0.3 on factor 1 were: a
water-closet system inside the home, hot and cold run-
ning water indoors, a separate bathroom, washing
machine, employing a domestic worker, having a
motor vehicle and telephone at home, living in a flat,

©2006 Blackwell Publishing Ltd. Paediatric and Perinatal Epidemiology, 20, 90-99
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Table 1. Sociodemographic and other characteristics of the 1593 women who used no tobacco, compared with those who used snuff or smoked cigarettes during pregnancy

Pair-wise comparisons

All Non-tobacco Snuff Overall
subjects users (NT) Smokers (S) users (ST) P-value NT: ST 8§T:S NT:S

Numbers (%) 1593 1376 (86.4) 97 (6.1) 120 (7.5)
Maternal age [mean (SD)] 256 (5.7) 25.1 (5.6) 27.6 (5.7) 289 (6.1) <0.0001 <0.0001 0.1041 <0.0001
Asset index

% in poorest tertile 33.0 337 83 45.0 <0.0001 0.0031 <0.001 <0.0001

"% in middle tertile 34.0 347 19.6 37.5

% in wealthiest tertile 33.0 316 722 17.5
Population group

% Black (n = 1253) (row percentage) 78.7 B1.5 (89.5) 12.4 (1.0) 100.0 (9.5) <0.000 <0.0001 <0.0001 <0.0001

% Coloured (n = 157) (row percentage) 99 7.9 (69.4) 495 (30.6) 0.0

% Asian (n = 82) (row percentage) 5.2 5.2 (87.8) 10.3 (12.2) 0.0

" White (n = 101) (row percentage) 6.3 5.4 (73.3) 27.8 (26.7) 0.0
% who had 212 years’ schooling 259 279 19.6 8.3 <0.,0001 <0.0001 0.0154 0.0774
% who earned money during pregnancy 38.6 35.8 68.0 46.7 <0.0001 0.8669 <0.0001 <0.0001
% unmarried 64.6 65.5 49.0 67.5 0.0005 0.0740 0.1013 0.0003
% with insufficient money for basic needs 17.4 168 15.6 25.4 0.0003 0.0207 0.2504 0.0006
% who belonged to a medical aid 20.6 198 50.6 6.8 0.0206 0.1780 0.3317 0.0105
" whose partner helped with child care 65.7 65.1 79.8 59.0 0.0025 0.7856 0.0498 0.0007
% who had people to help with problems 815 829 77.1 68.9 <0.0001 0.0180 0.0016 <0.0001
% who discussed problems with others 85.7 86.8 753 B15 0.0038 06534 0.0059 0.0011
% who had had a break-up with partners 15.1 138 258 207 0.0017 0.0436 0.3821 0.0016
" who exclusively breast fed 70.7 728 39.6 77 0.0130 0.2674 0.0043 0.0084
% who bottle and breast fed 220 214 31.3 242 0,0004 0.0002 0.1817 0.1496
% who exclusively bottle fed 7.2 6.0 29.2 4.1 0.0030 0.1085 0.2641 0.0016
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Table 2, Pregnancy exposures, experiences and outcomes of women who used no tobacco, compared with those who used snuff or smoked cigarettes during pregnancy

Pair-wise comparisons

All Non-tobacco Snuff Overal| —
subjects users (NT) Smokers (S) users (ST) P-value NT:SsT ST:S NT:s

e e =T e e e e T o
"» who used contraception 60.9 59.9 57.7 742 0.0074 0.0190 0.0106 0.6701
"o with an unwanted pregnancy 59.0 58.6 78.7 474 <0.0001 0.0488 <0.0001 0.0001
" with a partner who smoked 537 51.8 71.6 60.5 0.0005 0.0740 0.1013 0.0003
“a with members of household who smoked 59.1 57.1 75.3 68.1 $.0003 0.0207 0.2504 0.0006
" who used any alcohol 103 8.0 46.3 76 <0.0001 0.8669 <0,0001 <0.0001
(-mvidily [mean (SD)) 22(1.3) 2.1(1.3) 2.7 (1.6) 2.9 (1.6) <0.0001 <0.0001 0.3931 0.0002

Median (range) 2.0 (1-8) 2.0(1-8) 2.0 (1-8) 30(1-8)
Parity [mean (SD)) 21(1.2) 20(1.2) 24 (14) 27 (1.5) <0.0001 <01.0001 0.2067 0.0010

Median (range) 2.0 (1-8) 2.0 (1-8) 2.0(1-7) 20 (1-8)
" who had vaginal bleeding 6.6 6.0 129 84 0.0226 0.2862 0.2864 0.0081
% who had high blood pressure 55 5.1 1.7 5.0 0.0227 0.9948 0.0749 0.0062
% admitted to hospital 76 8.0 17.8 44 0.0015 01717 0.0019 0.0015
% who had assisted deliveries 9.5 9.1 143 11.7 0.4461 0.4112 0.6922 0.3007
Birthweight (g) [mean (SD)) 3135.3 (474.8) 3147.6 (473.9) 2982,35 (535.2) 3118.2 (410.9) 0.0176 0.5170 0.0733 0.0052
[95% CI) [3112, 3158) (3122, 3172) (2874, 3090) [3043, 3192)
% low birthweight (<2.5 kg) 8.7 83 16.5 75 0.0194 0.7607 0.0391 0.0060
Gestational age (weeks) [mean (SD)) 38.3(1.6) 383 (1.5) 38.7 (2.4) 379 (1.4) <0.0001 0.0026 <0.0001 <0.0001
[95% ClI] [38, 38] [38, 38) [38, 39] [37, 38)
% small-for-gesta tional-age infants (<10th percentile) 73 7.0 14.3 4.2 0.0152 0.2466 0.0102 0.0111
% preterm (<36 weeks) 28 24 99 1.7 0.0001 0.6302 0.0085 <0.0001
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a self-owned house, and the children having toys. The
following items have a negative loading <-0.3 on fac-
tor 1: number of occupants per room, a tap and a toilet
outside the home only. Infants entered into the BTT
study were classified into three categories, those with
the highest asset index, the middle group, and those
with the lowest asset index.

Birth outcomes

The birth outcomes studied were birthweight (low
birthweight <25 kg), gestational age (preterm
<36 weeks) and size according to the gestational age
(small-for-gestatignal-age <10th percentile).

Analyses

After data processing, the participants were categor-
ised as non-smokers (NS), cigarette smokers (S) and
those using smokeless tobacco, most frequently in
the form of snuff (ST). The statistical analyses were
performed using the SAs System for Windows (SAS
Institute Inc,, Cary, NC, USA). Categorical data were
compared using the chi-squared test, and continuous
data using the Wilcoxon ranks sum test for indepen-
dent samples. The non-parametric Kruskal-Wallis test
was used for the variables in Table 4 that were not
symmetrically distributed, as well as the small number
of women (n =269) in the group with high exposure to
environmental tobacco smoke (ETS) compared with
the other groups. Linear regression analyses were per-
formed to identify those variables that independently
influenced birthweight. Two forms of exposure to
tobacco products were considered. The first analysis
was carried out for all the participants with the ciga-
rette smoking variable included after the exclusion of
those who used snuff. The second analysis was per-
formed for the black mothers with the smokeless
tobacco use variable, snuff use, entered after the ci ga-
rette smokers were excluded. Snuff use was reported
only by black mothers.

The variables included in the regression model as
continuous ones were gestational age, asset index,
mother’s age and parity of current pregnancy. The
dichotomous variables entered were: the infant’s sex
(boy, girl); mother with hypertension during preg-
nancy (yes, no); population group white (of European
descent) (yes, no); population group black (of African
descent) (yes, no); population group coloured (of
mixed racial descent, i.e. Koi, San, European, African

©2006 Blackwell

and/or Malayan) (yes, no); population group Indian
(of Indian descent) (yes, no); >12 years or <12 years
of education; alcohol consumption (yes, no); wanted
pregnancy (yes, no); worked for an income during
pregnancy (yes, no); living with partner (yes, no); dur-
ing the last 6 months there was insufficient money for
basic needs, such as food, clothes or rent (yes, no); the
mother was admitted to hospital during the pregnancy
(yes, no). For the first regression analysis, cigarette
smoking (yes, no) was entered, and for the second
analysis, snuff use ( yes, no) was entered. Linear regres-
sion models were fitted by entering variables that
showed some indication in ufivariate analyses that
they might be possible confounders for the relation-
ship between tobacco use and birthweight.

Results

Complete data sets with antenatal and delivery data
were available for 1593 mothers with live born single-
tons between April and June 1990 (Table 1). Most
mothers were black (78.7%), while 9.9% were of mixed
racial ancestry (coloured), 6.3% were white, and 5.1%
Asian. Unmarried mothers accounted for 64.6% of the
study population. During their pregnancy, 38.6% of the
mothers eamned money, while only 20.6% had medical
insurance. Most mothers would have used the public
health sector for their antenatal care.

The prevalence of tobacco use in this sample was
low; most mothers (86.4%) used no tobacco, 6.1% used
snuff, and 5.7% smoked cigarettes. None of the women
used both cigarettes and snuff. Significant sociodemo-
graphic differences were present among the groups.
The snuff users were black and from lower socio-
economic circumstances, A quarter had insufficient
money for basic needs, were more frequently unmar-
ried, and had less formal education than the other
groups. On average, the women who smoked during
pregnancy had higher socio-economic standing, more
of them earned money during the pregnancy and had
health insurance, and they were more likely to be mar-
ried and receive support from their partners than the
other two groups. The non-smokers were less likely to
have earned money during their pregnancy; and were
more likely to receive support from others than those
who used tobacco products.

Women who smoked were found to be least likely
to plan breast feeding their infants - they intended to
bottle feed more frequently than the other groups of
women. Women who smoked had more unwanted

ublishing Ltd. Paediatric and Perinatal Epidemiology, 20, 90-99
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Table 3. Results of a linear regression analysis of the determinants,

including either tobacco smoke® or snuff use in the African population on birthweight in 1990

Birthweight differences in all women (excluding snuff use)

Birthweight differences in African women (excluding
Adjusted R’ = 0,2300 tobacco smokers) Adjusted R? = 0.1525
Differences in birthweight (g)  P-value [95% CI) Differences in birthweight (g)  P-value [95% CI]
Intercept -2046.3 <0.0001 [-2734, -1357) -13974 0.0007  [-2203, -591]
Gestational age in weeks of gestation” 123.0 <0.0001 [108, 137) 1135 <0.0001 (96, 130]
Asset index (continuous variable)” 56 0.1048 [-1,12] 3.2 0.3657 [-3.10)
Infant’s gender: boy /girl -67.8 0.0042 [-114, -21) -734 0.0034 [-122, -24)
Mother with hypertension: yes/no 1617 0.0027 [56, 267] 1199 0.0598 (-4, 244
Mother’s age (continuous variable)’ 02 0.9429 [=6, 6] -2.0 0.5608 [-8, 4)
Population group
White compared with African 107 0.8921 [-143, 164]
Coloured compared with African -163.7 0.0019 [-266, -60]
Asian compared with African -4354 <0.0001 [-573, -297) - !
arity (continuous variable)” 54.0 0.0002 (25, 82] 55.6 0.0002 [26, 84)
Level of education: 212 vears: yes/no -60.0 0.0456 [-118, -1) -82.3 0.0117 [-146, -18)
Used alcohol during pregnancy: yes/no B86.8 0.1039 [-17,191] 614 0.3810 [-76, 198]
Wanted pregnancy: yes/no -15.2 0.5472 [-64, 34) =122 0.6405 [-63, 38)
Mother worked during pregnancy: yes/no 17.8 05237  [-37,72) ~120 ' 0.6861 [~46, 70)
Mother lived with partner: yes/no 121 0.6852 [-46, 70] 228 0.4677 [-38, 84)
Smoked tobacco: yes/no -137.0 0.0150 [-247, -27) - - &=
Used snuff: yes/no - = - =171 0.6948 [-103, 69)
Had sufficient money for basic needs: no/yes 58.7 0.0624 [-3, 120) 419 0.1873 [=20, 104)
Mother admitted to hospital during pregnancy: yes/no 0.6 0.9851 [-57, 58] -17.0 0.6002 [-80, 46)

'When tobacco was entered into regression, all snuff users (n =100) were excluded, When snuff use was entered for all black women, all smokers (1 = 12) were excluded.
“For each one unit by which this continuous variable differed, the birthweight difference in g is given. For the dichotomous variables, the average difference in birthweight in gis

provided for the two categories of the variables.
Cl, confidence interval.
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. but were exposed to a varying amount of environmental tobacco smoke (ETS)

y outcomes of women who did not smoke

Table 4. Comparison of the characteristics and pregnanc

(n=1376)

Pair-wise comparisons:
Wilcoxon ranks sum test

NS Women
exposed to more

NS women

exposed to

NS women
not exposed
to ETS (NSQ)

one smoker than one smoker Kruskal-Wallis

at home (ES)

All non-
smokers (NS)

P-value
NSO : EMS

P-value

P-value
NSO : ES

test (General

at home (EMS)

K. Steyn et al.

ES: EMS

n =470 n =269 linear model)

559

n

1376

s

0.3456 0.0009 <0.0001

0.0001

25.2 (5.4) 238 (5.1)

[24, 25]

25.7 (5.8)

25.1 (5.6)

Mean age of mother (SD)

[95% C1]

<0,0001

<0.0001

L]

[23, 24]

[25, 26)

[24, 25]
-0.15 (4.91)

0.2383

-

<0.0001

-1.54 (4.21)
[=2, +1]
3136.9 (483.0)
(3078, 3194]

-0.10 (4.82)
[-1, +0]
3141.6 (468.1)
[3099, 3184]

0.44 (5.18)

[0, 0)
3152.1 (469.2)

Mean asset index (SD)

[95% CI1)

[0, +0]

3147.6 (473.9)

0.6272 0.9195 0.8125

0.8923
(0.8921)
0.1138
(0.1054)

Chi-square

Mean birthweight (g) (SD)

[95% ClI|

[3113, 3191]

[3122, 3172)

0.4685 0.0482

0.1614

384 (14) 382 (1.6) 38.2 (1.5

38.3 (1.5)

Gestational age (weeks) (SD)

195% CIJ

[38, 38)
7.5%

[38, 38]
6.4%

(38, 38
8.2%

[38, 38]
7.4%

Chi-square Chi-square

Chi-square

Small-for-gestational-age

0.5451 0.7396

0.2657

0.5372

(SGA) (£10th percentile)

ClI, confidence interval,

pregnancies, were more often exposed to ETS, and
used alcohol more frequently during their pregnancy
than the other groups (Table 2). Complications during
pregnancy, like vaginal bleeding, hypertension or
being admitted to hospital were higher in cigarette
smokers than in the other groups. Significant differ-
ences in mean birthweight, small-for—gestational-age
(<10th percentile) and preterm infants (<36 weeks’ ges-
tation) were found among the three groups of women._
The mean birthweight of non-tobacco users was 3148 g
[95% CI 3123, 3173] and that of the smokers 2982 ¢
[95% CI 2875, 3090], resulting in a significantly lower
mean birthweight of 165 g for babies of sm&king moth-/
ers, despite having significantly longer gestational
ages. In contrast, women using snuff gave birth to
infants with a mean birthweight of 2982 g [95% CI
2875, 3090], which is a non-significant decrease (29 4 g)
in their infants’ birthweights compared with those not
using tobacco. Cigarette smokers had more small-for-
gestational-age and preterm infants than the other two
groups of women.

Table 3 provides the results of the linear regression
analyses. The first regression with all the women
entered and smoking as the tobacco exposure (exclud-
ing snuff users), found that lower birthweight was
significantly associated with the following variables:
shorter gestational age, female infant, mother with
hypertension during pregnancy, coloured and Asian
infants compared with black infants, lower parity,
<12 years of education and smoking tobacco. When the
regression analysis was performed for black mothers
with snuff use as the only tobacco exposure, the latter
was not found to be associated with birthweight. Low
birthweight was also found to be associated with
shorter gestational age, female infants, low parity, and
<12 years of education.

A logistic regression analysis was performed with
small-for-gestational-age as the outcome variable. The
same associations for the tobacco exposure variables
were found as that of the linear regression with low
birthweight as the outcome. Tobacco smoke was inde-
pendently associated with small-for-gestational-age,
while snuff use was not associated (data not shown).

A comparison of the characteristics and pregnancy
outcomes of women who did not smoke, but were
exposed to zero, one or more cigarette smokers in the
home is shown in Table 4. The mothers who were
exposed to two or more cigarette smokers in the home
were younger and poorer (lower asset index) than the
other two groups. There was no significant difference

©2006 Blackwell Publishing Ltd. Paediatric and Perinatal Epidemiology, 20, 90-99
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between the mean birthweights of infants born to
mothers exposed to ETS and those who were not.

Discussion

These data report the patterns and impact of different
forms of tobacco exposure during pregnancy in South
African women and their infants. Smoking tobacco
was independently associated with low birthweight
in Johannesburg and Soweto. Previous studies have
found a remarkably constant 175-200 g difference in
birthweight between cigarette smokers’ and non-
smokers’ infants.*® The difference in this study
(165 g) was slightly below this range. In this setting,
snuff use during pregnancy had minimal effects on
fetal growth, suggesting that the amount of snuff
used was less harmful, and lower blood nicotine lev-
els are present than have been reported in India and
Sweden.** Gupta and Sreevidya® found that smoke-
less tobacco use during pregnancy was associated
with an average reduction in birthweight of 105¢
[95% C1 30, 181] and delivery before the 37th week of
pregnancy. In Johannesburg and Soweto, the mean
birthweight of infants of snuff-using mothers was
29.4 g less than that of those black women who did
not use snuff, and 17.1 g less after correcting for other
possible confounding variables in the linear regres-
sion analyses.

We could not record the amount of snuff used by the
women in this study. It is possible, however, that their
levels of snuff use may have been below the critical
level of nicotine intake that will harm the unborn
infant. However, a recent study by Ayo-Yusuf et gl "’
estimated, through laboratory analyses, that the typi-
cal amount of snuff used by South Africans would be
sufficient to develop nicotine dependence. This could
be equivalent to the amount of nicotine supplied by
smoking a packet of 20 cigarettes per day. In this study,
mean gestational age among snuff users was signifi-
cantly reduced compared with non-tobacco users and
cigarette smokers (Table 2). However, the preterm rate
of <36 weeks’ gestation in snuff users was significantly
lower than in non-tobacco users. Snuff use is usually
initiated for cultural reasons and is considered to have
medicinal properties.® This is also encouraged, as it is
socially more acceptable for black women than smok-
ing, and less expensive than cigarettes. The increasing
use of smokeless tobacco by women of childbearing
age supports the need for intensified action to control
snuff use in South Africa.

Smoking, snuff use and pregnancy outcomes 97

Previously published studies of passive smoking in
pregnancy indicate a small decrease in birthweight
among women who have been exposed to ETS, The
size of the effect found is a 28 g reduction in
birthweight according to a pooled estimate from 16
studies.™ Mainous and Hueston,” however, found a
threshold effect of the level of exposure to passive
smoking and low birthweight. In this study, the 15.1g
decrease in birthweight between the women not
exposed and those exposed to more than one cigarette
smoker in the home was non-significant. This could
suggest that the critical threshold of exposure to ETS
resulting in low birthweight, as identifieq by Main-
ous,” might not have been experienced by these
women.

Caution is required in interpreting our results, as the
pregnant mother’s status of tobacco use could not be
confirmed by objective measures, such as cotinine
or carbon monoxide measurements. In addition, con-
scious misreporting of tobacco use by pregnant
women may play a role, as most South African women
are aware that cigarette smoking is detrimental to the
health of their unborn child ® However, misclassifica-
tion of tobacco users as non-users will bias outcomes
towards no effect, and no information on daily con-
sumption levels was obtained. Therefore, we could not
look for dose-response effects. Other unrecorded fac-
tors that may affect birthweight are the mother’s pre-
pregnancy weights, weight gain during Pregnancy and
her nutritional intake before and during Pregnancy.
These women were recruited during their third trimes-
ter and consequently, the impact of tobacco products
on early fetal loss cannot be excluded. The availability
of other obstetric outcomes and their relationship to
tobacco use would also have been useful.

The profile of the women who used tobacco prod-
ucts during pregnancy identifies two target groups for
intervention. The Cigarette smokers seem to be the
group with higher socio-economic status, a higher
marriage and unemployment rate, and with a remark-
ably high rate of unwanted pregnancies. Their high
rate of alcohol use and unwanted pregnancies suggests
there are other life-style factors that could also impact
on the well-being of their unborn children.

The group of snuff users represents women who are
black, mostly poor, with limited health insurance, and
less formal education. This Broup comprises about
10% of the black pregnant women. Snuff use js socially
acceptable and would not be perceived as harmful to
the unborn child. It is unlikely that public sector ante-

©2006 Blackwell Publishing 1td. Paediatric and Perinatal E pidemiology, 20, 90-99
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natal services mention smokeless tobacco use as a pos-
sible threat to a woman during pregnancy.

This study has identified the need to reduce tobacco
smoking during pregnancy in South Africa, par-
ticularly in the coloured community where the smok-
ing rate is extremely high and poor pregnancy
outcome.”" A further long-term detrimental effect of
smoking during pregnancy is the evidence of an ele-
vated risk of tobacco dependence among offspring of
mothers who smoked during pregnancy.” The health
perceptions relating to snuff use should also be
addressed. Even if the effects of snuff use were not
shown to have an impagt on pregnancy outcomes in
this study, smokeless tobacco use is harmful to the
unborn infant” * and to the mother’s own health.
Smokeless tobacco could also cause cancer and a num-
ber of non-cancerous oral conditions. Nicotine may
also play a role as a cofactor in smokeless tobacco
carcinogenesis.*’ Ideally, all women and particularly
pregnant women, should eliminate all exposure to
tobacco products and nicotine.
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Objective To compare the effects of Swedish snuff and cigaretie
smoking on risks of preterm birth.

Design Population-based cohort study.
Setting Sweden.
Population All live, singleton births in Sweden 1999-2006.

Methods Odds ratios (OR) with 95% confidence intervals (CI)
were used 10 estimate relative risks for preterm birth in snuff
users (n = 7607), light smokers (1-9 cigarettes/day; n = 41 436)
and heavy smokers (ten or more cigarettes/day; n = 16 951)
using non-tobacco users {n = 503 957) as reference.

Main outcome measures Very (<32 weeks) and moderately
(32-36 weeks) preterm birth.

Please cite this paper as: Wikstrom A-K, Cnattingius S, Galanti M, Kieler H, Ste
BJOG 2010; DOI: 10.1111/).1471-0528.2010.02575 x.

Introduction

Preterm birth is a leading cause of neonatal and infant
mortality as well as short- and long-term disability."” The
preterm birth rate has risen in several industrialised coun-
tries, including in the United States where the rate has
increased from 9.5% in 1981 to 12.7% in 2005.°

Smoking during pregnancy is associated with an increased
risk of preterm birth, especially of spontaneous onset, but
the mechanism is unclear.>® Smokeless tobacco contains
and delivers quantities of nicotine comparable to those typi-
cally absorbed from cigarette smoking, but does not result
in exposure to the products of combustion, for example car-
bon monoxide.”* There are two main forms of smokeless
tobacco: chewing tobacco and snuff. Among the high-
income countries, Sweden has the highest per capita con-
sumption of smokeless tobacco, predominantly in the form
of snus, which 1s an oral moist snuff. The Swedish snuff con-
tains lower levels of some harmful substances, for example
nitrosamines, than many of the brands available in North

Results Compared with non-tobacco users, snuff users had
increased risks of both very (adjusted OR 1.38; 95% 1.04-1.83)
and moderately (adjusted OR 1.25; 95% CI 1.12-1.40) preterm
birth. Compared with non-tobacco users, light smokers had
increased risks of both very (adjusted OR 1.60; 95% I |.42 -1.81)
and moderately {(adjusted OR: 1.18; 95% CI: 1.12- 1.24) preterm
birth, and heavy smokers had even higher risks. Am ong smokers,
but not among snuff users, the risk was more pronounced for
spontaneous than induced preterm birth.

