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Background Betel quid is chewed by 600 million people worldwide and it has
been linked to obesity and cardiovascular disease. The purpose of
our study was to examine the prevalence and predictors of betel
quid chewing in a rural area of Bangladesh, and determine its
effects on body mass index (BMI) and blood pressure.

Methods In this population-based prospective study, we analysed data on
19 934 Bangladeshi adults. Linear and multivariate logistic regres-
sion was used to determine the socio-demographic predictors of
betel quid chewing and the effect of betel quid on change in BMI
and on systolic and diastolic blood pressure, pulse pressure, arterial
pressure, overweight or obesity, and hypertension.

Results At baseline, betel quid was chewed by 33.2% of the cohort (35.5%
of men, 31.6% of women). In a subsample in which we collected
methods of use, 17.5% chewed it without tobacco and 82.5%
chewed it with tobacco. In multivariate analysis, betel quid chewing
was associated with female sex, older age, tobacco smoking and
lower socio-economic status, as measured by fewer years of
formal education and not owning land. Betel quid was chewed
more times per day among women and older persons. At follow-up,
persons who chewed betel quid without tobacco had higher systolic
blood pressure, diastolic blood pressure and arterial pressure in
comparison with never users. After controlling for other explanatory
variables, chewing betel quid without tobacco was associated with
general hypertension [odds ratio (OR) 1.48, 95% confidence interval
(CI) 1.04–2.10] and systolic hypertension (OR 1.55, 95% CI 1.01–
2.37). We did not observe associations of betel quid chewing with
BMI or overweight.

Conclusions Betel quid chewing is likely contributing to high blood pressure in
Bangladesh, particularly among women.

Keywords Areca, obesity, hypertension, smokeless tobacco, pulse pressure,
arterial pressure
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Introduction
An estimated 600 million people worldwide, 10% of
the world’s population, chew betel quid. A mild
stimulant, betel quid contains dried or cured areca
nut, slaked lime, catechu and flavouring ingredients,
wrapped in betel leaf, with tobacco sometimes added.
It is an established cause of oral cavity and oesopha-
geal cancers, and when mixed with smokeless
tobacco, of pharyngeal cancer.1

There is evidence for the effect of betel quid on the
cardiovascular system. After chewing commences,
betel quid causes the immediate effects of vasocon-
striction, an elevated pulse rate (among all users)
and blood pressure increases (in new users only).2

Betel quid contains four arecal alkaloids (primarily
arecoline, but also arecaidine, guvacine and guvaco-
line), with arecoline causing short-term hypo-
glycaemia. The arecal alkaloids also produce
nitrosamine derivatives, which have potential diabeto-
genic and carcinogenic effects.3 Betel quid is also
a source of exposure to trace levels of some heavy
metals, some of which, such as arsenic or manganese,
may increase risk of hypertension.4–6 Betel quid
activates the sympathetic nervous system, inducing
the secretion of adrenal medullary cathecholamines.2

It appears to be related to elevated homocysteine, a
risk factor for heart disease.3,7 Betel quid chewing can
also induce periodontal disease, a known risk factor
for cardiovascular disease (CVD).8

CVDs are the leading cause of death worldwide.
The mortality rates in Bangladesh for ischaemic heart
disease and cerebrovascular disease are high and
increasing more rapidly than those seen in the West
and in other Asian countries.9 High cardiovascular
mortality is a recent phenomenon in Bangladesh,
due in part to increasing life expectancy and steep
drops in communicable disease deaths in the past sev-
eral decades. Karar and colleagues have estimated a
43000% increase in CVD and cerebrovascular disease
deaths in Bangladesh from 1986 to 2006.10 There is
also evidence that Bangladeshi migrants to the West
have high rates of CVD, as well as poor glycaemic,
lipid and blood pressure control.11–13 Possible reasons
for the high rates of CVD in Bangladesh are the
increasing prevalence of lifestyle risk factors such as
smoking and smokeless tobacco use, obesity, high in-
takes of fats and processed foods, and betel quid
chewing, as well as a lack of awareness of prevention
and treatment for heart disease.14–17