Condlusions The use of Swedish snuff was associated with
increased risks of very and moderately preterm birth with both
spontaneous and induced onsets. Swedish snuff is not a safe
alternative to cigarette smoking during pregnancy

Keywords Pregnancy, premature

birth, smokeless, snuff, tobacco.

phansson O. Effect of Swedish snuff (snus) on preterm binh.

America and some low-income countries.” Globally, the use
of smokeless tobacco has increased and the largest increase
has occurred in women of childbearing age.”'® Possible
effects of smokeless tobacco on risk of preterm birth have
been investigated in only a few studies with somewhat
ambiguous results, indicating lower,"' unaltered!'? and
higher" risks of preterm birth (<37 weeks) in women using
smokeless tobacco during pregnancy compared with
non-tobacco users. One of these studies was based on the
Swedish Medical Birth Register, including the first 2 vears of
registration of snuff use among pregnant women.'*

Data from the Birth Register are now available for six
additional years, which made it possible to estimate the
potential effects of Swedish snuff on preterm birth in
greater detail. Specifically, we wanted to investigate snuff
use in relation to severity and onset {spontaneous or
induced) of preterm birth. We also aimed to compare the
effects of snuff and smoking, to disentangle the possible
effects of nicotine versus tobacco combustion products on
preterm birth.
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Methods

Study design

Information from the Swedish Medical Birth Register was
used to define the study population. Women born in the
Nordic countries (Sweden, Norway, Denmark, Finland or
Iceland) who delivered a live, singleton infant between
1999 and 2006 were included in the study (n = 610 757).
The Birth Register contains data on more than 99% of a]]
births in Sweden and includes demographic data, informa-
tion on reproductive history and complications that occur
during pregnancy, delivery and the neonatal period.'"* By
means of each individual’s unique national  registration
numpber, the Birth Register can be linked with other Swed-
ish data sources.

In Sweden, gestational age is assessed by ultrasoung
scans in 95% of women, usually around the 17th week of
gestation."* If no early second-trimester ultrasound scan
was available, the last menstrual period was used to calcy.
late gestational age at delivery. We excluded 558 pregnan-
cies with missing  information on gestational age  at
delivery.,

In the Birth Register, information about cigarette smok-
ing has been recorded since 1983 and about snuff use since
1999. The information about tobacco use is collected by
midwives at the woman’s first antenatal visit, which occurs
before the 15th week of gestation in more than 95% of the
pregnancies.'® Tobacco use s categorised, as reported by
the women, into: noncurrent tobacco user, current snuff
user, current light smoker (one to nine cigarettes per day),
and current heavy smoker (at least 10 cigarettes per day).
In all, 39 767 pregnancies (6.5%) had complete missing
information about current tobacco use. For the purpose of
this study, pregnancies  where maternal smoking  was
recorded but with missing information about snuff use
(n =41 351) were considered as exposed to smoking only.
Conversely, pregnancies where snuff use was recorded but
with missing information about smoking (n = 2039) were
included as exposed to snuff only. Whenever maternal
tobacco use was recorded as absent for one product and
information about the other was missing (n = 673), the

corresponding pregnancies were included as related 1o non-
tobacco users. As a consequence, in this study we analysed
the following mutually exclusive Categories of exposure for
the pregnancies included in the Register (Table 1): non-
tobacco  users (n = 503 957);  exclusive snuff user
(n = 7607); exclusive light smoking (n = 4] 436), exclusive
heavy smoking (n = 16 951) and current use of both snuff
and cigarettes (n = 481).

Births before 37 weeks of gestation were considered pre-
term and were categorised into very (before 32 weeks) and

of ety (€32 k) an vt (32-36 weeks). |
:.' -- .> .-4._‘ .. Mx 2 "i“ ‘ﬁ._é‘,,.

110 265 0.77 L an
172 764 064 437
280 890 058 391
173 1.02 6.05
547992  osg a1
26937 - pga4 506
35270 - j68 661 -
610199 - 4040 :

26215

recorded in a standardised manner by the midwife a the
delivery ward, and s categorised into Spontaneous onset of
labour, induced onset of labour, and caesarean birth before
the onset of labour. In this study, onset of birth was
divided into spontancous and induced (i.e, induced onset
of labour or caesarean birth before onset of labour). All

@ spontaneous onset of birth,
Information on maternal age at birth, early pregnancy

moderately (32 weeks + 0 days to 36 weeks + 6 days) pre- body mass index (BMI, categorised into underweight:
term births. Information about onset of birth js routinely  <2q kg/m*, normal weight:  20-24.9 kg/m?, overweight:
2 & 2010 The Authors journal compilation € RCOG 2010 BIOG An Iniernatona Jourra ot Qostetrics ang (Jynao(olog-,

935



25-29.9 kg/m’ or obese: 230 kg/m’), parity and whether
the woman was living with the infant’s father were
obtained from the Birth Register. Through linkage with the
Education Register, information on the number of years of
formal education completed as of 1 January 2008, was
obtained and categorised as <9, 10-11, 12, or 13 years or
more.

The study was approved by one of the Regional Ethical
Review Boards in Stockholm, Sweden. The board did not
require the women to provide informed consert. -

Statistical analysis

SAS proc GENMOD {SAS Institute Inc., Cary, NC, USA)
was used to estimate the association between tobacco habit
and risk of preterm birth and onset of delivery. Odds ratios
(OR), presented with 95% confidence intervals (CI), were
calculated before and after adjustments for maternal char-
acteristics. Women who reported daily use of both snuff
and cigarettes and women with missing information on
tobacco consumption were excluded from the analysis.
Snuff users, light smokers and heavy smokers were analysed
separately and non-tobacco users were used as reference
group. We considered as potential confounders: maternal
age at delivery, early pregnancy BMI, parity, years of formal
education and whether the woman was living with the
infant’s father. The last variable was not associated with
any of the outcomes and was excluded from the final
model. All analyses were performed using the StaTisTicar
ANALYSIS SOFTWARE version 9.1 (SAS Institute, Inc., Cary,
NC, USA).

Results

In the cohort, 1.2% of the women exclusively used snuff,
6.8% were light smokers, 2.8% were heavy smokers and
0.08% used both snuff and cigarettes in early pregnancy.
We had no information on tobacco use in 6.5% of the

Effect of Swedish snuff on preterm b.‘nhﬁ|

cohort. Among 610 199 births, 5.0% were preterm with
0.7% (n = 4040) very preterm and 4.3% (n =26 215)
moderately preterm (Table 1). Women who used snuff and
women who smoked cigarettes during pregnancy had
higher rates of preterm birth than women who did not use
tobacco. High rates of preterm birth were also seen in the
youngest and in the oldest mothers, in women either
expecting their first child or their fourth or higher order
child, and in women who were underweight or obese in
early pregnancy. Rates of preterm birth increased with
decreasing length of formal education and were higher for
women who were not living with the infant’s father than
for women who were living with the infant’s father.

Women who used snuff at the first antenatal visit had a
higher risk of moderately and very preterm birth than non-
tobacco users, also after adjusting for maternal age, parity,
BMI and years of formal education (Table 2). Cigarette
smokers also had higher risks of preterm birth than non-
tobacco users, and risks increased with amount smoked
(Table 2).

For snuff use, we found that the overall adjusted OR
related to preterm birth was 1.27 (95% CI 1.14—1.41). Data
from the Swedish Birth Register between 1999 and 2000
have been used in a previous study."”” When we repeated
the analysis after restricting the study population to women
giving birth in 2001-2006, snuff users had an OR for pre-
term birth of 1.24 (95% CI: 1.06-1.39).

Of all preterm births, 70% had a spontaneous, 27% had
an induced and 3% had an unknown onset of labour.
Compared with non-tobacco users, snuff users had
increased risks of both spontaneous and induced preterm
birth (adjusted ORs 1.25; 95% CI 1.10-1.41 and 1.33; 95%
CI 1.10-1.61, respectively). Smokers also had increased
risks of both spontaneous and induced onsets of preterm
birth compared with non-tobacco users, but the association
was stronger to preterm birth with a spontaneous onset,
especially for heavy smokers (Table 3).

e

Referénce
1,34 (1.03-1.75),

1.74 (1.56-1.93)
00 (1.73-2.33)
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related risk for spontaneous than induced preterm birth_3
In contrast 1o cigarette smoking, which includes nicotine
as well as carbon monoxide and a large number of com-

sole substance that has been clearly implicated in pregnancy
= Our finding that both smuff and cigarette
smoking are associated with preterm birth suggests that

presenting with elective birth for fetal or materna) indica-
tions. To our knowledge, our study is the first to evaluate
the association between smokeless tobacco and onset of

stronger for spontaneous than for induced preterm birth_>
The present study included more than 7600 Pregnancies
exposed 1o smokeless tobacco use, which is a considerably
larger sample than in the former studies, which included
between 100 and 800 users -3 A South African study

€ 2010 The Authors Journal compiiation

reported a lower risk of preterm birth (<36 weeks) in snuff
users compared with non-users, though the mean gesta-
tional age for all births was lower in snuff users than in
non-users and in smokers_!!

investigated in relation 1o preterm birth by severity.'? The
authors could only report a tendency (p = 0.06) for a
higher risk (OR 1.4) of preterm birth (36 weeks or earlier)

arately, the reported ORs for smokeless tobacco users were
4.9 and 8.0, respectively. We could not confirm these high
nisks. In the Indian Population, chewing tobacco was used,
mostly in the form of mishri, which is a Pyrolysed and
powdered tobacco used as tooth paste.

However, the studies from South Africa and India also
raise concerns about residual confounding.

In a previous study from the Swedish Birth Register thar
included 789 snuff users giving birth between 1999 and

© RCOG 2010 BJOG an International Journal of Cbstetncs ang Lynaecology
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2000, an odds ratio of 1.98 was found for preterm birth
(36 weeks or earlier) for snuff use compared with non-use
of tobacco."” When we in the present study assessed 6783
snuff users giving birth between 2001 and 2006, the corre-
sponding association was considerably weaker (OR 1.21).
Apart from slight differences in inclusion and exclusion cri-
teria between the two studies, a plausible explanation for
this discrepancy between risk estimates is that pregnant
snuff users in the most recent years may have decreased
their consumption or stopped using snuff in late pregnarcy
after hearing about the reports on adverse pregnancy out-
come among snuff users. However, given the differences in
number of exposed individuals between the studies, the
previously reported relative risk'*> may have been overesi-
mated.

A major strength of the present study is the nationwide
population-based design with information on current
tobacco use at the first antenatal visit in 93.5% of the preg-
nant population. We adjusted for confounding variables
such as maternal age, BMI, parity and socio-economic sta-
tus measured as years of formal education and whether the
woman was living with the infant's father. In addition,
the relatively homogeneous population of women born in
the Nordic countries, the fact that antenatal and obstetric
care is free of charge with standardised management rou-
tines and that more than 99% of births are delivered in
public hospitals, should minimise, but cannot eliminate,
the potential for residual confounding by unmeasured
socio-demographic factors or differences in management.
Another strength of the study is that information about
current tobacco use was collected by interviews in early
pregnancy, before the onset of potential adverse pregnancy
outcomes, which precludes recall bias. Moreover, gesta-
tional age was assessed during the second trimester by
ultrasound scans in almost all pregnancies.'” Self-reported
information on smoking during pregnancy is valid in Swe-
den,'” but we lack validation studies with respect to snuff
use. Another limitation is that categories of tobacco use
were based on information only from one time-point in
ecarly pregnancy. Some women may have stopped using
tobacco later in pregnancy, while about 10% of the women
who stop smoking in early pregnancy are estimated to
resume later in pregnancy.”

Use of Swedish snuff seems to be less harmful than ciga-
rette smoking concerning risks for cardiovascular disease
and cancer, and the role of Swedish snuff in smoking harm
reduction has been discussed internationally.”’ The ban of
smoking in public places, a public health measure with
known effects on smoking reduction at the population
level,”” may be followed by a global increase in Swedish
snuff use because of its promotion by international ciga-
rette manufacturers. Promoting snuff use to reduce smok-
ing might have some beneficial effects, but may also lead to

Effect of Swedish snuff on preterm birth |
|

recruitment of new tobacco users, predominantly using
snuff.”> The findings of an association between snuff use
and preterm birth plead against promoting snuff as an
alternative nicotine source during pregnancy.

In conclusion; the use of Swedish snuff during pregnancy
is associated with increased risks of both very and moder-
ately preterm birth. Swedish snuff seems not 1o be a safe
alternative to cigarette smoking during pregnancy.
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Abstract The impact of snus (smokeless tobacco or
snuff) on gastrointestinal symptoms and pathological
findings is largely unknown. The authors aimed to inves-
tigate whether the exposure to different forms of tobacco
influences upper gastrointestinal symptoms, histology and
frequency of Helicobacter pylori infection. A random
sample (n = 2,860) of the adult population of two northern
Swedish municipalities Kalix and Haparanda (n = 21,610)
was surveyed between December 1998 and June 2001
using a validated postal questionnaire assessing gastroin-
testinal symptoms (response rate 74.2%, n = 2,122) (The
Kalixanda Study). A random sub-sample (n = 1,001) of
the responders was invited to undergo an esophagogas-
troduodenoscopy (participation rate 73.3%) including
biopsies, Helicobacter pylori culture and serology and
symptom assessment and exploration of present and past
use of tobacco products. No symptom groups were asso-
ciated with snus use. Snus users had a significantly higher
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prevalence of macroscopic esophagitis univariately but
snus use was not associated with esophagitis in multivari-
ate analysis. Snus use was associated with basal cell
hyperplasia (OR = 1.74, 95% CI: 1.02, 3.00) and with
elongation of papillae (OR = 1.79, 95% CI: 1.05-3.05) of
the squamous epithelium at the esophago-gastric junction.
Current smoking cigarettes was associated with overall
peptic ulcer disease (OR = 2.32, 95% CI: 1.04, 5.19)
whereas snus use was not. There were no significant
association between current Helicobacter pylori infection
and different tobacco product user groups. Snus signifi-
cantly alters the histology of the distal esophagus but does
not impact on gastrointestinal symptoms or peptic ulcer
disease.
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Abbreviations

ASQ Abdominal symptom questionnaire
BM1 Body mass index

CI Confidence interval

EGD Esophagogastmduodcnosoopy
GERD Gastroesophageal reflux disease
GERS Gastroesophageal reflux symptom

IBS Irritable bowel syndrome

OR Odds ratio

PUD Peptic ulcer disease % -
SD Standard deviation

Introduction

Smokeless tobacco or moist snuff, snus in this study, is
widely used in Sweden (900,000 users, 21% of males and
4% of females, while 13% of males and 17% of females
smoke cigarettes) {1] and also in other Nordic countries.
There is a widespread use in India and the marketing is
intense, while USA is the biggest market of snus in the
world with approximately 12 milljon users [2, 3]. Results of
a national US survey show that nearly 9% of male and 0.4%
of the female college students used snus [4]. In Sweden
marketing efforts have resulted in higher use among young
males and females have tripled their use over § years [1].

Swedish snus products are predominantly finely ground
moistened tobacco with an alkaline pH between 7.9 and 8.6
[5]. A pinch of approximately 1-2 g 1s placed under the upper
lip, and some nicotine is absorbed through the buccal mucosa,
while some is swallowed together with the saliva [2].

Epidemiological and experimental studies have shown
that smoking leads to harmful effects on the gastric mucosa
[6-9). The mechanisms, however, are unclear and the
effects might be mediated by inhaled nicotine, as well as by
other chemical contents of tobacco. Many studies provide
conflicting results but the overall evidence supports the
hypothesis that nicotine per se 1s harmful to the gastric
mucosa [7, 9].

There is little knowledge regarding the relationship
between gastrointestinal Symptoms and snus. The nicotine
intake is usually higher than in smokers, and a great deal of
tobacco juice contaminated saliva 1s swallowed durnng use.
In a Swedish cross-sectional study of symptoms in 130,000
construction workers, smokers reported “ulcer-like” dys-
pepsia three times as often as the non tobacco users, while
-SNus users reported significantly fewer symptoms than both
smokers and non tobacco users [10].

It has been shown both in studies on patients and in
population-based studies that smoking is a nisk factor for
peptic ulcer disease (PUD) [8. 11]. but there are no dara
concerning snus on this issue. Data from the US show thar
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cigarette smokers have a markedly increased risk for gas-
tric cancer and that use of more than one tobacco product
increases the risk in men [12]. Male users of smokeless or
chewing tobacco have also been shown in US prospective
studies to have higher death rates from all causes compared
with non-users (CPS-1 and I studies) and also higher death
rates from cancer of the gastrointestinal tract overal] (CPS-
I study), but separate data on the upper gastrointestinal
tract were not shown [13].

Although there is exiensive €xposure to swallowed
tobacco juice contaminated saliva, and high serum levels of
nicotine and nitrites, there have been no studies in terms of
oesophageal or gastric histology or Helicobacter pylori
infection in snus users,

The aim of the study was to investigate whether smoking
cigarettes and snus use are associated with gastrointestinal
symptomatology, macroscopic findings on endoscopy or
histological signs of inflammation or cancer risk markers in
the esophagus or stomach, including the prevalence of Hej.
icobacter pylori.

Materials and methods
Setting

The Kalixanda study setting consisted of WO neighbouring
communities in Northern Sweden (Kalix and Haparanda)
with 28 988 inhabitants (December 1998). The distribution
of age and sex was similar 1o the national average in Sweden
in both communities: although proportion of unemploymen
was slightly higher and income and the Proportion with a
higher education were slightly lower [14].

Participants

By using the computerized national Population register,
covering all citizens in the WO communities by date of
birth order, a representative stratified sample was gener-
ated. Every seventh adult (7 = 3,000) from the larger
population (18-80 years of age, n = 21,610 in September
1998) was drawn. The sampled subjects were given an
identification number (1-3,000) in a random order [14].

Study design and logistics
The original study population (n — 3,000) was invited by

mail to take part. The mvitation included information of the
study design and of the aims of the study and a validated

were sent when necessary; 140 subjects were unavailable a;
the ume for invitation, thus 2,860 of the original study
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population were eligible for inclusion [14]. The overall
response rate was 74.2% (n = 2,122) of the eligible study
population.

The original study population was divided nto five
groups according to their given identification number,
1-600, 601-1,200 and so forth, the first subset of study
subjects was approached with the mailed ASQ in November
1998 and the study was completed in June 2001 [14]. In
order to complete 1,001 esophagogastroduodenoscopies
(EGDs), 1,563 responders to the ASQ had to be approached
of whom 364 declined, 74 had moved or could not be
reached and 124 were excluded according to the study
protocol. Thus the overall response rate for those eligible
for the EGD was 73.3% [14]. The exclusion criteria were
thé presence of serious physical or mental disorder, alco-
holism, previous upper gastrointestinal surgery and preg-
nancy [14]. The biopsies for Helicobacter pylori culture and
concomitant histology were available from 1,000 subjects.
At the visit for the EGD, the participants filled in a more
comprehensive ASQ, as described previously [14].

The study protocol was approved by Umea University
ethics committee and the study was conducted according to
the declaration of Helsinki. Informed consent was obtained
from all participants.

Assessments

Abdominal Symptom Questionnaire (ASQ) is a question-
naire assessing symptoms from the u pper and lower part of
the abdomen, and it has been found 1o be valid, repro-
ducible and reliable [15]. All participants were asked if
they had been troubled by abdominal pain or discomfort at
any location or by any of the listed 33 other gastrointestinal
symptoms [15]. The extended ASQ filled in at the EGD
visit also included the grading of severity and the fre-
Quency of each symptom (daily, weekly or last 3 months).
The participants’ medication use during the previous
3 months was recorded.

Demographic data and history

Demographic data were collected at the clinic visit (sex,
age, length and weight, use of different tobacco products,
use of alcohol and use of medication). The subjects’ level
of education (low education = elementary, comprehensive
or secondary school, high education — upper secondary
school or university) was asked at the clinic visit.

Definition of body mass index
Body mass index (BMI) was calculated and categorized

according to World Health Organization recommendations
[16].

w*

Definitions of symptom groups

Gastroesophageal reflux symptoms (GERS) were defined
as the presence of any troublesome heartburn and/or acid
regurgitation over the past 3 months [14, 17].

Dyspepsia was defined as epigastric troublesome pain or
discomfort, and/or nausea, early satiety or uncomfortable
feeling of fullness afier meal. This is consistent with the
Rome II definition (except for upper abdominal bloating
which was not asked about in the ASQ) [18]. A simple
definition of dyspepsia, labelled “epigastric pain or djs-
comfort™, based on the Rome 1 definition of dyspepsia, was
also used [19].

Imitable bowel §yndrome (IBS) was defined as trouble-
some abdominal pain or discomfort located at any site plus
concomitant bowel habit disturbances (constipation, diar-
rhoca, or alternating constipation and diarrhoea). This
definition has been used previously and shown 1o produce
results reasonably concordant with the Rome criteria in
Sweden [20].

Abdominal pain was defined as troublesome pain or
discomfort indicated anywhere in the abdomen [14].

No or minor gastrointestinal Symptoms were symptoms
not fulfilling any of the above symptom classifications, or
absence of symptoms in the ASQ.

Smoking cigarettes and snus use

A complete medical history was taken after the blinded
upper endoscopy. The participants were asked about their
present and past snus use and the current amounts/week
and also about their smoking habits and the number of
cigarettes per day in a standardized fashion.

Definitions of tobacco user categories

Current snus users were individuals using moist snuff or
chewing tobacco (n = 1), without any present or former
use of smoked tobacco.

Current smokers were individuals smoking cigarettes
without any present or former snus use.

Current users of both were individuals currently both
smoking cigarettes and using snus.

Former smokers were former cigarette smokers without
present or former snus use.

Former snus users were former snus users without
present or former smoking cigarettes.

Former users of both were former cigarette smokers and
snus users without present smoking or snus use,

Non-users were individuals who had never used tobacco
products.
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Esophagogasr.roduodenoscopy

The upper endoscopies were provided by three experienced
endoscopists in Kalix and Haparanda which gave sole
medical cover 1o the area. Internal validity was assessed by
means of consensus sessions [14]. The endoscopists had
been participating in regular quality assessment programs
over several years. The endoscopists were unaware of the
symptoms of the subjects before and during the endoscopy
[14]. - -

Definition of gastric and duodenal ulcer

Peptic ulcer was defined as*h mucosal break ar least 3
millimetres in diameter in either the stomach or duodenum

[11].
Definition and classification of erosive esophagitis

The subjects with mucosal breaks in the esophagus were
classified as having erosive esophagitis and graded
according to the Los-Angeles classification [21].

Histology and Helicobacter pylori

Two experienced pathologists (M. V. and M. Stolte), who
were unaware of the endoscopy findings, evaluated the
biopsies and provided a common report. The biopsies were
stained with haematoxylin and eosin. Helicobacter pylori
was detected by Warthin-Starry silver staining [22].

Histological parameters of the gasitric mucosa were
assessed by using the updated Sydney System definitions
[23].

Chemical-reactive gastritis proposed to be caused by
aspinin, NSAIDs, alcohol or bile reflux was defined
according to the updated Sydney System definitions [23,24].

Samples from the antrum and corpus were cultured and
analysed as described previously [22].

Current Helicobacter pylori infection was defined as a
positive culture or histology. There was an overall agree-
ment of 99.3 percent between the two methods [22)

Serology

Helicobacter pylori 1gG antibodies were determined by
EIA (Pyloriset EIA-G, Orion diagnostica, Espoo Finland)
[25]. A positive test in the absence of Helicobacter pylori
detection by culture or histology was considered indicative
of a past infection.

Gastrin-17 (cut off = 10 pmol/liter) and Pepsinogen-1
(cut off < 25 pg/l for low and > 100 ug/l for high levels)
were analysed using specific EIA tests (Biohit Ple, Hel-
sinki, Finland).
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Statisucal analysis

Pearson y* test was used for lesting comparisons in unj-
variate analysis. The associations of tobacco user catego-
ries with GERS, dyspepsia, epigastric pain, abdominal
pain, no or minor G symptoms and IBS were analyzed
applying logistic regression models including possible
confounders; Helicobacter pylori infection, use of aspirin,
use of non-steroidal anti-inflammatory drugs, use of acid
reducing drugs, high alcohol consumption (> 100 g/week),
education level and categorized BMI and adjusting for age
and sex and using non-users as the reference group (odds
ratio (OR) = 1). The associations of tobacco user catego-
ries with esophagitis, gastric ulcer, duodenal ulcer, overall
PUD, high Pepsinogen-1 level, high Gastrip-17 level and
dichotomized histological variables from the esophagus,
stomach and duodenum were analyzed applying multivar-
iate logistic regression models including possible con-
founders; Helicobacter pylori infection, use of aspirin, use
of non-steroidal anti-inflammatory drugs, high alcohol
consumption, education level, categorized BMI, use of acid
reducing drugs and GERS and adjusting for age and sex
and using non-users as the reference group (OR — 1).

Associations with PUD were also analyzed using
smokers as the reference group (OR = 1). The results were
controlled for interactions. Age and gender in all analyses
and use of aspirin/NSAIDs, high alcohol consumptin,
gastroesophageal reflux and Helicobacter pylori infection
were the variables tested as possible effect modifiers.
Stepwise model improvement was applied in all analyses 10
determine the most suitable multivariate logistic regression
model and all analyses were adjusted at least for calego-
nized (15 year bands) age and sex. The results from crude
logistic regression models are also presented. The results
are presented as odds ratios (OR) with 95% confidence
interval (95% CI). The goodness of fit of the models was
Judged from the Pearson 7 test (acceptable model when
P> 0.05). A two sided P-value of < 0.05 was regarded as
statistically significant. Fisher's exact test was used in
appropriate analyses. The STATA § program (Stata Cor-
poration. College Station, TX, USA) was used for the
analyses [26].

Results

Of the 1,001 subjects endoscoped, 12 did not have data on
the snus use or cigarette smoking, leaving 989 subjects for
analysis. Of these, 96 (9.7%) were current snus users, 165
(16.7%) were current cigarette smokers, 22 (2.2%) were
combined users, 209 (27.7%) were former smokers, 16
were former snus users and 49 former users of both.
Overall 432 (43.7%) individuals had never smoked or used
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snus. The snus users consumed on average 3.2 cans/week
(I can = 24-50 g), smokers consumed on average 11.5
cigarettes/day and combined snus users/smokers consumed
2.2 cans/week and 6.2 cigarettes/day.

The sex distribution, age groups in 15 year bands, mean
BMI, use of aspirin, alcohol consumption and education
level in different user and non-user groups are shown 1n
Table 1.

Use of proton pump inhibitors, histamine-2 receptor
amtagonists and antacids during the last week or during the
last 3 months before the EGD was not significantly asso-
ciated with smoking cigarettes or snus use.

Symptoms

Symptom prevalences in different tobacco user categories
are shown in Table 2. Associations with GERS, IBS,
dyspepsia, epigastric pain, overall abdominal pain and no
or minor symptoms are shown in Table 3. No symptom
groups were associated with snus use.

Endoscopy and histology

The prevalences of esophagitis, gastric ulcer, duodenal
ulcer and overall PUD, split by tobacco use category, are

Table 1 Demographic data of tobacco user/non-user groups

presented in Table 4 and the associations of different
tobacco user categories with esophagitis, gastric ulcer,
duodenal ulcer and overall PUD are presented in Table 5.

Esophagus

Snus users had a significantly higher prevalence of mac-
roscopic esophagitis in univariate analyze compared with
non-users (P = 0.04, Table 4). However, snus was not
associated with esophagitis in multivariate analyze
adjusting for age and sex (Table 5).

Former snus use was associated with hyperplasia of the
basal cell layer 2 cm above t esophago-gastric junction
(crude logistic regression model, OR = 443, 959 CI-
1.54, 12.74) and logistic regression model ajdusting for
GERS, categorized age (15 year bands) and sex
(OR = 3.79, 95% CI: 1.28, 11.16). Also former cigarette
smoking shows an association with hyperplasia of the basal
cell layer in crude model (OR = 1.50, 95% CI- 1.03, 2.17)
and in logistic regression model adjusting for GERS,
Helicobacter pylori infection, categorized age and sex the
result is nearly significant (OR = 1.41, 95% CI- 0.97,
2.06). Male sex was also associated with hyperplasia of
basal cell layer at this location (OR = 1.39, 95% (- 1.02,
1.89) as was the oldest age group (=65 years old

Demographic variable Non-user  Current snus  Current smoker Using both  Former snus  Former smoker  Former user of
(n=432) user (n=96) (n=165) {n= 22) user (n = 16) (n = 209) both (n = 49)
Proportion of men 38.2 84 .4* 345 545 100.0 50.2 898
95% Cl1 336,428 77.1,91.7 272,418 337,753 434, 57.0 81.3, 983
Age 20-34 years 83 18.8 11.5 223 12.5 43 10.2
5.7, 109 11.0, 26.6 6.6, 164 52 .40.2 0.0, 28.7 15.7.1 1.7, 18.7
Age 3549 years 259 28.1 339 22.7 37.5 230 245
21.8,300 19.1,37.1 26.7, 41.1 52,402 13.8, 612 173, 28.7 125, 36.5
Age 50-64 years 34.0 427 41.8 455 250 4a0.7 38R
295,385 328, 526 343,493 247,663 38, 462 340,474 25.2. 52.4
Age >65 31.7 10.4 127 9.1 25.0 321 26.5
27.3,36.1 43,165 76,178 0.0, 21.1 3.8, 46.2 258, 384 14.1, 389
High alcohol consumption 74 25.0 13.3 273 6.3 144 204
(>100 g/weck) 49.99 163,337 8.1, 185 87.459  0.0.182 96, 19.2 9.1, 31.7
Use of aspinn 10.7 83 9.1 136 6.3 129 10.2
718,136 28 138 4.7, 13.5 0.0, 279 0.0, 18.2 84,174 1.7, 18.7
Use of PPI 5.1 1.0 3.6 4.6 0.0 67 82
3.0, 72 0.0, 3.0 08, 64 0.0.134 0.0, 0.0 3.3, 10.1 05,159
Mean BMI (SD) 26.6 (3.8) 26.2(3.5) 25.87 (4.5) 26.5 (3.9) 26.3 (3.2) 26.7 (4.2) 27.5 (4.2)
Proporiion of low educanon  57.1 54.7 58.0 56.8 56.3 63.8 59.2
95% Cl 524,618 447,647 50.5, 65.5 36.1, 775 32.0,806 573,703 454, 73.0

Randonmused, population-based, endoscopic study, Kalix and Haparanda, Sweden (the Kalixanda study). December 1998 to June 2001

95% C1 95 percent confidence interval, SD standard deviation, BM/ body mass index

* Sigmhicant differcnce compared with non-users (P < 0.05)
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Table 2 Three months penod symptom group prevalences split by tobacco user category
Symptom Non-user  Current snus Current smoker Using both  Former smoker Former snus Former user of

(n=432)  user (n= 96) (n = 165) (n=22) (n = 209) user (n = 16)  both (n = 49)

GERS%® 39.1 385 37.6 50.0 426 50.0 34.7
95% CI 345,437 288, 482 30.2, 45.0 291,709 359,493 25.5,74.5 21.4, 480
Dyspepsia %® 345 323 423 59.1 378 375 26.5
95% ClI 30.0,390 229 417 34.8, 498 386,799 312 444 13.8, 61.2 14.1, 389
IBS%" 27.6 208 303 54.6° 35.9 438 16.3
95% CI 234,318 127,289 233,373 338,754 294,424 195, 68.1 6.0, 26.6
Epigastric pain %" 185 16.7 26.7 50.0° 20.1 25.0 16.3
95% CI 148,222 92 242 19.9, 335 291,709  14.7,255 3.8, 46.2 6.0, 26.6
Abdominal pain %" 495 427 52.1 68.2 56.5 625 429
95% Cl 448,542 328 526 445,597 878727 4938 632 388, 86.2 29.0, 56.8
No GI symptoms %" 382 39.6 37.0 273 30.1 188 38.8
95% Cl 36.6.428 298 494 296, 44.4 8.7, 459 23.9, 36.3 0.00, 37.9 25.2, 524

Randomised, population-based, endoscopic study, Kalix and Haparanda, Sweden (the Kalixanda study), December 1998 to June 200]
95% CI 95 percent confidence interval, GERS Bastroesophageal reflux symptoms, /BS irritable bowel syndrome, G/ gastrointestinal

* Significant difference compared with non-users (P < 0.05)
* Prevalence

Table 3 Tobacco use and association with gastrointestinal symptoms (OR = | for non-users, n = 432)

Symptom Current snus user Current smoker Using both Former snus user  Former smoker Former user of
both

OR 95%CI OR 95%Cl OR 95%Cl OR 95%Cl  OR 95%Cl OR 95% (7
GERS 122 072,206 09 060,139 240 089,656 189 065,551 112 077,165 083 040, 1.74
Dyspepsia 129 076,219 161* 1.09,2.19 2.78* 1.06,7.28 193 064.586 1.18 081,1.73 084 040, |77
IBS 087 049.155 112 074,170 325" 128,822 260 091.741 162 112,235 059 026, 135
Epigastric pain 148 077,285 149 094,235 5.66" 2.18, 14.69 315 091,109 1.17 075,183 128 052 3]
Abdominal pain 105 064.1.73 1.06 0.72, 157 208 077,566 254 087,747 148 1.03,212 096 049, 187
No or minor GI symptoms 0.81 049, 135 097 065, 1.46 0.63 022,180 027" 0.07,099 0.63° 043,093 079 0.40, 1.57

* Significant association
b Significant negative association

individuals). Helicobacter pylori infection did not have any
impact on histological changes 2 cm above the esophago-
gastric junction.

Snus use was associated with hyperplasia of the basal
cell layer (crude logistic regression model, OR = 1.9§,
95% CI: 1.19, 3.31 and logistic regression model adjusting
for GERS, Helicobacter pylori infection, categorized age
and sex, OR = 1.74, 95% CI: 1.02. 3.00) and with elon-
gation of papillac (crude model. OR — 2.02,95% C1: 1.23,
3.35 and logistic regression model adjusting for GERS,
Helicobacter pylori infection, categonzed age and sex,
OR = 1.79, 95% CI: 1.05-3.05) of the squamous epithe-
lium at the esophago-gastric junction; both are histological
markers of cell turnover due to chronic chemical irritation
such as occurs in GERD. GERS was also a associated both

@ Springer

with hyperplasia of basal cell layer and elongation of
papillae at this location (OR = 1.42, 959 CL: 1.07, 1.88
and OR = 1.66, 95% CI: 1.26, 2.21, respectively). Hel;-
cobacter pylori infection was negatively associated with
both these histological changes (OR = 0.71, 95% CI: 0.53,
0.95 and OR = 0.69, 95% CI- 0.51, 0.92). These results
were not confounded by sex or age.

Stomach

Current smoking cigarertes was associated with overal]
PUD (crude logistic regression model, OR = 2.38. 959,
CL: 1.11, 5.11 and logistic regression model adjusting for
categorized (15 year bands) age, Melicobacter pylori
infection, use of aspirin, obesity and sex, OR = 2.32, 95%

Qv
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Table 4 Prevalences of gastrointestinal findings split by tobacco user category

Endoscopic finding Non-user Current snus user Current smoker Using both Former snus  Former smoker  Former user of
(n = 432) (n = 96) (n = 165) (n=122) user (n = 16)  (n = 209) both (n = 49)
%" 95% Cl % 5% ClI %° 95%Cl % 95%Cl % 95%Cl % 95% Cl % 95% Cl
Esophagius 13.7 105, 169 21.9* 136,302 127 76, 17.8 182 21,343 250 38,462 163 11.3,21.3 184 76, 292
Gastnic ulcer 1.6 04, 28 1.0° 00,18 36 08,64 46 00,132 00 - 24 03,45 00 -
Duodenal ulcer 1.9 06,32 00 - 42 11,73 46 00,132 00 - 1.4 00,30 20 00,59
Overall PUD 35 18,52 1.0° 00,18 © 79 38,120 9.1 00.21.1 00 - 38 12,64 20 00,59

-

Randomised, popu]atim—basazi. endoscopic study, Kalix and Haparanda, Sweden (the Kalixanda study), December 1998 to June 2001

PUD pepuic ulcer disease, 95% CI 95 percent confidence interval
* Significant difference P < 0.05

® A user of chewjng tobacco gnd using only <5 g/week

© Prevalence

Table 5 Tobacco use and associations with gastrointestinal findings (OR" = 1 for non-users, n = 432)

Endoscopic finding Current snus user  Current smoker Using both Former smoker Former snus user  Former user of both
(n = 96) (n = 165) (n=22) (n = 209) (n= 16) (n=49)
OR 95% Cl OR  95% CI OR 95% Cl1 OR 95% CI OR 95% CI OR  95% CI
Esophagitis 113 062,208 107 061,188 108 033,360 109 066, 1.78 133 040,443 074 032, 1.69
Gastric ulcer 093 0.11,808" 26 084,808 288 0322623 149 046,487 - - - -
Duodenal ulcer - = 220 077,630 212 023,1946 064 0.17,251 - - 093 0.11, 8.11
Overall PUD 034 004,269 2.32° 1.04,519 257 049,1355 1.00 041,244 - - 064 0.08, 523

Randomised, population-based, endoscopic study, Kalix and Haparanda, Sweden (the Kalixanda study), December 1998 to June 2001
PUD pepuic ulcer disease, 95% C1 95 percent confidence interval, OR odds ratio

* Significant association
™ A user of chewing tobacco and using only <5 g/week

CI: 1.04, 5.19) whereas snus use was not. Snus users had
lower odds of PUD than smokers (OR = 0.12, 95% CI:
0.02, 0.99 in logistic regression model adjusting for age
and sex and OR = 0.13, 95% CI: 0.02, 1.09 analyzed with
all possible confounders), but the odds of snus users was
not significantly lower than non-users had. Current smok-
ing and former smoking cigarettes were associated with
chemical reactive gastritis in the antrum (crude model
OR = 1.34, 95% CI: 0.89, 2.00 and OR = 1.36, 95% CI:
0.94, 198, respectivley, and logisuc regression model
adjusting for H. pyleri infection, high alcohol consumption,
use of aspirin, categonized age and sex, OR = 1.62, 95%
CI: 1.02, 2.60 and OR = 1.56, 95% CI: 1.02, 2.55,
respectively). Sex was not associated with chemical reac-
uve gastntis in the antrum but age groups older than
34 years were associated (35-49 years OR = 1.78, 95%
CI: 1.00, 3.16, 50-64 years OR = 2.10, 95% CI 1.19, 3.68
and >65 years OR = 2.52, 95% CI 1.35, 4.69). Use of any
tobacco product was not associated with high granulocyte
or lymphocyte counts in antrum or corpus and neither with
atrophy or intestinal metaplasia at these locations.

Helicobacter pylori and serology

Helicobacter pylori infection prevalence and SEropositivity
are presented in Table 6. There were no significant asso-
ciations between current Helicobacter pylori infection or
seropositivity and different tobacco product user groups.
The proportion of cag-A positive Helicobacter pvlori
genotypes did not differ significantly between non-users
and different tobacco product user groups.

Gastrin-17 and Pepsinogen-1

Snus use or smoking cigareties were not associated with
abnormal gastrin-17 level but both were associated with
high Pepsinogen-1 level (crude logistic regression model
for snus OR = 2.13, 95% CI: 1.35, 3.36 and logistic
regression model adjusting for GERS, age and sex,
OR = 2.01, 95% CI: 1.23, 3.28 and crude model for
smoking cigarettes, OR = 2.60, 95% CI: 1.79, 3.77
adjusted logistic regression model OR = 3.01, 959 CI:
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impact on Helicobacter pylori status significantly in this
population even though there was a non-significant trend
towards less Helicobacter pylori infection along with rising
age in snus users. We observed that both snus use and
cigarette smoking caused significantly higher levels of
Pepsinogen-1 without affecting Gastrin-17 level. Thus, the
difference in PUD prevalences seems not to be due 1o the
Gastrin-17-acid axis.

Intravenously infused nicotine has been shown to
decrease pancreatic bicarbonate secretion in animals [34].
Similarly, reduced bicarbonate has been causally related to a
higher risk of PUD in cigarette smokers [6]. There are no
studies examining this effect in snus users, whose serum
nicotine levels are similar fo or higher than those of smokers.
The role of swallowed alkaline tobacco-contaminated saliva
against the development of PUD is unclear in snus users.

Snus use was associated with histological findings in the
esophagus consistent with GERD. In a human study the
frequency of transient lower esophageal sphincter relaxa-
tion was increased by the nitric oxide generating solution,
The nitric oxide generating solution also increased esoph-
ageal acid exposure [35]. Whether swallowed ‘alkaline
tobacco-contaminated saliva, comprising tobacco specific
nitrosamine compounds [27], has any role in the develop-
ment of esophagitis is unclear.

Juice from snus contains high amounts of nitrate which
can be reduced to nitrite in the oral cavity [28-30]. When
saliva, including dietary nitrate, converted to nitrite, meets
acidic gastric juice, the nitrite is converted to nitrous acid,
nitrosative species and nitric oxide [29, 30, 36]. In healthy
volunteers this potentially mutagenic chemistry appears to
be focused at the gastric cardia [36). A study from the UK
showed that both acid and nitric oxide alone can induce
double-strand DNA breaks in non-dysplastic Barrett's
esophagus and thus may contribute 10 the genetic rear-
rangements in the progression from Barrett’s esophagus to
esophageal adenocarcinoma [37].

A recent Swedish study could observe an increased risk
for esophageal squamous cell cancer and a shghtly elevated
risk for non-cardiac stomach cancer among snus users who
had never smoked [38]. We could, however, not verify any
premalignant mucosal changes in the stomach. A retro-
spective cohort study showed that snus use was associated
with increased risk of pancreatic cancer as was also ciga-
rette smoking [39]. A Swedish review on the possible
harmful effects of snus use found that the carcinogenic
effect 1s probably due 10 the content of tobacco specific
nitrosamines [40].

The strength of our study is the population-based study
design. The response rate to all parts of the study was high,
suggesting that the results are likely to be reliable and
representative. The ASQ-questionnaire is valid, reliable
and reproducible [15]. Each participant was specifically
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asked about use of tobacco products in a face to face
interview, and therefore underreporting use is less likely.
The weakness is that we cannot provide any physiological
data, aside from Gastrin-17 and Pepsinogen-1 levels. and
due to the cross-sectional study design it is not possible 10
draw definite conclusions about any causal connections
between exposure and different gastrointestinal disorders.
The small number of individuals in some sub-groups is a
limitation. Some of the analyses attaining levels of statis-
tical significance (P < 0.05) could be chance given the
number of tests.

The possibility of higher odds of histological changes, as
shown by us, and the possible risk of cancer shown in
earlier studies [38, 39] must be taken in account dvhen
advocating for using snus in smoking quitting programs
[41]. There is no reason to believe, with Sweden as a vivid
example, that addictive snus on an open market would be
used only by ex-smokers. It is also important 1o note that
concomitant smoking cigarettes and snus use seems 1o be
more harmful than snus use only [12).

In conclusion the snus use was associated with histolog-
ical markers of increased proliferation of the squamous
epithelium consistent with GERD at the esophago-gastric
Junction but snus does not increase the risk for self-reported
upper gastrointestinal symptom groups or risk for PUD.
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Oesophageal subepithelial fibrosis: an extension of

oral submucosal fibrosis

S P Misra, Vatsala Misra, Manisha Dwivedi, S C Gupta

Summary -

Fifty-five patients with oral submucosal
fibrosis and an equal number of patients
with no evidence of the disease were stud-
ied. All patients underwent upper gastro-
intestinal endoscopy and any abnormality
was noted. Multiple oesophageal biopsies
were obtained from the upper end of the
oesophagus and from any endoscopically
observed abnormality. The histological
changes in the two Eroups were assessed
blindly by an experienced histopatholo-
gist. Histological abnormalities were
noted in the oesophageal mucosa in 2% of
controls and 66% of patients with oral
submucosal fibrosis (P < 0.0001). In the
control group, acanthosis was seen in one
patient, while in the patient group atrophy
of the squamous epithelium was evident in
52%, hyperkeratosis in 52%, parakeratosis
in 30%, dyskeratosis in 14%, acanthosis in
14%, and papillomatosis and mild dyspla-
sia in 2% patients. Subepithelial collageni-
zation was seen in 32 (64%) patients. The
oesophageal abnormalities were seen
more frequently in patients who had
consumed Pan masala, Gutka, betel nut,
tobacco or a combination of some or all of
these, with or without betel leaf, for = 5
years compared to those consuming them
for a shorter period of time (91% vs 46%,
P<0.001). It is concluded that oral submu-
cosal fibrosis is not a disease confined to
the oral cavity; the oesophagus may also
be involved in about two-thirds of pa-
tients.

Keywords: oral submucosal fibrosis; oesophageal
subepithelial fibrosis; betel; Indians; chewing tobacco

Oral submucosal fibrosis (OSMF) is a chronic
irreversible disease of unknown actiology. It is
mainly found in Indians'? and affects about
0.2-1.2% of the urban population attending
dental clinics in India.* It has also been seen
among Indians living in Kenya, Malaysia,
Uganda, South Africa, Fiji and the UK,*" and
cases have been reported from ethnic groups in
Taiwan, Nepal, Thailand, Vietnam and St
Lanka." ™ The discase leads to fibro-elastic
transformation of the lamina propria and
epithelial atrophy of the oral mucosa, Later, the
oral mucous membrane becomes snff, leading
0 trismus. Although the aetology is not
known, it has been postulated that the discase
is caused by irritation of the oral submucosa by
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irritants  such as capsaicin in chillies and
tannins in betel nuts.” " Genetic and environ-
mental factors have also been blamed for the
disease.” As the name denotes, the disease
mostly affects the oral mucosa and, although
involvement of the oesophageal mucosa has
occasionally been reported,' there is a paucity
of reports describing oesophageal involvement.
This study was set up to study the prevalence of
oesophageal disease in patients with OSME

Materials and methods

The study group consisted of 55 Patients with
OSMF and 55 other patients with no evidence
of OSMF who were undergoing upper gastro-
intestinal endoscopy. Patients with oesophageal
disease (eg, gastro-oesophageal reflux disease,
carcinoma of the oesophagus, oesophageal
stricture or oesophageal varices) were ex-
cluded. The diagnosis of OSMF was made on
clinical grounds and buccal biopsy in 36
patients and on clinical grounds alone in the
remaining 19 patients. OSMF was clinically
classified as severe if the patient could not open
his mouth to accommodate a  paediartric
mouthguard with an outer diameter of 20 mm,
during upper gastrointestinal endoscopy.