Few population-based estimates exist on the preva-
lence and determinants of betel chewing in
Bangladesh. A 2006 nationwide survey found 17.5%
of men chewed betel quid with tobacco;18 estimates
were not available on use among women.
Convenience samples of Bangladeshi migrants in the
West have yielded high rates (30–95%) of betel quid
chewing.19–21 Despite this, only a small number of
epidemiologic studies have investigated the relation
between betel quid chewing and cardiovascular

health, finding possible links to obesity, the metabolic
syndrome, type 2 diabetes mellitus and overall higher
cardiovascular mortality.2,22–31 The purpose of this
investigation was to report the use of betel quid in
a large cohort of Bangladeshi men and women and
to assess the associations of betel quid with socio-
demographic factors, body mass index (BMI) and
blood pressure.

Methods
The Health Effects of Arsenic Longitudinal Study
(HEALS) was established in Araihazar, Bangladesh,
to evaluate cancer and other health effects of
exposure to drinking water arsenic. Details of the
study have been described previously.32 During
2000–01, the study recruited 11 746 individuals
(‘original cohort’). During 2006–08, the cohort was
expanded (‘expansion cohort’), using the same
recruitment procedures, to include an additional
8287 individuals living in the study area. Inclusion
criteria, which were chosen to ensure greater stability
of residence, were being married and having lived in
the same bari (cluster of homes) for the previous
5 years. All subjects were aged 18–75 years at the
initial interview. The overall response rate was
97.5%. Follow-up data are collected every 2 years.

After obtaining verbal informed consent, data were
collected by standardized in-person interview by
trained interviewers. At baseline, participants were
asked about their present and past use of betel quid,
the number of times per day betel was chewed, the
duration of betel use and in the expansion cohort only,
and whether betel was chewed with jorda (tobacco
leaves). They were queried as to their use of cigarettes
or bidis (hand-rolled cigarettes), as well as questions
on demographics, religion and socio-economic meas-
ures (television and land ownership, occupation, years
of education). Diets were assessed using a food fre-
quency questionnaire.33 Clinical evaluations were
done by local trained physicians. As their use has di-
minished in the study area, the use of guul (creamy
snuff) and hukka (pipe smoking) was collected in the
original cohort only. The present study used baseline
data from both the original and expansion cohorts,
totalling 20 033 individuals. Of this group, we
excluded six participants who did not answer the
question on betel quid chewing, 12 persons with un-
likely blood pressure measurements (systolic recorded
as lower than diastolic) and 88 expansion cohort par-
ticipants who did not complete the food frequency
questionnaire, yielding a final sample size of 19 934.

Cross-sectional studies in the literature have
suggested a transient effect on blood pressure from
smoking cigarettes, while the effect from smokeless
tobacco is less evident.34,35 In order to discern the
independent effect of betel quid separate from
tobacco, the analysis of health outcomes at follow-up
was limited to the expansion cohort, because only
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those participants were asked whether they chewed
betel quid with or without tobacco. At follow-up,
357 expansion cohort participants were unavailable
for interview. Of these, 53 died, 139 migrated out
of the study area, 116 were temporarily travelling,
3 were sick or hospitalized and 46 were not available
for other reasons. An additional 31 people refused the
follow-up clinical interview. Thus, follow-up analyses
were based upon 7792 persons from the expansion
cohort with data collected by May 2010.

At each follow-up, participants were examined by
local trained physicians. Clinical evaluations recorded
information on, among other factors, height, weight,
blood pressure, hypertensive medication use (expan-
sion cohort only), and problems with gums. We did
not collect information on abdominal obesity; how-
ever, it is expected to be low in our population.36,37

In the expansion cohort, the ALPK2 Aneroid
Sphygmomanometer was used at all time points for
blood pressure measurement. Measurements were
taken with participants in a seated position after
5 min of rest, with the cuff around the upper left
arm, in accordance with recommended guidelines.
To reduce false positive measurements of high blood
pressure due to the transient stress response to
medical professionals (‘white coat hypertension’),
two additional measurements were taken after
2–3 min of rest for respondents found to have systolic
blood pressure of 5140 mmHg or diastolic blood
pressure of 590 mmHg at the first measurement,
and the measurement with the lowest blood pressure
was recorded.