A detailed clinical history was obtained,
including the duration of the disease and
symptoms, and information on any sub-
stance(s) chewed and the duration of con-
sumption. Thereafter, all subjects underwent
upper gastrointestinal endoscopy with 2
forward-viewing endoscope (Olympus model
XQ 20 or XP 20, Olympus Optical Corpora-
tion, Tokyo). A speaially designed mouthguard
was used in patients who could not open their
mouth fully for even a paediatric mouthguard
to be inserted." A careful search was made for
any abnormaliry during endoscopy, especially
in the oesophagus. Muluple oesophageal biop-
sies were obtained from any abnormality
noticed during endoscopy, and in all cases from
the upper end of the oesophagus, just below the
upper oesophageal sphincter. All biopsies were
fixed in 10% formalin and sent for histopatho-
logical examination.

After routine processing, 3-5 um sections
were cut from paraffin wax embedded sections,
stained with haematoxylin and eosin, and
evaluated by a histopathologist who was
unaware of the clinical diagnosis or endoscopic
findings. The sections were examined for
histological changes. In the epithelium, evi-
dence of atrophy of the lining squamous
epithelium, hyperkeratosis, parakeratosis,
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dyskeratosis, acanthosis, papillomatosis and
dysplasia was sought. In the subepithelial
tissue, evidence of collagenization was sought,
which was subjectively graded as mild or severe
by the histopathologist. Oesophageal biopsies
which were superficial and did not contain
subepithelial tissue were not evaluated.

STATISTICS

The two groups were compared by the
Student’s r-test, x’-test with or without Yates’
correction and the Fischer’s exact test.

Results

CONTROLS

The mean age of the controls was 31.2+ 11.8
years; 45/55 were males. None of these subjects
showed any oesophageal abnormality on en-
doscopy. Oesophageal biopsies were too super-
ficial for proper interpretation in six subjects
and were discarded. Of the other 49 subjects,
oesophageal biopsy from one subject showed
evidence of acanthosis in the epithelial tissue.
There was, however, no evidence of collageni-
zation of the lamina propria. No histologic
abnormality was seen in the oesophageal biop-
sies from the other 48 subjects (figure 1).

PATIENTS

The mean age of this group was 29.4 + 10.6
years; 47/55 were males. The age and sex ratio
were not significantly different from the control
group. One patient was asymptomatic and was
found to have OSMF accidentally when he
could not open his mouth fully during
endoscopic examination to detect the cause of
melaena. All patients except one chewed either
Pan masala, Gutka, betel nut, tobacco or a
combination of some or all of these, with or
without betel leaf. All 54 of these patients con-
sumed betel nut in one form or another. Only
two patients smoked cigarettes. The offending
substance had been chewed for a mean + SD of
6.2 + 6.4 years (range 0.5-25). One 25-year-
old man with a history of inability to open his
mouth fully for the last year denied the use of
any offending agent. This was corroborated by
his parents and siblings. The mean + SD dura-
tion of symptoms in the patients was 18 + 32.8
months (range 0.5-168).

All patients had difficulty in opening their
mouths. It was clinically severe in 23 (42%)
patients in whom a specially designed mouth-
guard had to be used for upper gastrointestinal
endoscopy. Thirty-nine (71%) complained of
burning sensations in the mouth while eating
highly seasoned food and 21(38%) patients
had ulcers in their mouth. Oesophageal symp-
toms were noted in seven (13%) pauents. Dys-
phagia was reported by four (7%) patients and
odynophagia by two patients. One patient had
both dysphagia and odynophagia. Loss of taste
sensation was noticed by two padents and
occasional bleeding from the check by one
patent.

None of the patients showed any abnormal-
ity during upper gastrointestinal endoscopy.
Oesophageal biopsies were too superficial for
proper interpretation in five (9%) patients. Of

65|

Figure 1 Oesophageal biopsy from a control subject.
Note the normal lamina propria (H&E, orig x 80)

Figure 2 Oecsophageal biopsy from a panent with
oral submucosal fibrosis showing mild collagenization
of the lamina propria (H&E orig x 80)

the 50 remaining patients, histological abnor-
malities were noted in 33 (66%). The differ-
ence from the control group was statistcally
highly significant (p < 0.0001). Atrophy of the
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Severe collagenization of the

lamina
propria in a padent with oral submucosal fibrosis
(H&E ong x 80)

Figure 3

squamous epithelium wa evident in 26 (52%),
hyperkeratosis in 26 (52%), parakeratosis in 15
(30%), dyskeratosis in 7(14%) and acanthosis
in seven (14%) patients. Papillomatosis and
mild dysplasia were evident in one (2%) patient
each. Subepithelial collagenization was seen in
32 (64%) patients; it was mild in 15 (30%)
(figure 2) and severe in 17 (34%) patents (fig-
ure 3).

Histological abnormalities in the oesopha-
geal biopsies were seen in 13 of 28 (46%)
patients with a history of consuming one or
more of the offending agents listed above for <
5 years compared to 20 of 22 (91 %) consum-
ing them for = 5 years. The difference between
the two groups was statistically highly signifi-
cant (p < 0.001). Histological abnormalities
were seen in 14 of 20 (70%) patients with
clinically severe OSMF compared to 19 of 30
(63%) patiemts with clinically milder disease.
The difference between these two groups was
not stanstically significant. Of the seven
patents with oesophageal symptoms, six had
histologically severe collagenization (figure 3),
and five had been consuming the offending
agent(s) for = 5 years. The other two had con-
sumed the offending agents for 2 and 3 years,
respectively. The patent with idiopathic
OSMF did not have any histologic abnormality
in his oesophageal biopsy.

Discussion

Oral submucosal fibrosis is not an uncommon
condition in Indian subjects consuming betel
nut, tobacco, Pan masala and Gurka, with or
without betel leaf, The disease is also common
in expatriates from the Indian subcontinent in
the developed countries, especially in the UK
where 1t has been reported from London and
other cities.” "’ It has been estimated that in the
city of Leicester one may find as many as 3000
cases of OSMF. In a study from Durban, with
a large (46%) Indian population, a prevalence
of 3.4% has been reported."” The importance
of the disease lies in the fact that it is a prevent-
able precancerous condition of the oral cavity
which leads to substanual morbidity especially
in the younger population.

While OSMF is predominantly a disease of
the oral caviry, fibrosis is also known to extend
into the pharynx via the pillars and down 1o the
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pyriform fossa. It appears logical that the
oesophagus should also be involved because ar
least some of the material which is chewed or
kept in the mouth will go down the oesoph-
agus, leading to irritation of the oesophageal
mucosa, which is similar to that of the oral cay-
ity. However, although involvement of the
oesophagus has been reported,' there are no
confirmatory reports to substantiate this. A
MEDLINE search revealed only one article on
the subject.” In this study by Maher er al, only
the endoscopic appearance of the oesophageal
mucosa was evaluated because the oesophageal
biopsies obtained were too superficial in nature
to be of any value. The authors noted that the
mucosa was whitish pale in twwo of the 30
patients studied, stff and fibrotic in 19,
leathery in four, and firm or gritty in another
[WO cases.

In the present study, we were unable to find
any endoscopic abnormality in our OSMF
patients. However, histologically, oesophageal
involvement could be demonstrated in about
two-thirds of patients with OSMF. In the
majority of cases the disease in the oesophagus
was clinically not apparent and oesophageal
Symptoms were seen in only seven of the 50
(14%) patients. Of interest was the finding that
six out of these seven patients had severe col-
lagenization of the lamina propria of the
oesophagus.

Oesophageal subepithelial fibrosis was more
common in patients who had consumed betel
nut, tobacco, Pan masala or Gutka, with or
without betel leaf, for a longer period.
However, 46% of patients had developed the
disease after consuming the offending agent(s)
for less than 5 years. It therefore appears that,
although the chances of developing oesopha-
geal subepithelial fibrosis are high if one of the
offending agents are chewed on a long-term
basis, even a period of usage as short as a year
may be sufficient to cause this condition. This
was also evident in a small group of seven
patients who had symptoms of dysphagia and
odynophagia along with ocsophageal subepi-
thelial fibrosis.

One of the patients with OSMF denied
consuming any of the known offending agents,
which was confirmed by his parents and siblings.
There was however, no oesophageal involve-
ment in this patient. Such idiopathic cases of
OSMF are known to occur rarely, but the
majority of cases occur in people who consume
the above-mentioned offending agents.

The implications of oesophageal involve-
ment in patients with OSMF may have
far-reaching implications. It is possible that, in
at least some of these patients, the lesion will
develop into frank carcinoma of the upper
oesophagus, as it is well known that OSMF is a
premalignant disease.™

Although oesophageal subepithelial fibrosis
has not been reported earlier in patients with
OSMF, ultrastructural abnormalities such as
discontinuous, fragmented basement mem-
brane, with reduction of hcuﬁdesmosomcs,
and widened intracellular spaces, have been
noted in the oesophageal mucosa of chronic
tobacco chewers.”™ With the changes seen on
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Light microscopy in about two-thirds of patients
with OSMF, the definition of OSMF should be
modified to include the involvement of the
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Effect of occupational exposure to local powdered tobacco (snuff) on
pulmonary function in south eastern Nigerians.

Maduka SO, Osim EE, Nneli RO, Anyabolu AE.

Niger J Physiol Sci. 2009 Dec;24(2):195-202.

Abstract

The effect of occupational exposure to local powdered tobacco (snuff) on pulmonary function
was studied. Snuff industry workers in Onitsha and Enugu markets were studied and compared
with age, weight, and height-matched control not exposed to any known air pollutant. The
pulmonary indices studied include forced vital capacity [FVC], forced expiratory volume in one
second [FEV1] and ratio of FEV1/FVC as percentage using a vitalograph spirometer and Peak
Expiratory Flow Rate [PEF R], using a mini Wright Peak Expiratory Flow Meter. The respiratory
and non-respiratory symptoms frequently associated with these workers were also analyzed and
dust sampling in both test and control environments was also done. The mean anthropometric
parameters, [age, height and body wei ght] between the two groups were not statistically
different. The results obtained showed statistically significant impairment of lung function of
workers chronically exposed to snuff. FVC, FEVI and PEFR in the exposed [test] subjects were
significantly decreased in comparison with the control subjects [P<0.05]. However, the mean
value of FEVI/FVC [%)] of the test subjects was 86.8% which was within the normal range and
was not significantly different from control. This signified that the test subjects had restrictive
pattern of lung function defect. All respiratory symptoms, such as cough, chest tightness had a
higher prevalence in test subjects than their control group. The lung function indices of snuff-
producing workers proportionately decreased with their length of exposure in the i ndustry. The
respirable dust level in the vicinity [indoor] of the snuff-workers [1.114/-0.35 mg/m3] was
significantly [P<0.001] higher than in the control environment[0.37+/-0.086 mg/m3]. Although it
was not possible to determine all the factors that may be responsible for lung function
impairment, the dust sampling result showed that chronic €xposure to Nigerian snuff [powered
tobacco] dust impairs lung function and the effect js progressive with tim
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Association of snuff use with chronic bronchitis among South African women:
implications for tobacco harm reduction.

Ayo-Yusuf OA, Reddy PS, van den Borne BW.

Tob Control. 2008 Apr;17(2):99-104. Epub 2008 Feb 19,
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Abstract

OBJECTIVE: Nasal use‘of snuff is the predominant form of tobacco use among black South

African women. This study examines the association between snuff use and chronic bronchitis
(CB) among black South A frican women.

DESIGN: The study investigated a nationally representative sample of 4464 black South African
women > or = 25 years old who participated in the 1998 South African Demographic and Health
Survey. Data on participants' tobacco use patterns, medical history and other relevant factors
were obtained through an interviewer-administered questionnaire. Peak expiratory flow rates

(PEFR) were also measured. Data analysis included chi(2) statistics, Student t tests and multiple
logistic regression analysis.

OUTCOME MEASURE: CB, defined as re

porting a productive cough for > or = 3 months/year
for at least 2 successive years.

RESULTS: The prevalence of current snuff use was 16.1% (n=719). Compared to non-users of
snuff, snuff users were not only more likely to present with a history of tuberculosis (TB)(23.3%
vs 15.9%; p = 0.06), but they were also more likely to present with CB (5.3% vs 2.8%; p<0.01)
and a lower PEFR (275 litres/min vs 293 litres/min; p<0.01). Significant determinants of CB

included snuff use > 8 times/day (odds ratio (OR) 2.86,95%CIl 1.17 to 7.02), a history of TB

(OR 7.23, 95% CI 4.02 to 13.03), current smoking (OR 2.84, 95% CI 1.60 to 5.04) and exposure
to smoky cooking fuels (OR 1.98, 95% CI 1.32 to 2.96).

CONCLUSIONS: These data suggest that snuff use, in th
Africa, increases the risk of CB. This challenges the idea
alternative to smoking in South Africa.

e form predominantly used in South
that snuff may be a much less harmful
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Economic cost of tobacco
R M John," H-Y Sung,? W Max’

ABSTRACT

Objective: To estimate the tobacco-attributable costs of
diseases separately for smoked and smokeless tobacco
use in India.

Methods: The prevalence-based attributable-risk
approach was used 1o estimate the economic cost of
tobacco using healthcare expenditure data from the
National Sample Survey, a nationally representative
household sample survey conducted in India in 2004. Four
major categonies of tobacco-related disease—tubercylo-
sis, respiratory diseases, cardiovascular diseases and
neoplasms—were considered.

Results: Direct medical costs of treating tobacco related
diseases in India amounted to $907 million for smoked
tobacco and $285 million for smokeless tobacco. The
indirect morbidity costs of tobacco use, which includes
the cost of caregivers and value of work loss due to
illness, amounted to $398 million for smoked tobacco and
$104 million for smokeless tobacco. The total economic
cost of tobacco use amounted to $1.7 billion. Tuberculosis
accounted for 18% of tobacco-related costs ($311 million)
in India. Of the total cost of tobacco, 88% was attributed
to men.

Conclusions: The cost of tobacco use was many times
more than the expenditures on tobacco control by the
government of India and about 16% more than the total
tax revenue from tobacco. The tobacco-attributable cost
of tuberculosis was three times higher than the
expenditure on tuberculosis control in India. The economic
costs estimated here do not include the costs of
premature mortality from tobacco use, which is known to
comprise roughly 50% to 80% of the total economic cost
of tobacco in many countries.

Knowledge of the health consequences of tobacco
use has led to much greater reductions in tobacco
use in developed than in developing countries. The
tobacco epidemic 1s estimated to kill 8 million
people annually, with 80% of deaths in developing
countries by 2030' Smoking related medical costs
account for 6% to 15% of healthcare costs in high-
income countries.” Evidence from developing coun-
tries such as China and Vietnam place this
estimate around 4%.°*

With roughly 10% of the world's smokers, India
is the second largest consumer of tobacco in the
world,’ second only to China. Tobacco consump-
tion in India 1s charactensed by a large proportion
of non-cigarette and smokeless tobacco use
Manufactured cigarettes constitute only 14% of
the tobacco consumption in India.’ The health
effects of non-cigarette tobacco use are under-
researched probably because they are not popular
in most of the developed world There 1s reason 1o
believe that the non-cigarette tobacco used in India
is also associated with significant adverse health
outcomes Bidis, an

indigenous and popular

n
L-‘!s(('\
20

use in India, 2004

smoked tobacco product in India, delivers nicotine,
carbon monoxide and other toxic components of
tobacco smoke in equal or greater amounts than
conventional cigarettes,” making bidi smoking a
stronger risk factor than cigarette smoking for
cagcer of the hypopharynx and supraglottis’
Many of the smokeless tobacco products in India
such as Khaini, Mawa, Pan, Zarda and Cutkh are
also found to be risk factors for cancer.” Chewing
tobacco in India is also a risk factor for oral cancers
and esophageal cancers® A recent nationwide
study on smoking and mortality in India estimated
that cigarette and bidi smoking causes about 5% of
all deaths in women and 20% of all deaths in men
aged 30-69 years, totalling 1 million deaths per
year in India in 20107

There has been no comprehensive national level
study that estimated the economic cost of tobacco
use n India. However, a report submitted to the
government of India” referred to a study by Rath
and Chaudhry'' that estimated the cost of three
major tobacco related diseases in India: cancer,
coronary artery disease and chronic obstructive
pulmonary disease. Based on a sample from 2
Indian locations—195 patients in Delhi and 500
patients in Chandigarh—they collected data on
treatment expenditures (medical and non-medi-
cal), institutional expenditures and loss of wages
during treatment for 1990-1992, or until death or
recovery. Using the consumer price index, they
estimated the total direct and indirect cost due to
three major tobacco related diseases in India in
1999 to be Rs.277.61 ($6.2) billion, 83.7% of which
was due to premature death. Reddy and Cupta"
updated these costs to 2002-2003, estimating the
total cost for the three major tobacco related
diseases to be Rs.308.33 ($6.6) billion.

Because tobacco use causes more than just the
three diseases listed above, a more comprehensive
estimate of the economic burden of tobacco use in
India 1s needed. Moreover, the data needs to be
recent and representative to the nation as a whole
This paper estimates the economic burden of
tobacco use in India by considering four major
categories of tobacco-related disease—tuberculosis,
respiratory diseases, cardiovascular diseases and
neoplasms—using nationally representative data.
This provides the first ever estimate of the
cconomic cost of tobacco in India using nationally
representative data. This is also the first time
economic  costs are  estimated separately for
smoked and smokeless tobacco. Moreover, the
tobacco-attributable cost of tuberculosis, a disease
of major importance for India** is estimated for the
tirst time 1n India. Tobacco smoke is known to
increase the nisk of tuberculosis.* '* Recent epide-
miological studies in India has also supported this

Claim
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METHODS
We use the prevalence-based attnbutable-risk approach a pplied
to tobacco-related costs by Rice er al* for estimating the

time, regardless of the time of tobacco use onset. This method
of estimation is designed to measure the aggregate economic
burden imposed on society attributable to tobacco use. Using a
standard epidemiological formula, it determines the proportion
of excess costs that can be attributed to tobacco use and hence
preventable. We include only persons aged 35 years and older in
the analysis, since relative risks for the diseases considered were
available only for this age group.

Data sources / /

The primary data source for estimating the tobacco-attributable
medical cost was the “Morbidity, Health Care and the Condition
of the Aged”,60th round of the National Sample Survey (NSS)
conducted during January to June 2004. It was a nationally
representative survey conducted by the National Ministry of
Health and Family Welfare (MOHFW). It collected the data on
utilisation and expenditures of private and public healthcare
services—inpatient hospitalisation during the 365 days prior to
the date of interview and outpatient visits during the 15 days
prior to interview—from 47 302 rural and 26 566 urban house-
holds in India. Expenditures from inpatient hospitalisation were
reported for each disease and visit separately. However, expendi-
tures on outpatient visits were reported as total per person
regardless of number of visits and ailments. In order to calculate
the average expenditure per alment per outpatient visit we
computed average expenditures on outpatient wisit for each
ailment using only those patients with only one visit and that
amount was imputed to the expenditures for the respective
ailments of those with multiple visits and ailments. These 15-day
averages were multiplied by 24.33 to get annual estimates. NSS
self-reported household expenditures were scaled up by a factor of
1.68 to reflect the difference between NSS estimates and India’s
national healthcare expenditures {expenditures by households,
other private and public sources.

The relative risk (RR) of mortality used to estimate the smoking
attributable fraction was taken from a prospective 1992-1999
cohort study of 99 570 Mumbai aduits aged 35 or older.” They
reported the RR, adjusted for age and socioeconomic status,
separately for smokeless tobacco users and smokers by gender and
disease categories. This is the only study that provides cause-
specific RR separately for smoked and smokeless tobacco by
gender, and thus is relevant in the Indian context where wide
disparities in tobacco use exists between genders ™

The data source for estimating the prevalence of tobacco use
was the second National Family Health Survey (NEHS.2)”
conducted by the International Institute for Population Sciences
in 1998-1999. The NFHS-2 sample represented more than 99%
of India’s population across all 26 states

The population figure in India was taken from the estimated
mid-year population for 2004 as projected by the US Census
Bureau (htlp://WW.CE‘nSUS.gOV/ipc/WWw/ldb/tab!tshlml).
and was estimated to be 175 mullion males and 170 mullion
females aged 35 and older.

Estimation of the smoking attributable fraction
The smoking attributable fraction {SAF) 15 the proportion of
expenditures on personal health services and morbidity cost
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Research paper

that can be attributable to
Persons were classified into
(1) never smokers: those who
smokeless tobacco users:

tobacco only and (3) smok
tobacco regardless of wheth
or not (15% of adult males and 1%
and smokeless tobacco). We esti
smokeless tebacco users and smok
formula derived from Lilienfeld a
disease categories by gender and

smoked and smokeless tobacco use.
ree mutually exclusive categories:
have never used any tobacco, (2) T
those who have used smokeless
ers: those who have used smoked
also used smokeless tobacco
of adult females ysed smoked
ated the SAF separately for
ers using an epidemiological
nd Lilienfield* for each of the
tobacco use type (equation 1).

PNy + ZP{,@ (RRygp)

Subscripts t, d and g indicate t
category and gender, respectively.
percentage of people who are never smokers
users and smokers,
smokeless and smoked
nsk of mortality for
Tespectively, compared to never smokers.

ype of tobacco users, disease
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, smokeless tobacco
respectively, with ¢ and

tobacco. RR_ and RR, denote

smokeless tobacco users and smokers,

Estimation of economic cost
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hospitalisation or
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medical appliances and ambulato
incurred for transportation other
charge of caregivers; and (3) wa
household due to inpatient hospi
Items 2 and 3 comprise indirect
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Tobacco-attributable direct healt
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ge income lost to the whole
talisation or outpatient visits
morbidity costs. A fourth and
economic cost of tobacco 1s the
m tobacco use. Data were not
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Table 1 Prevalence of tobacco use and disease-specific relative risk of
mortality from tobacco use in India by type of tobacco users and gender
for adults aged 35 and older

Smoked Smokeless

Male Female Male Female
Prevalence® (%) 423 4.39 20.65 18.84
Relative risk of death:
Respiratory diseases 212 115 1.50 1.04
Tuberculosis 2.30 5.92 1.46 1.40
Cardiovascular diseases 1.54 146 1.32 1.15
Neoplasm 2.60 1.85 1.40 1.57

= “The prevalence of smokeless tobacco users includes those who only used smokeless
tobacco whereas prevalence for smokers includes some wha also used smokeless
Tobacco so that adding smoked and smokeless tobacco user would give prevalence
for any tobacco use.

{ smokers in the age group 35+ for 1998-1999 was 42.3% and
4.4% for males and females while the prevalence of ever
smokeless tobacco users was 20.7% and 18.8% for males and
females. Prevalence of smoking is less among women in India
due to social unacceptability” and is largely a cultural
phenomenon. The relative risks of mortality were slightly
higher for smokers than smokeless tobacco users but did not
differ much by gender or disease category, with the exception of
tuberculosis, which was especially high for female smokers.

Table 2 shows the SAF of tobacco use by type of tobacco user,
gender and disease category computed based on the data shown
in table 1 and equation 1. For smokers, the SAFs are
substantially lower for women than men for all disease
categories partly due to their low smoking prevalence. Cancer
and tuberculosis show the highest and the second highest
disease-specific SAFs respectively for men, while tuberculosis
has the highest disease-specific SAF for women. As for
smokeless tobacco users, the SAFs between men and women
are not much different. Combining smoked and smokeless
tobacco use, the SAFs among men range from 22.8% for
cardiovascular diseases to 43.2% for neoplasms. Considering
that the SAFs among women are up to 22.6% for tuberculosis

and 12.6% for neoplasms, tobacco use contributes to a
significant proportion of the burden on Indian women’s health
despite the low prevalence of tobacco use among them.

The economic costs of tobacco use

Table 3 shows the economic cost of tabacco use for India in
2004 by disease, type of tobacco use and gender separately for
inpatient hospitalisation and outpatient visits. The top section
of table 3 shows TAEs. The total TAE of treating tobacco
related diseases amounted to $1192.5 million, including $833.9
million for male smokers, $73.2 million for female smokers,
$188.7 milhon for male smokeless tobacco users and $966
million female smokeless tobacco users. The TAEs were greater
for males than females for all disaggregated analyses except that

females have higher TAEs for treating cancer attributable to
smokeless tobacco use. The TAEs were highest for cardiovas-
cular diseases for males and females regardless of the type of
tobacco use. The total TAE from smoked tobacco ($907.1
million) was more than three times that from smokeless
tobacco ($285.3 million).

The middle and lower sections of table 3 show the tobacco-
attributable indirect morbidity costs for 2004. The total
tobacco-attributable transportation and caregiver  costs
amounted to $91.3 million, including $64.7 million for male
smokers, $5.4 million for female smokers, $14.0 million for male
smokeless tobacco users and $7.1 million for female smokeless
tobacco users. Cardiovascular disease accounts for the largest
share of transportation and caregiver costs for males and
females. The total value of lost income from tobacco related
hospitalisation a outpatient visits amounted to $411.4
million, including $3138 million for male smokers, $14.5
million for female smokers, $67.8 million for male smokeless
tobacco users and $15.3 million for female smokeless tobacco
users.

The last row of table 3 presents the total economic cost. Of
the total cost of $1.7 billion, smoked tobacco accounts for 77%
vs 23% for smokeless tobacco; 87% is attributed to males vs 13%
to females. Females contribute more to the cost of smokeless
tobacco (31%) than to smoked tobacco (7%). This is reflective of
the fact that the prevalence of smokeless tobacco use among
women is 19% compared to only 4% for smoked tobacco use.

DISCUSSION

This paper presents the first comprehensive estimate of the
economic burden of tobacco use at the national level for India.
The total economic cost of tobacco use in India for 2004
amounted to $1.7 billion, which is many times more than the
$551 876 that the government of India spent on tobacco control
activities in 2006, and is 16% more than the total excise tax
revenues collected from all tobacco products in India in the
financial year 2003-2004 ($1.46 billion). Tobacco-attributable
direct costs ($1.2 billion) account for 4.7% of India’s total
national healthcare expenditure in 2004 ($25 billion)."” In
comparison, studies from other developing countries such as
China* and Vietnam® found the direct cost of smoking to be
31% and 43% of the national healthcare expenditure,
respectively.

Tuberculosis 1s a major health risk in India with roughly 1.8
million new cases reported annually,” and our findings high-
light the important role of tobacco use for this disease. In fact,
tuberculosis accounts for $311 million (18%) of the total
economic cost of tobacco use in India, including $193 million
(16%) of the direct cost and $118 million (24%) of the indirect
morbidity cost. This is more than three times the $100 million
that was spent on tuberculosis control in India in the year

2006.*

Table 2 Disease-specific smoking attributable fractions (SAFs) (%} in India by type of tobacco use and

gender for adults aged 35 and older

Smoked Smokeless All tobacco®
Cause of death Male Female Male Female Male Female
Respiratory diseases 30.04 0.65 6.55 074 36.59 1.39
Tuberculosis 3343 16.73 577 584 3 2256
Cardiovascular diseases 17.65 1.93 5.10 270 22.75 462
Neoplasm 38.47 3.26 489 9.38 43,16

_'FE_SAF for all tobacco products equals the S‘;AF for sr‘nuht: plu

i40

gs

1264

s the SAF for smokeless tobacco users.
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Table 3 Economic costs of tobacco

Disnase

Respiratory
luherculngis
Cardinvasc)ilar
Neoplasm

Subtatal

Respiratory
Tuberculosis
Cardiovascular
Neoplasm
Subtotal

Hrsglrarof\t
Tuberculosis
Cardiovascular
Neoplasm
Subtotal

Total

use in India for 2004 @mong adults aged 35 and older (US $1000)

Smoked Smokeloss All tobaceo
Inpatiant Outpationt Inpatient ou:p:ﬁgm ------------------------------------ T T
Male Female Malo Female Subtotal Mala Female Male Female Subtotal Male Female Total
Tobacco-attributable dirgct healthcare expendityre - '
27 994 548 264 032 3533 296 107 6101 627 57 542 4044 68 314 355 669 B8 752 364 421
34 604 5447 103 035 18 076 161 157 5978 1699 17 798 6307 31 881 161 41§ 31 723 193 139
102 003 7241 208 625 24 859 342 728 29 508 10 133 60 354 J4 788 134 783 .. 400 430 77 021 477 511
41 380 8317 52 276 5176 107 149 5050 23 936 6380 14 897 50 263 105 086 52 37 157 412
205 980 21 548 627 968 51 644 907 141 46 637 36 595 142 074 60 035 285 342 1022 660 169 823 1 182 482
Tobacco-attributable transportation and Caregivers expenditure
1521 29 18 600 346 20 497 332 34 4054 396 4815 24 508 806 25 312
1585 239 10 383 1439 13 646 274 B4 1793 502 2653 14 035 2265 16 299
3598 N 17 954 2188 23 952 1041 3o 5194 3062 9607 27 7187 5781 33 568
2733 363 B343 5717 12 016 kkl} 1044 1018 1662 4057 12 428 3646 16 074
9437 B53 55 2719 4551 70121 1980 1471 12 059 5622 21132 78 756 12 497 91 253
Tobacco-attributable lost income due to absence from work
2061 4 115 432 614 118 148 449 a7 25 157 103 26 356 143 099 1405 144 503
3337 493 74 019 7670 85 519 576 172 12 786 2676 16 211 90 718 11012 101 730
3936 216 81 334 2913 88 399 1139 303 23 529 4076 29 047 109 838 7508 117 446
3274 381 30 452 2153 36 261 400 1088 e 6197 114an 37 842 9830 47 672
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One limitation of our study is that we used relative risk of
mortality to estimate the attributable morbidity. Risks of
morbidity and mortality from tobacco use need not be the same.
However, this approach has been widely used in the litera-
ture.* “** Two other approaches have been used to estimate the
SAFs for direct medical cost. One was originally developed by
Rice and Hodgson (1986)," in which the RR of healthcare
utilisation for smokers was first estimated and then applied to
the calculation of the SAFs for medical cost. The other one was
developed in the 1990s by several health economists,>? in
which the SAFs was estimated directly from multiple-equation
econometric models of the impact of smoking on healthcare
expenditurés. Due to our data limitations, we could not employ
either approach in this study. However, according to a study by
Rice and Hodgson,** the SAFs for direct medical cost estimated
by using the RR of healthcare utilisation approach was 23.5%,
while the SAFs for direct medical cost of smoking estimated by
using the RR of montality approach was 19.7%. Therefore, the
use of RR of mortality as a proxy for RR of healthcare
utihsation is expected to yield an underestimated and con-
servative SAF for medical costs. Secondly, the relative risks we
used were taken from a cohort study of 99 570 persons in
Mumbai that is not nationally representative. Longitudinal data
on risk factors for healthcare expenditures would be required to
apply econometric models to cost estimation. With these data,
one could control for different risks, assess the source of
payments specifically for tobacco-related diseases and consider
the impact of cessation on healthcare expenditure.
Unfortunately these data are not available for India.

Our estimates are probably low. We were unable to include
the costs of premature mortality from tobacco use, because data
on number of deaths by underlying cause of death at the
national level in India are currently difficult to acquire.
However, the estimates presented here are still important
because it is the first time economic costs of tobacco use in India
are presented using nationally representative healthcare expen-
diture data. Even the conservative estimates presented here are
huge in comparison with the taxes collected from tobacco or the
expenditure on tobacco control incurred by Government of
India. The mortality cost has been estimated to account for 84%
of total tobacco-related costs in India."" Studies from China,*
Korea,™ USA,” and Germany™ estimate the cost of premature
death to be 58%, 91%, 46% and 64% of the total cost of smoking
respectively. If the value of tobacco-attributable deaths adds
84% to the total costs, our estimate of the total economic costs
of tobacco use in India for 2004 would be $10.6 billion. It should
be also noted that due to the general assumptions used for
earnings and employment, the indirect costs especially for
women might be under-estimated. Furthermore, our analysis is
limited to four categories of tobacco-caused disease. Many more
diseases are known to be caused or exacerbated by tobacco use

The huge healthcare burden attributable to tobacco use in
India has many dimensions. More than 70% of the healthcare
cost in India is out-ol-pocket expenditures. Given that
consumption of tobacco in India is more prevalent among the
poor,”™ 1t 1s likely that much of the tobacco related illness and
the associated economic cost would also be higher among them.
Hospitalisations for tobacco related diseases force poor people
into debt traps and can result in severe impoverishment. There
i @ hugher risk (odds ratio 1.35) of borrowing and distress selling
during hospitalisation by individuals who use tobacco in India
Expenditures on tobacco in India displace expenditures on food
and education © Thus, high spending on tobacco coupled with
the higher healthcare burden of treating tobacco related diseases
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can push tobacco consumers into a vicious circle of tobacco use,
Ul health and poverty. :

The economic cost of tobacco use in India reflects an
important gender dimension, with 87% costs accounted for by
males. Yet, the consequent toll on household income is shared
by all the household members. Tobacco control efforts should
take heed of these different dimensions of the economic costs of
tobacco use

Current economic costs associated with tobacco use are much
higher than the tax revenues generated from tobacco. There 1s
also evidence that the taxes on tobacco in India are much lower
than the optimum level possible * Hence, an increase in tobacco
taxes could be justified and that money could be used to pay for
tobacco induced healthcare expenditures for the poor and for
tobacco control efforts to prevent these diseases and lower these
costs. An increase in tobacco taxes can also reduce expenditures
on tobacco as increased taxes are known to result in decreased
tobacco use *
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Abstracrt

A substanuial proportion of the world’s population is engaged in chewing areca nut and the habit is endenic
throughout the Indian subcontinent, large parts of south Asia and Melanesia. A large variety of ingredients,
mecluding tobacco, may be used along with areca nut constituting a betel quid. The composition and method of
chewing can vary widely from country to country and these poprdanon variations are described in this review.
Some populations are known to use areca nmut without tobacco providing good opportunities to further research
the caranogenecity of areca nur. Some interesting trends on chewing panerns have emerged from recent data,
suggesting a decline in the habit in some countries such as Thailand while the prevalence of areca nut use is

rising in India and Taiwan.

Introduction

T'he usage of areca nut is indigenous to India, S
Lanka, Maldives, Bangladesh, Myanmar, Taiwan
and numerous islands in South Pacific. It is also
popular in parts of Thailand, Indonesia, Malay-
sia, Cambodia, Vietnam, Philippines, Laos,
China and in migrant communities from these
countries. In populations resident in south and
East Asia the use of areca nut is strongly
interwoven into local art and eraft, folklore, social
customs, religious practices and cultural rituals.
In this supplement historical and anthropological
aspects of areca nut usage are described by
Strickland.' This paper presents a global per-
spective of the current usage of areca nut by
reviewing available informaton on its widespread
usc by population groups to allow an appreciation
of the numerous public health problems asso-
ciated with the use and abuse of this substance.

There are several palms under the genus Areca
native to South, South-East Asia and Pacific
islands. This tropical palm tree bears fruit all year.
Areca nut for chewing is obtained from Areca
catechu (Fig. 1). It is believed that Areca catechu
may be native to Ceylon (Sri Lanka), West
Malaysia and Melanesia.? Areca nut is consumed
in large variety of ways and can be used by itself.
When ripe it is orange-yellow in colour and the
seed (endosperm) is separated from fibrous peri-
carp (Fig. 2). The nut may be used fresh, or dried
and cured before use, by boiling, baking or
roasting. In some areas, especially Eastern India
and southern Sri Lanka, fermented areca nut is
also popular. InTaiwan, areca nut is often used in
the unripe stage when it is green, like a small olive
(Fig. 3). Areca nut is known colloquially in the
Indian subcontinent in Hindi and Bengali as
supart, in Sri Lanka it is called puwak, in Sylheti
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Figure 3IJ Unripe muat as consumed in Taiwan.
|

accompaniments are the leaf of Piper betle (betel
leaf), lime, catechu and tobacco. The practice of
areca nut chewing in the form of a betel quid is
described explicitly in a monograph published by
the Intemnational Agency for Research on Can-
cer.” The major components of betel quid are
Hlustrated in Fig. 4 and are listed in Table 1.
The most common accompaniment globally is
the leaf of Piper betle. This has led to areca nut
being labelled erroncously as betel nut in the
English literature. Apart from the leaf other parts

SEits = S of the betel vine such as stem, inflorescence
Figure 1. ammanic dhsration of areca m. Areca )
m; Is abzax'mdg;rmnm:he :.rrl.'.l tat;{:u“fr:: Suu.r::‘; (flower; pods) or catkins are also consumed with
1995-2001 Missowri Bowamical Garden Library hup/

fridgwaydb. mobot. org/mobot/rarebooks/

as gua, in Thailand as mak, in Sarawak as pinang
and in Papua New Guinea as daka.

Areca nut chewing is practiced 1s several
different ways in various countries and often
mixed with several ingredients 1o make up a betel
quid known as pan in Hindi. The most popular

Figure 2. Areca nut. Figure 4. A betel guad prepared in the traditional way using

betel leaves, shiced areca nut, cut tobacco and slaked lime.
s
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Table 1. Consntuents of betel quad

Consituent Preparation

Sliced fresh ripe nut
Roasted
Drned/baked
Boiled

- Fermented
Immarture
Fresh leaf
Inflorescence

Areca nut

Piper betle

From coral

From shell fish

From lime stone
Fermented

Sun dried

Powdered with molasses with lime
Exwract of Acacia catechu
Extract of Acacia suma
Cloves

Cardamom

Aniseed

Coconut

Lime

Tobacco

Cartechu

Spices

Sweetners

Modified from Ref 28

the nut. Consumption of the inflorescence (Fig.
5) i1s common in Melanesia and in parts of
Taiwan.

Lime (calcium hydroxide) is often used with
areca nut in combinauon. Lime is obtained in
coastal areas by heating the covering of shellfish
(sea shells) or harvested from corals. In central
areas of a country 1t 1s quarried from limestone.
In the Asian markets lime is sold as a paste mixed
with water (Fig. 6) which is white or pink. In
Papua New Guinea lime is available in the
powdered form.

Figure 5. Inflorescence (flower) of Piper betle mostly used
in Tanvan and Melanesia.

Global eprderiology of areca nur usage 79

Catechu is an extract of the Acacia tree A.
catechu or A. suma. Catechu is often smeared on
the betel leaf that 1s used to wrap areca nut flakes.

Cut tobacco is consumed with areca nut often
in the quid mixture. This type of chewing tobacco
is made from sun-dried and party fermented
coarsely cut leaves without further processing.
Sometimes tobacco is powdered and combined
with molasses or boiled before use.

Pan Masala is the generic term used for areca
nut-containing products that are manufacrured
industrially and marketed commercially. These
in small convenient sachets for

are available

individual use. Several trade brands are illus-
trated in Fig. 7. Pan masalas containing tobacco

are referred to as Gutka.

Global epidemiology

Areca nut is used as a masticatory substance by
approximately 600 million people worldwide. It is
estimated that 10-20% of the world’s population
chew areca nut in some form, often mixed in
betel quid (pan). A challenge facing researchers
documenting the prevalence of areca nut use in
populations is the difficulty in documenting
patterns of areca nut use as separate from betel
quid chewing which often contain a variety of
ingredients, including tobacco. Thus estimaring
the population frequency of areca use by itself is
often frustrating, as some authors do not record
this explicitly in their publications. As areca is
often the primary ingredient in betel quid any
studies describing population data for betel quid
chewing is taken as a valid reference value. While
there are no nationwide surveys reported on
the prevalence of this habit, data from several

Figure 6. Slaked lime in paste form.
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Table 2. Prevalence of areca and/or bete] quad chewing among adults i seleaed populations

Chewing
Men Women All practice
Country n %o n %o n % Nut only Quid Reference
India, Bombay 40071 345 50527 27.2 99598 32.) X 6
Pakistan, Karachi 2661 3.2 2093 8.2 4754 54 ~ X 8
Sri Lanka 316 54 817 42 1133 452 X 13
Thailand 986 16 880 19 1816 17 x 15
Taiwan, Kaohsiung 511 283 651 1.4 1162 133 x 24
Sarawak 195 30 263 63 458 493 X 28
Cambodia 366 6.8 953 40.6 1319 31.2 30
China, Xiangrang city 6057 1393 4989 305 11406 353 # 32

countries obtained in hospita I-based, population-
based and school-based surveys are reviewed
here.

Data from several published srudies arising
from a number of population groups studied
since 1970 are listed in Table 2. While the range of
point prevalence for areca chewing is wide
(<1-54%) some important demographic differ-
ences are noted. Strickland® has considered these
ethnographic differences in detail and the salient
points are that in these countries more women
than men chew and the prevalence of chewing
increases with age. Some particular character-
istics relevant to each local population are out-
lined below.

India

India has the largest areca-consuming population
in the world. Much of the data arise from
extensive population studies conducted by the

conducted in rural areas from individuals aged 15
years or over with approximately equal propor-
tions of males and females. Interviews were
conducted in five districts in India, Gujarar,
Andhra Pradesh, Bihar and Kerala, involving
50915 people. The proportion chewing betel
quid varied from 3.3% in Sirikakulam in Andhra
Pradesh to 37% in Ernakulam in Kerala. Among
50915 people surveyed in five districts, 0.6% of
those chewed areca nut alone (supari), compared
with 11.6% who chewed betel quid with tobacco.
The other large-scale study conducted in India by
Malaowalla et al.® on 57 518 industrial workers in
Ahmedabad, Gujarat—a population different 1o
the above studies in that these were mostly urban
male textile workers— reported pan and supari
chewing by 26% of 85% who admitted 10 an oral
habit. In a study of 99598 adults (> 35 years) in
Mumbai, some 32.1% reported chewing betel
quid with tobacco, whereas only 0.5% reported

chewing areca nut or betelquid  withour
TIFR group® in the 1960s and 1970s. Data were  tobacco.®
collected in a series of house-to-house surveys

Pakisian

Figure 7. Packaged areca ma products referred 10 as pan
masala. Those comtaiming tobacco are referred to as gutka.

Mahmood et al.? questioned 10749 apparently
healthy subjects living in Karachi. He recorded
pan use without tobacco in 7.5% and pan with
tobacco in 15% of this population. A subcohort
of 3562 individuals from this group were re-
examined by Jafarey & Zaidi.® They reported that
at least 30% of these healthy individuals had a
pan habit compared with a hospital group of
1192 oral carcinoma parients, among whom 66%,
had a pan habit. Their description of a pan habiy
1s not explicit, but as tobacco chewers are listed
separately the assumption 1s that this group

Gés



reporting pan use chewed predominantly areca
nut and betel. Maher,” in a recent house-to-
house study in a perturban area in Sindh,
recorded 35 different items that are consumed as
part of betel quid chewing by this population.

Sr Lanka _ P

In Sn Lanka the habit of areca chewing stems
from ancient umes, and traditionally the nut is
chewed with a betel leaf sprinkled with lime (Fig.
4). Tobacco may be added to the quid. Hir-
ayama's carly studies ih the 1960s'® indicated
that, among a group of healthy control subjects,
at least one in five men did not add tobacco to
their betel/areca recipe. A higher proportion of
women (who did not smoke) were reported to be
adding tobacco to the areca/betel quid mixture.
Other studies in the 1960s and 1970s confirmed
these patterns of chewing.'''? Warnakulasur-
iya,'* in a large-scale epidemiological study in
rural villages in the Central Province of Sri
Lanka, reported around 50% of men and women
to be chewing betel quid.

In a nationwide survey'® conducted between
1994 and 1995 approximately 4000 adults over
35 years of age were interviewed on their betel
quid chewing habits. The reported prevalence of
betel quid chewing was 33.7% among
35-44-year-olds and 47.7% among 65-74-year-
olds.

Thaidand

The constituents of a betel quid which includes
fresh or fermented parts of areca nut as used in
Northern Thailand are very similar to those
illustrated i1n Fig. 4. Tobacco 1s almost always
added. A detailed study of several hill tnbes
(L.ahu, Karen, Lisu and Thai) hving in Northern
‘Thailand by Reichart er al.'® carried out in
1979-84 suggested a prevalence ranging from 5
to 44% in men and 9 1o 46% in women. In the
Thai tribe the habit was less predominant and the
Meo tribe was the exception, preferring to chew
miang — fermented wild tea leaves.

The habit of betel quid chewing in Thailand is
declining, the only country in south Asia to
record such a trend. In 1955, Young'® com-
mented on this and Reichart’s group'’ sub-
stantiated this falling trend by observing that very
few villagers below the age of 35 chewed betel,
once a universal custom among Thai peasants.

Global epidermology of areca nut usage 81

The habit of betel chewing in cities such as
Bangkok and Chaing Mai has almost vanished.'®
Axell et al '® reported that only three of 234
subjects (1.3%) attending a hospital unit reported
any form of betel or areca use. A decline in
frequency and mortality from oral cancer in
Thailand is linked to the conunuously declining
chewing habit among Thais.'®

Guam

Guamians chew mainly the nut, without the
addivon of tobacco or lime. Either the fresh
immature green areca nut with its husk and skin
or areca nut together with a betel leaf is chewed.?®
This practice seems to be ancient and has not
changed, but the prevalence data for the chewing
habit have not been examined in any systematic
survey.

Papua New Guinea (PNG)

In PNG the quid is formed by chewing the kernel
of the areca nut, and by adding slaked lime using
the inflorescence of betel piper vine (Fig. 5)
moistened with saliva, dipped in powdered
lime.?' Together these three form the basis of the
quid habit and betel leaf or tobacco are tradition-
ally not consumed?? Although several descriptive
papers refer to the habit of areca chewing among
Papuans, mainly from lowland and island areas,?®
no detailed epidemiological studies on the use of
areca arc available.

Tawwan

Betel quid chewing behaviour is viewed as a
predominantly male habit in Taiwan with 21:1
ratio of relative prevalence rates between men
(28.3%) and women (1.4%) among Kaohsiung
residents.”® Patterns of chewing among aborigi-
nes and Chinese were also reported to be
different;*® an aborigine would wrap a fresh areca
nut in a betel leaf while Chinese would sandwich
the betel infloescence (fruit) berween two halves
of the areca nut smeared with hme (Fig. 3).
Among the general population in Taiwan, 6%
were reported to be current chewers (9.8% for
men; 1.6% for women) while among the aborig-
ine people the prevalence was 42.1% (46.5% for
men; 38% for women). Analysis of sociodemo-
graphic factors suggested that men, older people,
less educated people, blue—collar workers, aborig-
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ines, smokers and drinkers were more likely to
chew areca nut.®® Lu er a2 estimated that the
age of beginning areca nut chewing in Changhua
county was around 12 years, corresponding to the
last year in the primary school. During school
years from junior high school 1o vocational school
prevalence rates rise from 2% to 10%.27 Stich er
al.,* examining chewing patterns in the Hualien
district in Taiwan, reported that on average a
Taiwanese uses 44 areca nuts a day and a
significant number of chewers may chew up to
120 nuts a day.

Sarawak and Malaysia

In rural Sarawak, areca nut is essentially an item
of local produce, Following a field study Strick-
land & Duffield?® reported that 22% of men and
47% of women interviewed in 1996 used areca
daily. The habit tended to begin in young
adulthood and women were more regular chew-
ers than men. Among indigenous people of
Sarawak living in Malaysia, Zain er al.*® reported
37 of 164 (22.5%) were current chewers. Again,
the habit was more prevalent in women. How-
cver, compared with Sarawak people among
Indians working on estates in the same region the
habit of quid chewing was more popular and 91
of 147(62%) were identified as habitués. Malay
quid chewers are noted not to use tobacco in their
quid mixture.