A reliability study of blood pressure measurements
was conducted in 61 subjects. Three measurements
were taken regardless of blood pressure levels at the
first measurement. We computed intraclass correl-
ation coefficients for systolic and diastolic blood
pressure separately. The reliability of blood pressure
measurement was good, with all intraclass correlation
coefficients between 0.92 and 0.94. The absolute
differences among measurements were 0.9–2.0 and
0.7–2.8 mmHg for systolic and diastolic blood pres-
sure, respectively.

The HEALS study was approved by the Ethical
Committee of the Bangladesh Medical Research
Council and the Institutional Review Boards at
Columbia University and the University of Chicago.

Statistical analyses
We first conducted descriptive analyses to compare
current, past or never betel use by socio-demographic
and health variables. P-values were computed using
chi-squared tests or analysis of variance. Multivariate
logistic regression was used to ascertain the relation
between socio-demographics and ever betel quid
chewing compared to never users. We described the
frequency of betel use and examined associations be-
tween cigarette and betel use.

We calculated BMI as [weight in kilograms/(height
in metres)2] and defined overweight as BMI 25 to
<30 and obesity as BMI5 30; because of the small
proportion of obese participants, we combined these
groups in regression analyses. Using follow-up meas-
urements, we examined the relationship between
betel quid and blood pressure and BMI using multi-
variate linear and logistic regression analyses.
We defined systolic hypertension as 5140 mmHg,
diastolic hypertension as 590 mmHg, and general
hypertension as systolic and/or diastolic hypertension.
We examined pulse pressure, defined as the difference
between systolic and diastolic blood pressure and
arterial pressure, calculated as [1/3 (SBPþ 2�DBP)].
These measures have been used in other studies of
vascular health.38 Analyses controlled for baseline
age, sex, BMI, educational attainment, occupation,
religion, marital status, land ownership, change in
weight over the follow-up period, the use of hyper-
tensive medications at follow-up, pack-years of
cigarette/bidi smoking, baseline blood pressure,
diabetes at baseline, and daily consumption of
meats (grams per day/kilogram body weight), vege-
tables (grams per day/kilogram body weight) and
fruits (grams per day/kilogram body weight). We did
not adjust for hukka or guul use because data on these
substances were not available for the expansion
cohort. We further conducted stratified analysis
by sex.

Results
Overall, 33.2% of the study population chewed betel
quid at the time of baseline interview and an add-
itional 1.7% had chewed it in the past. There was
a slightly higher prevalence in men than women
(Table 1). Among persons asked whether they
chewed betel quid with tobacco, 82.5% chewed it
with tobacco whereas 17.5% chewed it without to-
bacco. When queried as to the length of use, betel
quid users reported having chewed it for an average
of 10.7 years (SD 9.8; median 7 years).

In multivariate logistic regression analyses, ever
betel quid chewing was more common in women,
older adults, those with no formal education, those
employed in business, tobacco smokers and persons
who did not own land. We conducted a sensitivity
analysis of the predictors of betel quid use comparing
participants who chewed betel quid with tobacco
to persons who chewed it without tobacco (data not
shown). Compared with the group who chewed betel
quid without tobacco, we observed slightly stronger
associations with cigarette/bidi smoking, older age
and not owning land among persons who chewed it
with tobacco.

On average, betel quid was chewed 5.2 (SD 3.9;
median 4) times per day. Daily chewing frequency
was higher among persons who chewed it with
tobacco (mean 5.6, SD 3.9) than persons who
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Table 1 Prevalence of betel quid chewinga and multivariate logistic regression of relationship between ever
betel quid use and socio-demographic factors (n¼ 19 934)

Percent who used betel quid

Adjusted OR for ever
betel quid use (95% CI)c

Current users
(n¼ 6615)

Former users
(n¼ 343) P-valueb

Sex <0.0001

Male 35.5 2.9 Referent

Female 31.6 0.9 2.76 (2.25–3.38)

Age (years) <0.0001

18–29 7.6 0.3 Referent

30–39 27.4 1.3 4.44 (3.96–4.98)

40–49 52.1 2.0 12.00 (10.65–13.51)

450 63.0 4.8 21.68 (18.86–24.93)

Marital status <0.0001

Married 32.6 1.7 Referent

Divorced/separated/widowed 57.6 2.7 1.03 (0.83–1.29)

Education <0.0001

No formal 42.5 1.9 2.00 (1.81–2.20)

1–5 years 30.8 1.7 1.65 (1.49–1.82)

56 years 20.4 1.5 Referent

Occupation <0.0001

Farmer 43.7 3.3 Referent

Business 44.3 3.7 1.49 (1.27–1.74)

Daily labourer 22.2 2.2 1.01 (0.81–1.26)

Factory 40.1 2.9 0.78 (0.66–0.93)

Homemakerd 50.7 5.9 1.05 (0.83–1.31)

Others 31.4 0.9 1.13 (0.95–1.34)

Unemployed 32.8 1.8 1.06 (0.80–1.40)

Religion 0.0003

Muslim 33.0 1.7 Referent

Hindu/othere 37.5 2.8 1.08 (0.93–1.27)

Land ownership 0.06

Yes 32.4 1.7 Referent

No 33.9 1.8 1.15 (1.07–1.24)

Television ownership 0.1

Yes 32.7 1.6 Referent

No 33.5 1.8 0.95 (0.89–1.03)

Smoking pack-years <0.0001

None 26.5 0.9 Referent

45 45.9 2.4 3.31 (2.88–3.80)

45–10 42.2 3.5 2.63 (2.26–3.06)

410–15 49.9 2.2 2.90 (2.45–3.43)

415–20 47.7 3.3 2.30 (1.89–2.79)

520 50.5 6.1 2.45 (2.09–2.86)

aBetel quid users include persons who chew betel with or without tobacco.
bP-values computed by chi-square.
cAll odds ratios control for all other variables in the table.
dOf women (93.1%) identified their occupation as homemaker.
eOther religions were reported by six participants (<0.05%).
OR, odds ratio; 95% CI, 95% confidence interval.
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chewed betel quid without tobacco (mean 3.8, SD
2.3), a pattern seen regardless of sex, age or
smoking status. In general, betel quid was chewed
more times per day among women in compari-
son with men and among persons aged 540 years
in comparison with those < 40 years (Table 2).
Frequency of betel quid consumption was highest
among never smokers and persons who had quit
smoking tobacco. We did not observe differences in
frequency of betel quid chewing by land ownership or
religion.

Table 3 describes baseline health characteristics
according to betel quid use. Former betel quid

users had higher blood pressure measurements than
persons in other groups. Persons who chewed betel
quid without tobacco had higher blood pressure
values than persons who chewed betel quid with
tobacco. Weight and BMI were highest among never
betel quid users. Systolic, diastolic and general hyper-
tension were most frequent among former betel quid
users and people who chewed betel quid without
tobacco.

At follow-up, the prevalence of general hypertension
was 9.3% (9.7% among males, 9.0% among females).
Of those with hypertension, 36.2% had been previ-
ously diagnosed. Hypertensive medications were

Table 2 The frequency of betel quid chewing per day at baseline, by selected characteristicsa