Cambodia

Few epidemiological studies on chewing habits
are reported in selected Cambodian populations.
Ikeda er al, in the carly 1990s, interviewed
1319 individuals in nine villages in Cambodia.
Chewing betel quid was reported by 408 subjects
(31%). Among these Cambodian chewers 28%
reported use of the nut only. Reichart also
reported on the popularity of the areca chewing
habit among elderly Cambodian women.?!

China

Zhang et al.,* in g large-scale epidemiological
study, interviewed 11406 subjects in Xiangtan
city in Hunan Province in China. The people in
Xiangtang were reported to often chew areca nur
without tobacco, while bitter and hot pepper were
usual additives. Thirty-five per cent of the sub-
jects chewed areca nut. In a pilot study of 100

subjects in Hainan island of the People’s Republic
of China 95% of the study population chewed
areca nut.>?

Conclusions

There are clearly many differences in the way
areca nut is consumed, gn its owWn or often in
combination with many other ingredients,
including tobacco. In India alone, Pindborg er
al,* in the 1960s, described 38 different combi-
nations of areca nut and tobacco yse according
each person’s recepe. In Some populations the
chewing of areca nut begins at a young age and
their first experience of areca use is during
¢lementary school years. 5 During the last two
decades, with the availability of commercially
available products, the pattern of use of areca has
changed rapidly and the practice of chewing areca
nut has received a boost. More precision is
required in defining what is chewed® and the risk
of carcinogenecity of the berel quid may well
relate to the type, duration and frequency of the
habit. This review identifies some ethnic groups,
mainly in Melenesia, that do not use tobacco in
areca/betel quid chewing and there are thus good
opportunities for further research into the carci-
nogenecity of areca nut in these populations.
While in some countries such as Thailand areca
chewing is declining, there is new evidence that
areca usage is increasing in other countnies,
notably in India and Taiwan, thus increasing the
risk of these populations to develop oral sub-
mucous fibrosis and oral cancer.
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fibrosis.

0 ral cancer (ICD C00-C06) satisfies the criteria for a
suitable disease for screening' in several regions of
the world. It has clinically recognizable precancerous
lesions (leukoplakia and oral submucous fibrosis) and
asymptomatic early invasive lesions. It is a major can-
cer in populations in South Asia (particularly India),
the Western Pacific, and certain regions of Europe and
Latin America.? Incidence and mortality from oral
cancer are reportedly increasing in several Western
populations and eastern European populations.® Pop-
ulation-based 5-year survival for patients with this
group of cancers is approximately 50% in the uS;tit
ranged from 45% to 49% in Europe” and approxi-
mately 30% in selected developing countries.® There
has been very little improvement in overall 5-year
survival over the last 3 decades;" although 5-year sur-
vival for localized cancers exceeded 80% in the U.S., it
was approximately 60% in selected developing coun-
tries.® The poor overall survival reflects the advanced
stage at diagnosis for the vast majority of these can-
cers, as 5-year survival seldom exceeds 40% for pa-
tients with regional disease and 15% for those who
have disease with distant metastasis.

Visual examination of the oral cavity is a simple
approach to detecting asymptomatic oral cancers and
precancerous lesions. The performance characteris-
tics of this test are satisfactory in terms of sensitivity,
specificity, and predictive value;"'? therefore, it is a
suitable screening test for oral cancer. Precancerous
lesions, such as leukoplakia, are likely to regress if risk
factors such as tobacco and alcohol habits are
stopped. Early stage oral cancers are amenable to sin-
gle-modality therapy with either surgery or radiation,
with minimal posttreatment sequelae and promising
long term disease free survival.

Though oral precancers and early cancers can be
detected by visual inspection of the oral cavity, to
date, no studies have evaluated this approach in terms
of reduction in mortality from oral cancer. We initi-
ated a community-based, cluster-randomized con-
trolled intervention trial in Trivandrum District,
Kerala, India, in October 1995, to evaluate the mortal-
ity reduction associated with screening by visual oral

940

group. The 3-year case fatality rates were 14.9% (7 of 47 patients) in the interven-
tion group and 56.3% (9 of 16 patients] in the control group.

CONCLUSIONS. Though compliance with referral for confirmatory examination in
the first round was lower than the 70% anticipated, intermediate end points, such
as stage at diagnosis and case fatality, indicate that the trial is making fairly
satisfactory progress. Cancer 2000;88:664-73. © 2000 American Cancer Society.

KEYWORDS: oral cancer, mouth cancer, head and neck cancer, screening, early
detection, control, oral visual inspection, randomized trial, leukoplakia, submucous

examination provided by trained health workers. The
ag'e-slandardized incidence rates of oral cancer (ICD
10 C00, CO01, C03-C06 categories) were 16.3 per
100,000 males and 7.7 per 100,000 females during
1991-1992 in this region, the fourth highest rates re-
ported in the world.? Three rounds of screening at
3-year intervals are planned for this study. We de-
scribe the study and findings from the first round of
screening, which was completed in May 1998.

MATERIALS AND METHODS

The study participants are apparently healthy resident
subjects age 35 years or older, living in 13 clusters
called panchayaths located in the northern suburb of
Trivandrum City, Kerala, India (Fig. 1). Panchayaths
are municipal administrative units in rural areas of
India, with total populations of 20,000-40,000. The
number of eligible subjects in each cluster varied from
5177 to 12,147 (mean, 8815). These clusters were allo-
cated to an intervention arm (n = 7) and a control arm
(n = 6) by restricted (blocked) randomization. The
clusters were grouped into blocks of four, and the
allocation into intervention or control arms for a par-
ticular block of clusters was chosen at random from
the six possible combinations of study groups in
blocks of four. The following categories of subjects
were excluded from the study: bedridden subjects,
those suffering from open tuberculosis or other debil-
itating diseases, and those diagnosed with oral cancer
prior 10 entry into the study. The study protocol was
reviewed and approved by the institutional ethical
committee, and informed consent was obtained from
participating subjects.

Two health workers (HWs) (1 male and 1 female),
hereafter referred to as “intervention HWs,” were re-
cruited to enumerate and screen eligible subjects in
each panchayath. They were university graduates in
biology or social sciences and received a 3-month
training period organized by the Community Oncol-
ogy Division of the Regional Cancer Centre (RCQO),
Trivandrum, on performance of the following tests:

« To enumerate households and record all their resi-
denis;
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weight, blood pressure, and respiratory peak flow
measurements.

A pair of HWs, hereafter referred to as “control
HWs,” were recruited from each panchayath random-
ized to the control arm. They were trained to enumer-
ate and interview the subjects to collect information
on sociodemographic factors, personal habits, diet,
and medical history, and record the information on a
structured form. They were trained in measuring
height, weight, blood pressure, and respiratory peak
flow measurements, but no training was given to them
regarding oral cancer and oral visual inspection.

Information on the households, such as location,
house number, address, type of house, facilities in the
household (availability of cooking gas, refrigerator,
toilets, running hot water, source of water supply,
radio, television, vehicles, and telephone), household
income, name, age, and personal habits of all subjects
in the households in all study clusters, were entered
on a household form. The study was then explained to
the eligible subjects and they were provided with a
pamphlet with printed information on the study in
Malayalam (the local language). Each eligible subject
was then assigned a unique number based on the
panchayath, ward (a subunit of the panchayath),
household number, and an assigned individual num-
ber. They were then interviewed for details regarding
occupation; personal habits, such as pan tobacco
chewing, tobacco (bidi, cigarette, cigars, pipe) smok-
ing, alcohol consumption, consumption of vegetables,
fruits, and dietary supplements; and personal history
of past or current illness. The responses were entered
on an individual form. Height, weight, respiratory
peak flow, and blood pressure measurements with a
mercury manometer were also recorded on the indi-
vidual’s form. A pamphlet describing the harmful as-
pects of tobacco in Malayalam was distributed to each
household. Those with current tobacco or alcohol
habits were advised to give them up, and others were
encouraged not to initiate these habits.

Oral visual inspection of eligible subjects in the
intervention panchayaths was performed in bright
daylight with the help of a flashlight. All the intraoral
sites were carefully examined and palpated. The neck
was also palpated to detect enlarged lymph nodes.
The findings were recorded as follows:

* Normal;

« Nonreferable lesions: fissures in the tongue, aph-
thous ulcer, black patch, tobacco-related blanching,
fibroma, hypertrophied papillae, etc.;

« Referable lesions: white patch, ulcerated white
patch, verrucous lesion, submucous fibrosis, red
patch, suspicious ulcer or growth.

Subjects with referable lesions were given ap-
pointments for confirmatory examination by dentists
or medical officers in special clinics (at the RCC) or
were referred to their own physician or dentist, if they
preferred this option. Those attending were examined
and the findings documented. Subjects were again
advised to stop tobacco and alcohol habits. If the
subjects consulted their own physician or dentist, the
examining_physician was requested to mail feedback
to the screening project office regarding the findings
and advice given. Oral biopsies were performed in
those with clinically confirmed homogeneous leuko-
plakias, ngnhomogeneous leukoplakias (ulcerated
leukoplakia, erythro leukoplakia, verrucous leukopla-
kia, and nodular leukoplakia), oral submucous fibro-
sis, and cancers. Surgical excision was carried out for
leukoplakia wherever possible. Nonsmokers with non-
excisable, nonhomogeneous leukoplakias were ran-
domized to a prevention trial with vitamin A; smokers
with large, nonexcisable lesions were given close fol-
low-up. All subjects with oral precancers were regu-
larly reviewed concerning the possibility of surgical
excision and to assess any regression or progression.
Those with submucous fibrosis were treated symp-
tomatically. Subjects with confirmed oral cancers
were referred for treatment with surgery and/or radio-
therapy and/or chemotherapy to the RCC, Trivan-
drum, or a cancer treatment facility elsewhere, if they
preferred the latter option.

The intervention and control cohorts are being
followed up by the Trivandrum population-based can-
cer registry to determine the incidence and stage dis-
tribution of invasive oral cancer, treatment given, and
mortality. A special liaison has been developed with
the municipal death registration systems in the study
clusters and in Trivandrum City to obtain information
on mortality. All deaths occurring among subjects age
30 years or older are abstracted from the death registry
and matched against the study data base. Data are
recorded using D-Base and analyzed with STATA sta-
tistical software (STATA Corporation, College Station,
TX).

Short term evaluation of the efficacy of the inter-
vention is based on the following indicators and mea-
sures:

1. Participation: the number of eligible subjects
screened as a proportion of the total eligible in the
intervention arm.

2. Positivity rate: the proportion of screened subjects
identified with referable lesions (screen positive)
by the intervention HWs.

3. The detection rate for oral precancer and oral
cancer is the number of subjects with lesions de-
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tected per 1000 screened subjects in the interven-
tion group.

4. Compliance with referral: the proportion of screen
positive subjects reporting for diagnostic confir-
mation by dentists or physicians.

5. Sensitivity, specificity, and positive predictive
value for detection of oral precancerous lesions:
These were calculated in a validation study'’ in-
volving 2069 of eligible subjects (678 men and
1391 women, comprising 231 screen positive and
1838 screen negative subjects) already screened by
HWs who were independently examined by phy-
sicians (reference test). Sensitivity was given by
the proportion of subjects having lesions among
those tested positive; specificity was given by the
proportion of subjects not having lesions on a
physician’s examination among those who were

screened negative by HWs. Prevalent cancer cases
were 100 few in this sample of subjects to assess
sensitivity and specificity for oral cancer.

6. Program sensitivity and specificity for detection of
oral cancer: Sensitivity was calculated as the num-
ber of screen-detected oral cancers as a propor-
tion of the total oral cancers in the intervention
group. Specificity was calculated as the proportion
of screen true-negative subjects among the to1al
non-cancer-eligible subjects (see Table 5). Positive
predictive value was calculated as the number of

.
! By December 1998, 9/16 '
i (56.3%) incident oral cancer

TABLE 1
Participants in the Intervention Trial
Males in Malesin  Females in Females in
intervention  control Intervention  control
Total clusters dusters  dusters clusters
Total residents 79,234 74,218 93333 85,415
Eligible individuals 25,453 8356 34441 31,351
(100%) (100%) (100%) (100%)
Eligible individuals =
interviewed 18,639 14,132 30,619 25516
(73.2%) (60.5%) (88.9%) (81.4%)
Bligible individuals
screened 18,605 - 30,574 - !
(73.1%) (88.8%)

screen-detected oral cancers as
total screen positive subjects.
7. Incidence rate of oral cancers in the study groups
per 100,000 person-years: The number of person-
years in the intervention and control groups was
calculated from the date of study entry to May 31,
1998.
Characteristics of oral cancers in the study group:
maximum dimension of lesions, regional lymph
node involvement, and International  Union
Against Cancer/American Joint Committee on
Cancer (UICC/AJCC) TNM stage grouping distri-
bution™ of oral cancers in the study groups.
9. Case fatality for oral cancer cases diagnosed dur-
ing the study period: the number of deaths among
the total number of cases.

a proportion of

The final outcome of the trial will be calculated by
a comparison of mortality due to oral cancer in the
intervention and control groups.

RESULTS

The outcome of the first round of screening is shown
in the flowchart (Fig. 2). The total number of residents
of the study areas, the number of eligible subjects, the
number of subjects interviewed, and the number eli-
gible subjects screened are shown according 10 gender
in Table 1. The participation rate for screening was
73.1% for males and 88.8% for females.

The distribution of 4ge, occupation, income, so-
cioeconomic indicators, education, and tobacco and
alcohol habits in the intervention and control groups
are given in Table 2. The age distribution was similar
in both groups. The distribution of income, education,
and ownership of, for example, a radio, television, etc.,
Were more or less comparable in both study groups.

The distribution of tobacco and alcohol habits
was somewhat different berween the study groups
(Table 3). Pan tobacco (a combination of betel leaf,
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TABLE 2 TABLE 3
Characteristics of Participants Prevalence of Habits among Participants
Intervention group Control group Intervention Control Intervention Control
Characteristics (= 59 B34) (n=54707) males males females females
Habits (n=125453)  (n=2335%)  (n=34441)  (n=31,351)
Age (vrs)
3544 378% ki Nohabit  314% H1% 723% 81.8%
45-54 2%.7% 275% Chewing  268% 205% 264% 176%
5564 19.8% 19.2% Smoking  558% 439% 245 1.0%
65-74 109% 106% Drinking ~ 238% 23% 02% 0.2%
754 8% 19%
Occupation
g{;nualehed B}g: 3‘?—“2 referral was lower (48.5%) among those with incomes
ce relat > 37%
Technical/professonal {98 S5 less than 1300 rupeey (less than .36 U:S. dol!ars) per
Education month as opposed to those with higher incomes
Mliterate 17.9% 161% (58.7%). It was also lower (47.3%) among screen pos-
Primary 292% 25.7% itive subjects with less severe lesions (suggestive of
Secondary 43.9% 48.8% homogeneous leukoplakia) on screening compared
]ni’o"'n“:; ;‘ﬁmm} 2% ol with those who had more severe lesions {suggestive of
Low (<1500) S65% 6% nonho_mogeneous lesions, submucous fibrosis, and
Low-middle 274% 128% suspicious ulcers or growths) (54.6%).
{<3000) 100% 125% Among the 1877 subjects reporting for confirma-
i\::fhd‘fg;g?m 58% 1% tory examination, 531 (28.2%) were found to have
12n (> . P .
Household availability of: normal mucosa, anatomic variations, or benign le-
Radio 61.9% 69.7% sions. The other abnormal findings were homoge-
Television 4.7% 97% neous leukoplakia (n = 634), nonhomogeneous leu-
Fridge 16.1% 17 6% koplakia (n= 502), and submucous fibrosis (n = 174),
Bicycle 2.1% Ig.s‘:u all of which we consider oral precancerous lesions,
?:""“ fi: 1';: and oral cancer (n = 36). The detection rate of oral
Indoor toilet 19.7% 181% precancerous lesions was 26.6 per 1000 screened sub-
Telephone 6.9% 6.0% jects.

lime, arecanut, and dried tobacco leaves) was the
most common form of tobacco chewed. Tobacco
smoking predominantly involved bidi smoking (a bidi
is a local cigarette made by wrapping coarse tobacco
in a dried temburni leaf), followed by cigarette smok-
ing. The most common alcoholic drinks were a toddy
locally brewed from palm vine and an arrack brewed
from sugar cane juice. Pan tobacco chewing was more
prevalent in the intervention group among both gen-
ders when compared with the control group. Smoking
and alcohol drinking were rare among females. There
was a higher prevalence of smoking and alcohol drink-
ing among males in the intervention group, compared
with controls.

Among the 49,179 subjects screened by HWs, 3585
(7.3%) were found to have referable lesions. Of these,
1877 (52.4%) complied with referral for confirmatory
examination by dentists or physicians. The compli-
ance among males (49.0%) was lower than among
females {54.7%); it was much higher in the age group
55-64 years (59.8%) than in the age groups 35-54 years
(47.7%) and 65 years or older (50%). Compliance with

In a small "validation study” involving a random
sample of 2069 subjects, the sensitivity and specificity
of detection of oral precancers were 94.3% and 98.3%,
respectively, as reported in an earlier article.'” The
positive predictive value for the precancers was 86.6%.

A total of 308 subjects with clinically confirmed
oral precancerous lesions were subjected to biopsy.
The outcomes of their histologic examinations are
shown in Table 4. Invasive cancer was histologically
detected in 7.5% of clinically diagnosed nonhomoge-
neous leukoplakias; some degree of dysplasia was
present in 59.7% of the subjects with these lesions.
Surgical excision was carried out for 93 subjects with
leukoplakia.

A total of 63 patients with oral cancer (47 in the
intervention and 16 in the control group; 37 males and
26 females) were registered by the Trivandrum cancer
registry from the study groups during the period of the
first round of screening (October 1995 through May
1998). A total of 83,764 person-years (35,491 male and
48,303 female person-years) were accrued in the in-
tervention group as of May 31, 1998; 78,754 person-
years (33,411 male and 45,163 female person-years)
were accrued in the control group. The incidence rate
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TABLE 4

Histologic Findings for Subjects with Oral Precancers Subjected to Biopsy

Mild

Moderate Severe Invasive

Clinical lesion Total Biopsied dysplasia dysplasia dysplasia cancer Others
Homogeneous leukoplakia 635 Ul 14 12 0 1 44
Non-homogeneous leukoplakia 519 226 28 ] 19 17 I
Submucous fibrosis 175 1 0 6 0 1 ]
TABLE 5 TABLE 6
Calculation of Program Sensitivity and Specificity for Detection of Stage Distribution of Oral Cancers in the Study Groups
Oral Cancer

J Stages Intervention (n = 47) Control (n = 16)
Visual inspection Oral cancer present Oral ‘ancer absent Total

| 22 (45.8%) 0 (0.0%

Positive 36 31549° 3585 I 12 (255%) 21125%)
Negative 8 45,586 43594 1 9(192%) 4 (25.0%)
Not done 3 10,712 10715 v 1(85%) 10 {62.5%)
Total 7 59,847 58,894

Sensitivty: 36447 = 76.6%; specificity: 5,586/59,47 = 76.2%: positive predictive value. 35/3585 = .05,
* Inchides 1708 non-compliant subjects assumed 10 be and classified as false- posives.

of oral cancer was 56.1 per 100,000 person-years in the
intervention arm and 20.3 per 100,000 person-years in
the control group. For males, the incidence rate was
73.3 in the intervention group (n = 26) and 32.9 in the
control group {n = 11); the corresponding figures for
females were 43.5 (n = 21) and 11.1 (n = 5).

Of the 47 oral cancers in the intervention arm, 36
(76.6%) were screen-detected, 8 (17.0%) were interval
cases, and 3 cases were clinically detected from among
eligible subjects who were not screened. The detection
rate for oral cancer was 0.7 per 1000 screened subjects
in the intervention group. Among the screen-detected
cancer cases, 21 were males and 15 were females. The
intraoral site distribution of cancers in the interven-
tion group was as follows: lip (ICD €00), 0; tongue
(ICD Co1, C02), 12 (25.5%); gum (ICD C03), 4: floor of
mouth (ICD C04), 1; palate (ICD C05), 4: buccal mu-
cosa (ICD C06), 26 (55.4%). The site distribution of
cancers in the control group was as follows: lip, 1,
tongue, 7 (43.8%), gum, 2, floor of mouth, 1, palate, 0,
and buccal mucosa, 5 (31.1%).

The program sensitivity and specificity in detect-
ing oral cancer were 76.6% and 76.2%, respectively
(Table 5). These calculations included 1708 screen
positive cases who did not comply with referral, were
assumed to be false-positive, and were classified as
such. The positive predictive value of the visual in-
spection was 1.0% for oral cancer.

The distribution of the maximum measurable di-
mension of cancers in the intervention Broup was as
follows: <2 cm: 23 (49.0%): 2- 4 cm: 12 (25.5%): >4 cm:
12 (25.5%). The corresponding results for the control

group cancer cases were 0 (0.0%), 7 (43.8%), and 9
(56.2%), respectively. Thus, 74.5% of the tumors in the
intervention group measured <4 cm, as opposed to
43.8% in the control group. In the intervention group,
36 (76.6%) had no palpable neck lymph nodes, as
opposed to 4 (25.0%) in the control group. The stage
distribution of oral cancer cases, based on the UICC/
AJCCTNM stage grouping,'* in the two study groups is
given in Table 6. In the intervention group, 72.3% of
the cases were in Stage 1 or 11, as opposed to 12.5% of
cases in the control group (P < 0.05). Over the 3-year
period, since the inception of the trial, 7 of the 47 oral
cancer patients in the intervention group and 9 of the
16 cases in the control groups died, a 3-year case-
fatality of 14.9% (7 of 47) and 56.3% (9 of 16) in the
respective groups.

DISCUSSION

To our knowledge, our ongoing study is the first con-
trolled intervention trial with the aim of determining
whether screening by visual inspection of the mouth
can reduce monrtality from oral cancer, and whether
this approach is sufficiently cost-effective for imple-
mentation in routine health care settings in high risk
populations. Previous studies have addressed the fea-
sibility and logistics of oral cancer screening or pro-
vided information on test characteristics (sensitivity
and specificity) of oral visual inspection, participation
rate, and compliance with referral, ™% '*

Oral visual inspection of asymptomatic subjects
has been previously shown to detect oral lesions when
provig]_fﬁiblgs part of routine medical care’'® and by
HWs, Oral examinations performed as part of the
clinical examination of 672,000 veteran patients in the
U.S. resulted in the detection of 814 oral cancers.'”
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Routine oral examination of 21,318 subjects by 9 phy-
sicians and 3 dentists in 9 hospitals of the Gampola
region in Sri Lanka resulted in the diagnosis of 9 oral
cancers and 29 precancers.’

In many developing countries, the health services
rely on HWs in the provision of primary health care
and, hence, training and utilization of HWs for early
detection of common cancers (e.g., the oral cavity,
breast, and cervix) have occasionally been pro-
posed.'”'® In previous cross-sectional studies in Sri
Lanka”® and India,*'® participation in oral visual in-
spection by trained HWs ranged from 34% to 78%;
complijance with referral varied from 51% to 72%. The
sensitivity of mouth examination by HWs to detect
lesions varied from 57.7% to 61.4% in the above stud-
ies; the specificity ranged from 98.6% to 98.8%.

An oral cancer screening program has been ongo-
ing in Cuba since 1984.'* Although each dentist in the
Cuban Health Services is expected to provide yearly
screening with oral visual inspection to an assigned
population of approximately 2000 subjects age 15
years or older, in practice, this is carried out mostly as
an opportunistic examination of subjects reporting
dental problems. The proportion of eligible individu-
als examined never exceeded 21% in males and 31% in
fernales in any given year up to 1990. Descriptive
studies concluded that there was no reduction in in-
cidence of or mortality from oral cancer after the

introduction of the screening program, possibly due to -

inadequate coverage as well as poor compliance with
referral and treatment of preinvasive lesions. Never-
theless, two-thirds of the 715 oral cancer cases de-
tected in the program during the years 1984-1990
were <2 cm in size. Staging data based on half of the
oral cancer cases registered in Cuba showed that the
proportion of Stage | cancers increased from 24% in
1983 to 49% in 1989.

Pan tobacco chewing, bidi and cigarette smoking,
and alcohol drinking have been established as the
major risk factors for oral cancer in this population.'?~”'
The differential distribution of the major risk factors
between the intervention and control groups is there-
fore of concern, although somewhat puzzling in the
presence of comparable socioeconomic indicators.
The most likely explanation is that an information
bias, rather than failure of randomization, is respon-
sible. The subjects in the intervention group might
have been more motivated and forthcoming about
their habits as they were offered active intervention.
The interviewers were, of course, aware of the inter-
vention or control status of subjects (another potential
source of bias), and one cannot rule out retrospective
“correction” of interview data following the physical

examination. Risk factors will be accounted for in the
final analysis, by stratification.

As any community intervention, clusters were
randomized to minimize the potential for contamina-
tion between intervention and control groups, where
the recruitment process involved house visits, and the
eligible subjects were offered screening in their
homes. Our analysis suggests an association between
clusters and the main-isk factorg (Table 3). We tend to
interpret these differences as being due to information
bias, in which case the two groups would experience
the same background incidence and, in the absence of
intervention, mortality rate. In such circumstances,
the study would have 70% power to detect a 30%
reduction in mortality from oral cancer at a 5% signif-
icance level in the intervention group compared with
the control group, by the ninth year of follow-up.
Should the risk of the disease be different in the two
groups due to a real difference in the prevalence of
risk factors, adjustment in the analysis will maintain
the level of statistical power. At the end of follow-up,
we may have insight regarding the actual differences
between the two groups by comparing the cumulative
incidence of oral cancer on the long time period.

The participation in screening was acceptably
high, particularly so for women (88.7% of eligible fe-
males screened vs. 73.1% of eligible males). On the
other hand, the proportion complying with referral for
confirmatory examination (52.4%) was lower than the
70% anticipated. Of the screened subjects, 7.3% were
referred for further examination and 3.8% were exam-
ined by physicians. The low compliance with referral
in the previously reported cross-sectional studies in
South Asia as well as in the current study stresses the
need for appropriate educational measures to moti-
vate subjects to comply with interventions, if these are
offered in developing countries. We are taking active
steps to improve the compliance in the second round.

The findings of histologic examination of biopsy
specimens of clinically diagnosed nonhomogeneous
leukoplakias underscore the need for routine biopsy of
these lesions. One-third of clinically homogeneous
leukoplakias revealed dysplasia on histology, stressing
the need for close follow-up or even routine biopsy of
these cases. Though the numbers of cases of submu-
cous fibrosis subjected to histologic examination is
rather small, the finding that more than 50% harbored
some degree dysplasia is of considerable clinical in-
terest. Our initial policy was to encourage only sub-
jects with nonhomogeneous leukoplakias to undergo
biopsy. We are now taking active steps to encourage
also subjects with homogeneous leukoplakia and sub-
mucous fibrosis 1o undergo biopsy in view of the
above findings.
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Supplementation with retinoids is reportedly as-
sociated with regression of oral leukoplakias.?? How-
ever, their efficacy in reducing the incidence of oral
cancer in high risk subjects remains unknown. Non-
smoking subjects with nonexcisable, nonhomoge-
neous oral precancerous lesions in this study are be-
ing randomized to receive either vitamin A (200,000 1U
per week) or no supplementation. If these lesions, on
follow-up, regress to become excisable, surgteal exci-~
sion will be attempted. This approach may increase
the proportion of precancerous lesions subjected to

excision and may further contribute 1o the prevention .

of oral cancers. I

The buccal mucosa was the most common in-
traoral cancer site in the intervention group, as op-
posed to tongue cancer in the control group. This
might be a reflection of the possible differences in the
natural history of cancers at these two sites. The re-
ported 5-year survival is low for patients with tongue
cancers compared with that for patients with other
intraoral cancers.>® It is likely that buccal mucosal
cancers have a longer, possibly less aggressive natural
history than tongue cancers: if s0, buccal mucosal
cancers would have a higher likelihood of detection by
screening. These findings have some implications for
oral cancer screening in view of the marked differ-
ences in the intraoral distribution of lesions between
geographic regions (due to differences in the relative
distribution of established risk factors such as pan
tobacco chewing, smoking, and alcohol consump-
tion).** It is possible that oral cancer screening may be
more efficient in case detection in regions with a high
risk of buccal mucosal cancers than in regions with a
high proportion of tongue cancers among oral can-
cers.

Earlier detection of cancer in those screened was
clearly evident by the end of the first round of screen-
ing, as two-thirds of oral cancers in the intervention
group were diagnosed in Stages 1-] compared with
less than one-fourth in the control group. More than
two-thirds in the intervention group had no palpable
lymph nodes, as opposed 10 less than one-third in the
control group. These factors seem 1o be responsible
for the difference in the 3-year fatality from oral can-
cer in the study groups (14.9% in the intervention
group as opposed to 56.3% in the control group).
Though compliance with referral needs to be further
improved, the intermediate end points, such as stage
and fatality, indicate fairly satisfactory progress for the
intervention trial so far. Active steps are taken to im-
prove compliance of screen positive subjects with
confirmatory examination in subsequent rounds of
intervention in this study.
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Abstract

Background

Areca nut is the fourth most commonly used psychoactive
substance in the world after caffeine, alcohol and nicotine. Its
use is considered a benign and socially acceptable habit
among most Indians. Like tobacco, chewing areca nut also
leads to oral and oropharyngeal cancers. Chewing of these
substances usually starts early in life leading to a multitude of
problems in adulthood. This study was conducted among high
school students to determine the prevalence and to assess
awareness of health hazards associated with these
substances.

Method

This cross sectional study was carried out in Vantamuri village,
South India. All consenting school children of 7", 8" and 9"
class were interviewed individually using a pretested
questionnaire about their chewing habits. This was followed
by a thorough oral cavity examination for all

Results

Out of 392 participants 62.5% were boys. Mean age of all
participants was 14.8 + 1.13 years. The prevalence of areca
nut usage among boys and girls was 27.3% and 6.1% while it
was 2.4% for gutka {contains tobacco) amongst boys
Majority of students started chewing between 13 and 14
years. About 49% of users were chewing these substances
regularly for more than a year. Addictive tendencies were
seen in two users. 43% of users chewed the same product
used by their family members (P<0.025). 13 4% of chewers

C{:}"?

were from divorced or separated parents (P<0.005).

- About 3/4" of the participants were ignorant of

associated health hazards or thought these substances to
be harmless. Black staining of teeth was seen in 39.5% of
areca nut users (P=0.001). One case of submucous fibrosis

| was |dentift$-d among an arecanut chewer.

Conclusion

Awareness level of health hazards was poor among the
students. Health education against these substances at an
early age may help in curbing this problem.

Key Words
Arecanut, Gutka, children, Awareness, Cross sectional
study, India

Background

Globally, arecanut is among the most common addictions
following tobacco, alcohol and caffeine.’ India is the
largest producer and consumer of arecanut in the world ?
Arecanut chewing is considered a benign and socially
acceptable habit among most Indians.’? Its chronic use
contributes significantly to the high incidence of oral and
oropharyngeal cancer in India. Apart from the
carcinogenic potential, arecanut has been shown to be
addictive and development of typical dependence
symptoms associated with its usage has been described. *
Acute effects of arecanut chewing include asthma
exacerbation, hypertension, and tachycardia.”” The other
adverse health effects include oral leukoplakia,
submucous fibrosis and gum disease.®’ What is
considered benign arecanut use can act as a gateway to
tobacco use also very early in life.”

Tobacco along with arecanut, slaked lime, catechu and
condiments makes gutka. Aggressive advertising and
marketing of gutka in small attractive and inexpensive
sachets since early 1980s has greatly enhanced the sales
of these products.”’ Adverse effects of tobacco usage are
oral cancer, cardio vascular diseases, Chronic Obstructive
Pulmonary Disease to name a few.

Chewing of these products usually starts at an early age
(approximately 13 - 15 years) and by adulthood most
users are addicted to this habit. The current problem of
tobacco usage among 13 to 15 year old school going
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children in Karnataka state of South India is estimated to be most girls at their homes (77.8%). Most of the boys

49%° (84.9%) and girls (88.8%) were chewing these substances
for one or more years.

Starting the habit at a young age increases the risk of

morbidity and mortality in later life. It also significantly Most users of both arecanut and gutka were regular users
increases the risk of cancer in the population. ® and among them majority were current users (Table2).
It is known that the socio demographic predictors of tobacco Among the 67 boys who chew arecanut, 16(2 3.9%) took 1
usage are poorly understood in the society. *° or less pack during previous week, 13{19.4%) took 2-4
In this background, a cross-sectional study was conducted to packs during previous week and 9 (13.4%) took between
find out the prevalence of arecanut and gutka usage, 1-6 packs every day during previous week. Out of 9 girls
correlates of its use, reasons for chewing, awareness about its who chew arecanut, 4(44.4%) chewed 1-2 packs previous
health hazards and {o identify the associated clinically week and 2(22.2%) chewed 3-4 packs previous week. -
detectable oral lesions. : Out of 6 gutka users, 3 took 1 pack each previous week
and 2 had taken 2-3 packs each previous week. Addictive
Method tendency towards arecanut and gutka was seen one each

f among users, i

This study was done in April 20{]5 in Vantamuri village which is

one of the seventeen villages covered by PHC Vantamuri in Most students (78.5%) obtained money to buy arecanut
the field practice area of J.N.Medical College, Belgaum. The or gutka packets from their parents. The students were
village has a population of 4885 and it comes in Belgaum asked  whether their parents knew of their chewing
district. The district is situated in north of Karnataka state of habits. Forty (50.6%) parents/guardians were reported to
South India with a literacy rate of 64.42%. " The village has be unaware that their children were consuming arecanut
two government high schools and one private high school. or gutka. Out of the remaining 39 parents/guardians who
After taking consent from school authorities and guardians, all knew, 84.6% of them ignored the habit according to the
students of 7", 8" and 9™ class (352) of all the three schools respondents. Out of the 79 children who chew either
present on the days of examination were included in the arecanut or gutka, 34 (43.0%) consumed the same
study. The prevalent forms of substances used among the product as their family members (P=0.025). Among the 79
students of this place were arecanut and gutka. consumers, 11(13.9%) were from divorced or sepearted

parents (P=0.005). About three fourth students did not
Each student was interviewed individually using a pretested know the harmful effects of these products or were under

questionnaire about their chewing habits, age of initiation, the impression that it was harmless (Table 3).

frequency of use, source of information about the product,

reasons for use, source of money, consumption among family Most arecanut users (14.7%) felt mood elation, relief from
members, awareness about the harmful effects of the product tooth ache (6.6%), improvement in oral hygiene (3.9%)
etc. This was followed by an oral cavity examination. A brief followed by relief from nausea (1.3%) after chewing. Most
education programme followed immediately after the gutka users (66.7%) felt relieved of tooth ache followed
screening to encourage school children to quit their habits, by mood elation (33.3%) after chewing. Oral cavity
Regular users of arecanut or tobacco were defined as those examination showed 30(39.5%) out of 76 arecanut
who chewed during the past 3 months and current users were chewers and 41(13.0%) out of 316 non arecanut chewers
defined as those who chewed during the week prior to had black staining of teeth and this difference was found
interview. The data was entered in MS Excel and was analyzed to be statistically significant (x’=29, P= 0.001) (Table 4).
using SPSS Inc. lllinois, USA version 11.0. Test of significance Oral Submucous Fibrosis (OSMF) was seen in a boy who
was by Chi Square test. was chewing arecanut everyday for more than 4 years.
Results Discussion

Out of the total 392 student participants, 245(62.5%) were Total prevalence of arecanut usage among study

boys. Mean age of all the students was 14.8 years (SD =1.13). participants was found to be almost one in every five

Total prevalence of arecanut usage among study participants children however this study was limited to one village and
was found to be 19.4%. The prevalence of gutka usage was may not be generalisable. Nonetheless the data are

low (1.5%) and it was 2.4% among boys and nil among girls comparable to data from Delhi where 21.3% were
(Tablel). None of students reported using tobacco in any reported to be chewing arecanut.” However the

other forms. Age of starting the habit in majority of arecanut proportions were much lower than those in other studies
users (34.7%) was 13yrs and majority of gutka users (66.7%) from the Mariana Islands and in Karachi. * ** The total

was 13 to 14yrs, prevalence of gutka usage of 1.5% in our study was also

much lower than in several other studies % ** 1% 16.17
Majority of the boys (65.75%) first came to know about these
substances from their friends while most girls (66.7%) came to Age of starting the habit among most arecanut users
know about it from their family members. Most boys (44.3%) (34.7%) was 13yrs and most gutka users (66.7%) was 13 to
preferred to chew arecanut or gutka at market place while 14yrs.
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The first source of information about arecanut or gutka for
majority of boys in this study was friends while for girls it was
family members. The role of family members and friends
influencing the chewing practices of arecanut and gutka in

children was supported by several other studies. > '*
16.18.19.20

In our study the most preferred place for consuming these
substances was market place. These places are favourite spots
for students as chewing here ensures no fear of being caught
by parents or teachers. '* ** The next most preferred place was
at home. In our study majority of students (48.8%) were
consuming these substances for more than a year. Out of the
total students taking arecanut or gutka the majority were
current users. Compared to other studies the duration and
quantity of consumption of arecanut and gutka was less in our
study indicating that substance abuse was a less serious
problem in our study area. %2122 11, addictive tendency
towards arecanut which was 1.3% in our study was
comparable to findings of Oakley et-al.” However the Karachi
study found it to be 40.3%.”

The main source of money for purchasing arecanut or gutka in
our study was family members. Friends were the source of
money only in 2.5% of cases. In Oakley et al study 44%
students purchased arecanut out of their own pocket money
and 10% from parents.? In Karachi study 84.4% of students
were using the substances with full knowledge of their

family. ! Significant numbers of children were found chewing
the same product consumed by any of their family members.

" P P % . 14, 1!
Similar observations were made in several other studies. ' **
n2

Our study also found that significant number of chewers were
families of divorced or separated parents. This was similar to
results of two studies done in Taiwan wherein students whose
parents were separated or divorced had a higher prevalence
of arecanut usage. B2 15 a New Hampshire study, poor
familial relations and low school satisfaction were found to be
the greatest risk factor for school children trying smokeless
tobacco.® Knowledge regarding health hazards of arecanut or
gutka was very poor among students in our study. Very few
knew that it leads to cancer and OSMF. In the Karachi study,
98.6% students knew that arecanut is injurious to health,
42.7% knew that it causes cancer and 3.5% knew that it
causes OSMF. * Almost half of the students in Parwal et al
study knew that gutka usage leads to oral cancer. **

Misconceptions like feeling elated, relief from tooth ache &
nausea, improvement of oral hygiene was seen in few
arecanut users. In Oakley et al study users felt arecanut gives
relief from boredom (75%), aids in concentration (53%), elates
the mood (51%) and postpones hunger {46%].9 In Gunaseelan
et al study 96% of users felt elated and relaxed after arecanut
chewing.’Misconceptions like feeling relieved of tooth ache
and feeling elated as seen among few gutka users in our study
was also seen other studies.’* ' * In addition to this gutka
users in Wardha study felt ease of abdominal complaints and
in Delhi study felt relieved of morning

motions.*

98/

Arecanut chewing was found to be significantly
associated with black staining of teeth. This was in
contrast to several other studies where in arecanut
chewing practice was found to decrease dental decay.
™ The prevalence of OSMF found in our study was
much less in comparison to 8.8% detected among
Northern Mariana high school children.® The boy
identified with this condition was chewing arecanuts
regularly for more than 4 years. Another research study
had found that this condition develops after 8.6 years of
betel quid-usage which was much earlier to our
observation. *

Conclusion
i i

Although the overall prevalence of arecanut and gutka
usage among school children in our area was not as high
as in other studies, their awareness of hazards associated
with usage of these substances was found to be very
poor. The fact that most users started chewing at a young
age, were regular users, few already developing addictive
tendencies should be a cause of concern.
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Tables

Table 1. Prevalence of arecanut and gutka (contains tobacco)

consumption among high school students.

[ Boys Girls Total(n=392)
Product | (n=245) (n=147)
No. | (P*)% | No. (P)% | No. (P)%
Arecanut | 64 | 26.1 9 6.1 73 18.6
Gutka 3 1.2 - - 3 0.8
Both 3 12 - - 3 0.8
- Total 70 | 286 9 6.1 79 20.1

P* - Prevalence

Tatile 2. Distribution of substance use according to type of

user.
Type of Arecanut Gutka | Combined
user (n=76)
(n=6) | (n=82)
Boys | Girls | Boys Total
% % % %
Regular | Current | 38 6 L 49
user user 56.7 66.7 | 833 59.8
Others | 27 2 0 29
40.3 22.2 - 354
Non 2 1 1 4
regular 3.0 111 16.7 4.9
__tier
Total 67 9 6 82
| 1000 | 1000 | 1000 [ 1000 |

Table 3. Awareness of health hazards associated with
arecanut and gutka usage.

Response Towards arecanut Towards
usage gutka usage
No. % No. %
| Don't know 206 | 525 237 | 605
Harmless 83 21.2 63 16.1 |
[ Cancer 39 9.9 42 |107
OSMF** : 1 0.2
| Other problems | 88 22.4 56 | 143

(n=392)

** Oral Submucous Fibrosis

98>

Table 4. Oral Cavity examination findings of study

participants.
Tooth Arecanut | Gutka | Both Total Total
lesions | users users | users | users non
(n=73) (n=3) | (n=3) [ (n=79) | users
{n=313)
Black 30 2 - 30 41
Stains
Cavity 3 - 1. 2 15
Yellow | 2 1 1 4 « ]
Stains ]
P=0.001.
i |
303



Areca (betel) nut chewing habit among high-school children
in the Commonwealth of the Northern Mariana Islands

(Micronesia)
Eric Oakley,' L. Demaine,' & Saman Warnakulasuriya’

Voir page 659 le résumé en frangais En la pagina 659 fiqura un resumen en espanol.

Introduction

The adverse health effects associated with areca (betel) nut
use include oral and oropharyngeal cancer, oral premalignant
lesions and conditions (oral leukoplakia and submucous fibro-
sis), pum disecasc and addicuion (/, 2). Chewing areca nut is
widespread in south Asia and in the Pacific region (3). A study
in Papua New Guinea has reported that areca nut use is highly
prevalent among adults in Melanesia (4). In Taiwan, China,
where the habit is practised widely, particularly in the aboriginal
areas (5), many reports suggest that this chewing habic starts
at a young age (6-9).

Guam, the Commonwealth of the Northern Manana
Islands (CNMI), Republic of Palau, the Federated States of
Micronesia and the Republic of the Marshall Islands belong
to the geographical area of Micronesia which covers a large
portion of the central and western Pacific Ocean. Apart from
their geographical separation from Mclanesia and Polynesia,
the Micronesians are distinct in their physical appearance. In
addirion, each island group represents a unique culture with
specific customs.

Together Guam and the CNMI form the Northern
Mariana Island chain which extends in a north=south direction

i Saipan Seventh-Day Adventist Clinic, PO Box 500168, Saipan.

¢ The Department of Oral Medicine and Pathology, WHO Collaborating Centre for Oral Cancer and Precancer, Guy's, King's & St Thomas' Dental Institute, King's College,
Denmark Mill, London SES 9RW, England Corespondence should be sent to Protessor Warnakulasuriya at this address (email: saman.warne@kcl ac uk).

fief No 05-022731

(Submirted 31 March 2005 - Final revised version rexeved: 23 June 2005 - Accepred 25 July 2005)
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between the €quator and Japan. The CNMT is an unincorpo-
rated territory of the USA and consists of 14 principal islands,
three of which arc inhabited. Saipan, 12 5 miles long and 5.

other racial groups such as Chinese, Filipinos, Japanese and
people from the Republic of Korea,

Areca nut use among the inhabitants of Guam has been
reported to be widely prevalenc (20). In Guam, areca nut (pu-
gua) chewing is an old tradition, particularly among Chamorro
peéple (the indigenous people of Guam and Saipan) (hop://
ns.gov.gu/pufpua.html). Most of the chewers in the islands sur-
rounding Micronesia use the sofy immature nu, split open and
hlled with lime (calcium hydroxide) and wrapped with piper
betel leaf. Chamorros traditionally chewed the hard marture
nut with lime with or without the leaf. The chewing habits
among adolescents in Micronesia have nog been reported. We
conducted a cross-sectional study on high-school studencs in
Saipan with the objective of describing the prevalence, corre-

Materials and methods
Sample

private high schools, al religion-based, were ex-
the study. Permission ro undertake the scudy in the
three schools was obtained fiom the school authorities. Infor-
mation about the study and consent forms were sent (o the par-

physically present in the science classroom in each school ar
the time of the visis by the research ream participated in the
study. The mean age of the high-school students was 16 years
(range 1418 years).

During 2004, the three schools were visited by a denuist
who acted as a screener and a registered dental hygienist who
administered the questionnaire to the participants. The 15.

questionnaire. Altogether
to collecr dara,

Questionnaire

Questions on demographic characteristics, areca nur use, daily
frequency of use, other ingredients mixed with nut (e.g. leaf and
lime), robacco use (snmking and/or rhewing}. age of initiation
of nur chewing, reasons for usc, social influence facrors, risk
reasons for disliking the habir were included
estionnaire. The questionnaire (available on
ped on the basis of 2 pre-

vious study undertaken on Asian schoolchildren by one of the

Bullenn of the World Health Organizanar September 2005, §3 (9)
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authors (17). The questionnaire was administered in English a5
the school classes are taughe in English, and this is che spoken
language, although many students also speak one of the other
two languages, i.c. Chamorro and Carolinian.

¢ age of initiation of areca nut use was taken as firg;
regular nut use. Patrerns of nut use were established
to the other ingredients added 1o the

age of
according

The students were seated on a school chair and lig}uing was
provided by a handheld halogen diving light. A sterile mouch
mirror was used for retraction of tissue, and where necessary
sterile packs of gauze were used. WHO criteria for the detection
of oral mucosal lesions were used (72), and mouth opening
i was measured in millim

A brief education
the screening o encour.

programme followed immediately afier
age schoolchildren ro quit their habjgs.

Data analysis
Data were entered on
butions of areca nut,

Results

Data were collected on the 309 high-school students who
participated in the study. Of cthese, 153 were male and 156
female and their mean age was 16.3 + 15 years (Table 1),
Most children were from the Chamorro tribe (n=128 41%)
and other ethnic groups included Carolinian (16%), Filipino
(14%) and Palauan (9%).
The lifestyle habits a5 shown by the percentage diser-
butions are described below. A toral of 169 students (63.4%)
imed o use areca nur regularly (Table 1). The habic was more
prevalent among male studens (73% of males versus 54% of
females). There were SOIme variations in the prevalence of chew-
ing habits in the three schools visited; the means ranged from
52.8-85.9%. Two students were chain-

often consumed with the nur. The
areca nut chewing was 12 0 years, an
the habic ar 10 y

mean age of initiation of
d 60 students had started

cais of age or younger.
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Table 1. Age, sex and characteristics with reference to tobacco, alcohol and areca nut use

Fice

. Acaholusers (%

Tobacco use was also widely prevalent among these
schoolchildren; almost a quarter of students of botli sexes
reported smoking tobacco. Tobacco chewing and/or snuff dip-
ping was practised by 17.5%. Alcohol drinking was reported by
26% of high-school students, and the habit was more prevalent
among male students (37% of males versus 15% of females).