Frequency per day of betel quid chewing

41 2 3 4–5 6–7 58 P-value

All participants 4.4 10.7 25.2 27.4 12.6 19.7

Type of betel quidb <0.0001

Chewed without tobacco 6.5 17.0 38.6 25.4 5.1 7.4

Chewed with tobacco 2.6 5.8 20.4 28.0 17.0 26.2

Sex <0.0001

Male 7.1 16.2 24.1 24.0 9.8 18.9

Female 2.3 6.4 26.2 30.1 14.7 20.3

Age (years) <0.0001

18–29 8.2 16.9 29.3 26.5 8.2 10.8

30–39 6.4 13.0 26.2 28.3 11.3 14.9

40–49 3.6 9.3 25.3 27.8 12.0 22.2

450 2.7 9.0 23.6 26.3 15.7 22.7

Smoking, ever <0.0001

Current 8.3 19.5 28.2 24.3 8.1 11.6

Past 1.8 4.6 17.6 28.9 16.4 30.8

Never 2.7 6.9 25.5 28.9 14.2 21.7

Smoking (pack-years) <0.0001

None 2.7 6.9 25.5 29.0 14.2 21.7

1–5 6.9 13.6 25.7 27.9 11.2 14.7

6–10 5.8 16.1 25.3 27.4 10.0 15.5

11–15 7.9 16.4 27.1 22.8 7.7 18.0

16–20 6.4 16.4 26.7 27.9 9.4 13.3

520 5.2 14.9 22.4 21.7 12.9 22.9

Land ownership 0.4

Yes 4.7 11.0 25.4 26.4 12.4 20.1

No 4.1 10.3 25.1 28.4 12.8 19.3

Religion 0.9

Muslim 4.4 10.7 25.4 27.5 12.6 19.5

Hindu/Otherc 4.6 11.0 23.9 25.9 12.4 22.2

aAmong current betel quid chewers only (N¼ 6615), including persons who chew betel quid with or without tobacco. P-values
computed by chi-square.
bAmong expansion cohort participants only.
cOther religions were reported by 6 participants (<0.05%).
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Table 4 Multivariate regression analysis of health measures at follow-upa

Health measure

Current user,
betel chewed

without tobacco
(n¼ 409)

Current user,
betel chewed
with tobacco

(n¼ 1931)
Former betel
user (n¼ 63)

b (SE) P-value b (SE) P-value b (SE) P-value

BMI (kg/m2) 0.001 (0.08) 0.9 �0.06 (0.04) 0.2 0.02 (0.18) 0.9

Systolic blood pressure (mmHg)b 1.39 (0.62) 0.03 0.24 (0.36) 0.5 0.17 (1.48) 0.9

Diastolic blood pressure (mmHg)b 1.15 (0.45) 0.01 �0.16 (0.26) 0.6 �0.22 (1.08) 0.8

Pulse pressure (mmHg)b 0.35 (0.47) 0.5 0.26 (0.27) 0.3 0.9 (1.11) 0.4

Arterial pressure (mmHg)b 1.23 (0.47) 0.009 0.03 (0.27) 0.9 �0.06 (1.11) 0.9

Health measure OR (95% CI) OR (95% CI) OR (95% CI)

Overweight or obese (BMI525) 0.60 (0.32–1.11) 0.88 (0.61–1.28) 1.27 (0.29–5.50)

Systolic hypertension (5140 mmHg)b 1.55 (1.01–2.37) 1.20 (0.89–1.62) 0.94 (0.36–2.51)

Diastolic hypertension (590 mmHg)b 1.32 (0.89–1.96) 0.98 (0.75–1.30) 1.01 (0.39–2.65)

General hypertension (systolic5 140 mmHg
and/or diastolic5 90 mmHg)b

1.48 (1.04–2.10) 1.05 (0.82–1.35) 1.02 (0.44–2.35)

High pulse pressure (555 mmHg)b 1.43 (0.91–2.24) 1.16 (0.85–1.59) 1.82 (0.79–4.16)

aAmong expansion cohort participants who completed the follow-up interview and evaluation (N¼ 7785). The top portion of
Table 4 treats the outcome variable as a continuous measure, and therefore the results shown are from a multivariate linear
regression. In the bottom portion of the table, we dichotomized the variables based on the cutoffs shown and present the resultant
logistic regression analyses. Regressions controlled for sex, baseline age, pack-years of tobacco smoking, BMI at baseline, the use of
hypertensive medications at follow-up, education, land ownership, religion, marital status, and daily intake of meats, vegetables
and fruits. Referent group is never betel users.
bRegressions also control for baseline blood pressure, change in weight over the time period and diabetes at baseline.
OR, odds ratio; 95% CI, 95% confidence interval; SE, standard error.