The percentage distribution of answers on the source of
betel nut for individual consumption was examined. The ma-
jority (44%) bought areca nut out of their own pocket money.
Just over 10% reported being supplied by their parents and
there was some sharing of the nut with friends (25%). Some
students (9%) had access to the nut from home-grown trees
from which they plucked the nuts themselves.

The results from the auitude section of the survey are
shown in Table 2, which lists the reasons that users gave for
chewing betel nut. Overall, the five most common reasons given
were: craving for the nut, boredom, as an aid to concentration,
at times of unhappiness and to postpone hunger. Very few used
it to refresh their breath or to look mature and none used it
to look good.

Among non-users the reasons given for dislike of the
habit were stained tecth, offensive breath following chewing
and poor appearance due to staining of teeth. Eight out of
160 (5%) who answered the section on beliefs were aware that
areca nut could cause oral cancer and one mentioned that the
parents did not approve of chewing. Eight mentioned that the
quid burned their mouths, probably related to the addition of
lime to the nut.

A considerable number of students with associated oral
pathological lesions and conditions were noted during the
screening examination (Table 3) and a disturbing number of
children (12.9%) had oral leukoplakia. These lesions could
either be related to tobacco (smoking or chewing) or areca nut
chewing, as all students in whom leukoplakia was detected
reported indulging in both habits. A condition more speciic
1o areca nut chewing was oral submucous fibrosis with submu-
cosal banding which was found in 27 (8.8%) of schoolchildren;
nine had established features (mouth opening < 40mm) and 18
had early features of fibrosis.

Discussion

Areca nut is the fourth most commonly used substance of abuse
in the world after tobacco, alcohol and caffeine (13). Culrurally
associated health-risk behaviours, which contribute 1o mor-
bidiry and mortality in later life, often are established during
youth, extend to adulthood, are interrelated and are preventable.
In this point-prevalence study, 63% of Saipan children in high
schools were regular chewers of areca nut. In the neighbouring
Republic of Palau, the Youth Tobacco Survey of 2001 (hap://
www.cdc.gax'flohaccufglobalfgyts!rcpmls!pdfipalzu.pdﬂ re-
corded a similar prevalence of chewing among Palau’s children.

658

Compared with Taiwan, China (6, 7, 9) and Asian migrant
s_choolchild ren (117) the prevalence of areca nut chewing re-
corded in the present study in Micronesia was considerably
higher. A high proportion of chewers in Sapian also smoked
tobacco and consumed alcohol regularly.

Habituation and addiction to areca nut have been re-
ported in Papua New Guineans (4, 14) among aborigines
of Taiwan, China (/5), and among immigrants living in the
United Kingdom (16). It is likely that children who ate regular
chewers at school-leaving age will be dependent on the nut
and continue the chewing habit into their adult life, unless an
appropriate intervention is made.

It was alarming to note the development of oral mucosal
lesions in these schoolchildren, associated with the habit of
areca nut chewing and tobacco use. Betel chewers’ mucosa, oral
leukoplakia and oral submucous fibrosis are well characterized
as oral lesions caused by chronic use of this substance (7, 2,
17-19). Oral submucous fibrosis, a potenuially malignant con-
dition leading to considerable disability is specifically caused
by areca nut chewing (20). The carcinogeniciry of the nut has
been proven in experimental systems (27) and more recently
people who chew the nut have been shown to have a sig-
nificantly increased risk of oral and oropharyngeal cancer (2).
The International Agency for Research on Cancer has there-
fore re-affirmed that areca nut is carcinogenic to humans (2).
Starting the habit at a young age significantly increases the
risk of cancer in the population as many of these carcinogens

Table 2 Reasons for chewing areca nut given by high-school
students”

Ta.sie : )ik i = il .

" Do something with mouth ++ 3+ s, < A8

Custom P o o e e
Pleasure Holg 12 14 28
Snack ; VR BGS 16
Refresh breath - s e 0 =5 S
Look mature R "';;-_-_-‘0 3 E pR Rl 2
Look good .'7_'.:".‘_-,:}0 0 P -0
No replies FiL 20 4 81 105

« Multiple responses were recorded.
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Table 3. Oral lesions and conditions related to chewing
areca nut

take several decades (5 exhibit their mutagenic action. It is
important to note thar cessation of the habits can lead 1o
resolution of some oral lesions or a decrease in the severity of
oral symproms (22).

Foliow! migratjon from south Asia and the western
Pacific to both Europe and North America the habir has
remained prevalent among new setilers (17, 23). The health
consequences of areca nut chewing should therefore be recog-
nized in these migrant communities that have settled in other
parts of the world.

Ina study of cancer trends in Guam from 1971 10 1995, 3
continued high incidence of oral cancer on Guam, particularly

Special Theme ~ Oral Health
Areca nut chewing in schoolchildren

among Chamoru people was reported among habitual users of
betel nut (24). The authors concluded that it therefore seems
reasonable at least to try 1o discourage the adoption of this
habit by young e.

The big challenge therefore is to discover effective strate-
gics to motivate young children nox o initiate the habit, and (o
enable adolescent children to realise the potential health risks
of this substance. Among the opinions concerning factors thar
discouraged arcca nut use in this study group it is striking chag
substantial numbers belicved thar staining of teeth, leading 1o
poor aesthetics was a social problem among chewers. Young

adults in the ways they perceive and interacy

and it is of interest to note thar dental aesthetics wis a factor=

that discouraged them ro chew, 2 factor not suggested by studies
in older adults (25). School health education programmes in
the future should capitalize on such views of schoolchildren in
efforts to emphasize important health-related messages. M
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Résumé

Chique des noix d'arec par les éléves d'établissement d’enseignement secondaire du Commonwealth

des Mariannes du Nord (Micronésie)

Objectif Erudier Ia prévalence de I3 chique de noix d"arec chez Jes
éléves des établissements d'enseignement secondaire de Saipan
en Micronésie. L'utilisation de 1a noix d’arec est une pratique locale
en Asie méridionale et dans Je Pacifique Ouest et Sud. On reconnait
3 cette pratique certains effets graves sur la santé et I'Agence
Internationale pour la recherche sur fo cancer a récemment classg
I'usage régulier de la noix d'arec comme cancérogene pour I'étre
humain. Les données concernant cet usage chez les jeunes sont
cependant rares.

Méthodes Des données sur I consommation de noix d'arec ont
é1é recueillies 4 I'aide d'un questionnaire auto-administé. Aprés
examen de la mugueuse buccale selon les critéres de I'OMS,
toutes les pathologies détectables de cette muqueuse ont été
enregistrées.

Résultats Parmi les 309 éléves soumis 3 I'enquéte (3ge moyen
16,3 + 1,5 ans), 63,4 % ont indiqué un usage régulier, ce qui
représente la proportion |a plus élevée relevée dans une enquéte
sur une population scolaire. Les affections bucco-dentaires
importantes détectées étaient la leucoplasie orale dans 13 %
des cas et la fibrose buccale sous-muqueuse chez 8,8 % des
enfants,

Conclusions Les résultats obtenus 3 Saipan laissent 3 penser que
la chique de noix d'arec débute 3 un age précoce en Micronésie.
Compte tenu de la proportion élevée d'utilisateurs développant
une dépendance, ces résultats suscitent de fortes préoccupations

al'égard des conséquences pour la santé bucco-dentaire de cette
pratique.

Resumen

Estudio de la costumbre de mascar nuez de areca (betel) entre los escolares de secundaria de la
Mancomunidad de las Islas Marianas Septentrionales (Micronesia)

Objetivo Investigar Ia prevalencia de ese habito entre los
escolares de secundaria de Saipan, en Micronesia. f] mascado de
nuez de areca es una costumbre autéctona de Asia meridional y
el Pacifico occidental y meridional. Se sabe que ese habito tiene
algunos efectos graves en |a salud, y el Centro Internacional de
Investigaciones sobre el Cancer ha dasificado recientemente el
uso reqular de la nuez de areca como habito carcinogénico en
el ser humano. No obstante, 3 informacion disponible sobre la
frecuencia de esa practica entre los jovenes es escasa.

Métodos Los datos sobre el consumo de nuez de areca se
obtuvieron mediante un Cuestionario autoadministrado. Tras
examinar la mucosa oral utilizando criterios de la OMS, se registraba

Bulletin of the Warld Healh Orgamzation | September 2005, 83 (9)

cualquier signo detectable de enfermedad de la mucosa.
Resultados De los 309 escolares encuestados (edad media
16,3 + 1,5 arios), un 63,4% declararon consumir reqularmente
betel, lo que constituye el nivel mas alto registrado hasta |a fecha
€N Una poblacitn escolar. Como enfermedades bucodentales
importantes se detectaron leucoplasia oral en un 13% de los ninos,
y fibrosis submucosa oral en un B.8%.

Condusion £ stos resultados de Saipan indican que la costumbre
de mascar nuez de areca e inicia a edades tempranas en
Micronesia. Dado que muchos de los mascadores desarrollan
dependenicia, las posibles consecuencias para la salyd bucodental
SusCitan gran preocupacion
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Areca nut habits amongst children in Tower Hamlets,

L.ondon

Prevalence, age of onset and demographic relationships of different areca nut habits amongst children in Tower
Hamlets, London by P. Farrand, R. M. Rowe, A. Johnston, and H. Murdoch Br Dent ]12001; 190: 150-154

Objective
To examine prevalence and demographic relationships of
different areca nut habits amongst children.

Design
Self-administered questionnaire.

Subjects
Children aged between 11 and 15. Of 800 questionnaires
distributed, 704 were fully completed (88%).

Setting
Two secondary schools in the London district of Tower Hamlets.

Measures
Demographic, areca nut habits used, age first used, still using,
frequency of use.

Results

Users of any areca nut habit were exclusively from the South
Asian population. Of this population, 77% had engaged in a
habit, and dependent upon habit between 54 and 92% of these
still remained current users. The highest prevalence of current
use for boys and girls respectively was for areca nut alone (36%,
43%), followed by mistee pan (35%, 29%), betel-quid (27%,
26%) and pan masala (14%, 16%). Of the current users, 44%
engaged in one habit only, 24% two, 20% three and 13% all four.
The highest period of risk for starting to use areca nut alone,
betel-quid and mistee pan was between ages 5 and 12, whilst for
pan masala it was after 10. Boys had a significantly higher risk of

beginning use before 10 (P< .001) and a higher frequency of use
for pan masala (P< .01), areca nut alone (P< -05) and betel-quid
(P=.06) than girls. The frequency of using each habit was
between 3 and 5episodesper week, however boys use pan masala
approximately 10 times per week.

Conclusion

South Asian children may already be exparienced users of areca
nut. Greater attention shduld be directed towards ident ifying
signs of oral submucous fibrosis, oral cancer and other
potentially malignant lesions within the South Asian population.

Comment

his paper reports the outcomes of a

questionnaire investigating self-reports
of four variants of areca nut consumption in
a large sample of 704, largely Bangladeshi,
children aged 11-14 years. Areca nut con-
sumption by itself is the most common
habit, consumed by 36% of boys and 43%
of girls respectively. The consumption fre-
quency of all variants was low, ranging
from three to five weekly episodes, with the
exception of pan masala (a proprietary
form of betel-quid or paan) which was con-
sumed by boys 10 times per week.

The authors acknowledge that at these
levels of consumption there appears little
health nisk of oral sub-mucous fibrosis
from these items alone. The authors were
not able 1o collect data about the addition
of tobacco to these products. There has
been a developing concern in the UK about
the health compromising aspects of con-
sumption of gutkha which includes
tobacco — by children from South Asian

| 38

communities.! This paper helps to contex

tualise these concerns. Thirty five per cent
of boys and 29% of girls reported them-
selves as current chewers of mistee pan
(commercially prepared areca nut ‘sweets’)
which, the authors note, might also include
gutkha.

The findings demonstrate the difficulty
of understanding complex, traditional
behaviours using self-complete question-
naires. Areca nut preparation and con-
sumption in betel quid or paan has
traditionally been according to individual
preference. As this investigation reports,
proprietary variants are now being devel-
oped, packaged and sold under a range of
trade names. This leads, as the authors
recognise, o variation in terminology and
content.

Health promotion strategies are recom-
mended. This might include health educa-
tion within schools. These vyoung
consumers could be advised to read the

labels of products to find out their contents.
The value of this advice is questionable:
inadequate labelling information and inap-
propriate composition of the proprietary
vanants has been identified.? Regulations
are available to address these manufactur-
ing deficiencies.?*

Ray Croucher

Senior lecturer in Dental Public Health,

5t Bartholomew’s and the Royal london School
of Medicine and Dentistry

I R Bedi. What s gutkha. British Dental Associa-
tion News 1999, 12(4): 20,

2. R. Croucher, M. O'Farrell. Community based
Prevention of Oral Cancer: Health Promotion
Strategies relating to betal quid chewing in East
London. St Bartholomew’s and the Royal
London School of Medicine and Dentistry/
Commumity and Salaried Dental Services.
Tower Hamlets Healthcare NHS Trust, 1998.

i The Food Labelling Regulations, 1996,

4 The Tobacco Products Labelling (Safety) Regu-

lations, 1991,
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Areca nut and betel quid chewing among South Asian immigrants

to Western countries and its implications for oral cancer
screening

A Auluck, G Hislop, C Poh, L Zhang, and MP Rosin
University of British Columbia, British Columbia Cancer

' Abstract

The South Asian community is the largest and one of the fastest growing minority groups in Canada,
according to the 2006 census. These immigrants bring to Canada talents and skills that can promote
Canada’s €conomy and cultural d

iversity, but they also bring lifestyle habits that may lead to serious
health issues. Chewing areca nut

and betel quid (paan, with and without tobacco) is a known risk
factor for oral cancer. This habit i i

sales in local Indian markets and

Agency, Vancouver, BC, Canada

i
i

Keywords

betel quid/areca nut chewing; cancer screening; oral health; rural immigrants

T
Global usage of betel quid and areca nut

Globally, areca nut is among the most common a
caffeine. Its usage is very popular in India, Taiw.

settlements?~7 Awareness of this practi

relevance of oral cancer screening in this population.

i £ with tobacco can cause leukoplakia, which is also a
premalignant lesion. Use of other condiments and ingredients in betel quid can cause lichenoig

lesions8, the premalignant poteriial of which is not known.
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very young and old alike. These products have higher genotoxic and carcinogenic potential
compared with conventional quids®. Chewing of these products usually starts at an early age
(at approximately 13 to 15 years) and, by adulthood, most users are addicted to the habit!0.
Older adults are not alarmed by the fact that young children are indulging in this habit as they
consider it a part of their normal life!?. However, this practice often leads to addiction and,
once the habit is formed, it persists after immigration.

Betel quid substitutes contain both carcinogens and genotoxic agents which have role in
multistage progression of oral cancer''. Smokeless tobacco contains nitrosonornicotine and 4-
(methyInitrosaminc)-1-(3-pyridyl)-1-butanone; areca nut contains arecoline and 3-
(methylnitrosamino) propionitrile, while lime provides reactive ofygen radicals, each of which
has a role in oral carcinogenesis’. -

Chewing betel quid without tobacco is an independent risk factor for developing oral
cancer'2. When betel quid with tobacco is consumed with alcohal and smoking the relative
risk increases 11-fold!3. The risk of such interactions may be underestimated in some South
Asian communities. For example, Sikhism and Punjabi religious beliefs prohibit alcohol and
tobacco use'*; however, there are reports of alcohol'® and tobacco consumption among
them 16,

Betel quid chewing seriously affects oral and periodontal health with higher oral hygiene index
scores, increased periodontal pocket depth and bleeding causing poor oral hygiene' '8 There
is not enough evidence to suggest that poor hygiene alone in absence of habits and other risk
factors has a role in etiology of oral cancer.

It is important, however, to remember that the South Asian community is not homogenous, for
it has people from diverse cultures who have distinct beliefs and practices. The extent of areca
nut chewing varies among different religious groups and among first and second generation
immigrants. A study from Leicester, UK, reported that areca nut chewing was most common
among first generation Asian immigrants with the highest prevalence among Jains (28%) and
Muslims (23%), followed by Hindus (18%). In second generation Asian immigrants, this
practice was highest among Muslims (17%), followed by Hindus (13%) and Jains (12%)!5.

Itis interesting that the proportion of individuals chewing areca nut was reduced in generations
subsequent to immigration. However it is a concern that the traditional habit of spitting out the
contents of betel quid has also changed, and it is now being swallowed in Western countries.
This change in habit may increase the risk of hypopharyngeal and esophageal cancer!?.

Sociocultural reasons for chewing areca nut

Four factors form the foundation for the popularity of chewing areca nut and betel quid
chewing: social acceptability, religious beliefs, perceived health benefits and addiction.

Areca (betel) nut is regarded by many Indians as a fruit of divine origin. It is considered an
auspicious ingredient in Hinduism and is used along with betel leaf in religious ceremonies
and when honoring individuals. Among the followers of the Hindu religion, areca nut
(Supari) is considered a vital ingredient in the food for God (Bhagwan). In the absence of idols
and other sacred images, the fruit (whole nut without its husk) is used while offering prayers.
It is believed that God blesses the fruit which is then distributed to the followers2%2!, With the
religious and health beliefs regarding areca nut being so prevalent in many Indian cultures,
areca nut is very commonly offered at important social gatherings and weddings?'.

In addition 1o its religious connotations, areca nut is regarded by many people in South Asia

as good for health, and it is used as a traditional ayurvedic medicine. It is used as an astringent,
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Areca nut is often chewed in a betel quid and is used as a mildly euphoric stimulant because
it contains relatively high levels of psychoactive alkaloids. Chewing also increases the capacity
to work, causes a hot sensation in the body and heightens alertness. It is also used among the
poor to avoid boredom and to suppress hunger20:22,23 A study in the United Kingdom (UK)
reported that 42% of South Asian immigrants (from Bangladesh) chewed areca nut because it

Lack of awareness about areca nut as a risk factor for oral cancer

South Asian communities are generally not aware L‘hal areca nut

» although there are some case
reports from Canada, Germany, France, Australia and South Africa (Table 2). There is also a

Canadian report of a child of Indian ongin who developed oral
possibly due to carly €xposure 10 areca nut, as i
Asian community at any age26. Therefore, the practice
of oral precancerous lesions are spreading from South Asia to the Western countries
potential of becoming a major public health issue.

Oral cancer rates among South Asians in many countries such as the UK 36,37

higher than in the general population, and this may be atributable to the contin
among South Asians afier migration

and USA38 1
uation of habits

A descriptive study is in progress of oral cancer cases from the British Columbia (BC) Cancer
Registry from 1980 to 2006, and our initial results suggest that age-adjusted incidence rates
among South Asians are higher than the general Population, at 5.63 (95% CI; 2.02-9.63) for
South Asian men as compared with 4.32 (95% CI: 3.86-4.78) in the general male population
Asian women as compared with 2.73 (95%CI; 2.37-
3.08) in the general female population (authors® pers. data; 1980-2006). This translates to

South Asian men and women, respectively, as compared
with the BC general population.
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Although South Asian immigrants maintain higher rates of oral cancer as compared with the
general population, these rates are still below the oral cancer rates in their home countries (for
men, the age-adjusted incidence rate is 12.8 and for women, it is 7.5)3%. These comparisons
need 10 be interpreted with caution, however, because there are no national cancer registries
and the incidence varies among different regions/ states in India.

Our observation that oral cancer frequently occurs in the cheek and gums of South Asians
(authors’ pers. data; 2006) is also consistent with this risk behavior. This finding has been
reported elsewhere?0:41.

Implications fororal cancer screening in South Asian Immigrant comm unities

Oral cancer is commonly found in India and this elevated risk is also brought to the west by
its immigrants. A special report on Indian immigrants from census data suggests that the
majorily of immigrants from India to Canada come under family class immigration and not as
business and independent skilled labor worker class*?. Many of the Indian immigrants do not
have proficiency in either of the Canadian official languages (English and French). Immi grants
from India often choose to live on the outskirts of cities because the majority were engaged in
agricultural and manufacturing industries. Data available for South Asian immigrants to BC
showed that only 24% reported Vancouver as their intended destination, while the majority of
Indian immigrants preferred to stay in the outskirts of Surrey and Abbotsford*2. Few physicians
are aware of the habits of betel quid chewing that may be practiced among immigrants living
in rural and remote areas.

South Asian immigrants do not feel culturally safe and comfortable with visits to doctors and
dentists of a different ethnic background and communication may be limited and sometimes
ineffective®?. Culturally insensitive behavior from the healthcare provider may offend
immigrant patients, hampering healthcare delivery.

The concept of screening an otherwise healthy individual for asymptomatic disease is not a
concept well understood by many South Asian immigrants**_ In addition, those practicing
potentially harmful oral habits may be less likely to participate in oral cancer screening
initiatives; hence, special efforts may be required to reach these individuals. The screening
examination provides an excellent opportunity for education about risk behaviors, including
areca nut chewing, and interventions to help change such behaviors. Early signs of oral
submucous fibrosis include blanching of oral mucosa, rigidity and fibrosis of tissues, restricted
mouth opening and loss of cheek elasticity*® should be examined for while screening patients

in this population.

Future strategies

In some of the South Asian communities, areca nut and betel quid (paan) chewing is a routine
daily practice and an important component of social life and cultural identity. South Asians
are now one of the largest minority groups in Canada with approximately 1 262 900 people,
according to census reports*®. It is important to study risk behaviors, beliefs, knowledge levels
and oral health practices in this population. Further research is required to understand in depth
the beliefs of people as they relate to this habit; as well as to enquiring into potential barriers
and facilitators for participation in oral cancer screening, and discovering what educational
messages should be made for health promotion and education among this community. This
information is critical to developing and implementing health education programs
appropriately targeted to the needs of the South Asian community. Healthcare providers must
also be aware of these risk behaviors and alert to the presence of oral precancerous lesions,
such as oral submucous fibrosis, that are becoming important clinical findings in many Western
countries.
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Table 1
Areca nut chewing: its contents and practice
Local or common name | Content Habit as practiced
Mawa A thin shaving of areca nut wath tobaceo Before consumption, the cellophane pouches
and slaked line, sold in cellophane are rubbed to mux the contents, which are
papers kept in the mouth in the vestibule and chewed
slowly
Paan Also known as betel quid, has 4 main All ingredients are chewed slowly. The
ingredients: tobacco, areca nuts and contents with the juices are cither swallowed
shkndlmcmppcdinbuellcdhhy &t spat out of the mouth.
also card 1.coconut, cloves
and sugar
Gutkha A powdered mixture of tobacco, areca | The powder is placed in the mouth and
nut and slaked lime with spices and slowly chewed Contents are usually
flavoning agents swallowed
Paan masala A powdered mixture of dreca nut and The powder is placed in the mouth and
slaked ime with spices and flavoring slowly chewed Contents are usually
agents swallowed.
Khain Tobacco leaves mixed with hme

The dnied tobacco leaves are hand-mixed
with lime and made into a bolus that is placed
in the mouth, either in the vestibule or below

the tongue.
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Table 2
Review of cases with oral precancerous lesions among South Asian immigrants3,4,6,7,15,25 2635
Country [reference ;lnlnr] Year of study Ethnic group of patients
Canada (26-28; 1985, 1987 Indian
United Kingdom [5- 7-13.25.29-31) | 2067 3006, 1990, 2000, 1984, 2001, 2002 | Bangladeshi, Indian, Pak;
Germany 32 2006 Indian
Australia |3 3] - 1992 Inchan -
France [34) 1986 Indian
South Africa [35) 1984 Indian
usa 3:9) p 2005, 2006 Bangladeshi J |
T
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