Table 3 Baseline health characteristics by betel quid usea

Health measure at baseline

Mean (SD) or betel quid use (%)

Current user,
betel chewed

without tobacco
(n¼ 430)

Current user,
betel chewed
with tobacco

(n¼ 2009)

Former
betel user
(n¼ 65)

Never
betel user
(n¼ 5683) P-value

Age (years) 44.7 (8.5) 44.8 (8.8) 47.6 (9.2) 33.0 (9.5) <0.0001

Height (cm) 153.4 (8.6) 153.6 (8.1) 154.9 (7.9) 154.4 (7.9) <0.0001

Weight (kg) 46.6 (9.5) 46.0 (9.0) 46.9 (9.4) 47.7 (8.6) <0.0001

BMI (kg/m2) 19.7 (3.3) 19.4 (3.2) 19.5 (3.3) 20.0 (3.2) <0.0001

Systolic blood pressure (mmHg) 124.4 (20.3) 120.3 (17.9) 129.5 (21.3) 118.5 (14.3) <0.0001

Diastolic blood pressure (mmHg) 78.6 (11.3) 76.4 (10.3) 79.5 (11.4) 75.8 (9.9) <0.0001

Pulse pressure (mmHg) 45.7 (13.1) 43.9 (11.9) 49.9 (13.2) 42.7 (9.3) <0.0001

Arterial pressure (mmHg) 93.9 (13.6) 91.0 (12.1) 96.2 (14.1) 90.0 (10.7) <0.0001

Overweight or obese (BMI5 25) 6.1 6.0 7.7 7.7 0.05

Systolic hypertension (5140 mmHg) 16.7 11.8 29.2 7.2 <0.0001

Diastolic hypertension (590 mmHg) 14.2 9.5 16.9 8.5 0.0001

General hypertension (systolic 5140 mmHg
and/or diastolic 590 mmHg)

20.5 14.9 29.2 11.0 <0.0001

High pulse pressure (555 mmHg) 17.0 13.8 30.8 8.9 <0.0001

aAmong expansion cohort participants who completed the initial clinical evaluation (N¼ 8187). P-values computed by chi-square
and ANOVA.
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taken by 4.5% of expansion cohort participants. The
prevalence of overweight was 7.7% and obesity 0.9%.

At follow-up, the use of betel without tobacco was
associated with higher systolic and diastolic blood
pressure, and higher arterial pressure (Table 4).
General hypertension and systolic hypertension were
also associated with the use of betel quid without
tobacco. Former betel quid users and persons who
chewed betel quid with tobacco did not differ
from never users in any of the health measures at
follow-up. We observed no associations between
betel quid and overweight or BMI. We did not observe
a trend for higher systolic blood pressure among
persons who chewed betel more frequently (P¼ 0.9)
or who had chewed it for a longer duration (P¼ 0.7).
Only seven participants (<0.05%) reported problems
with their gums at follow-up.

We conducted further analyses to compare male
with female participants. We observed stronger asso-
ciations among women than men of an effect of betel
quid without tobacco on blood pressure (Table 5).

Discussion
In this large population-based prospective study of
rural Bangladeshis, we observed a considerable
burden of betel quid use, with just over one-third of
participants reporting ever use in their lifetime. The
prevalence was only slightly higher among men than

women, in contrast to tobacco, which is used by many
more Bangladeshi men than women (64.0 vs 14.4% of
HEALS participants and 53.6 vs 23.8% nationally,
with women much more likely to chew tobacco
than smoke it).14,39 Although a study in Taiwan
found more frequent use of betel quid among heavy
smokers, in our population the frequency of chewing
was highest among never smokers and past smokers,
among both men and women.40 The chewing
frequency was slightly lower than that seen in a
South Indian study.41 As has been reported in other
Asian countries, we observed a strong increasing
gradient of betel quid use with older age, perhaps
signalling a generational shift towards lower betel
quid use.42 We observed much higher use of betel
quid among those with a lower socio-economic
status, indicated by a lower level of educational
attainment, no land ownership and unemployment.

In comparison with a 2006 study, which observed
that 17.5% of men chewed betel quid with tobacco,
we found that 22.5% of men chewed betel quid with
tobacco.18 Use of chewing tobacco is 1.5–3 times
higher in rural areas of Bangladesh in comparison
with urban areas,14 and it is possible that our results
may reflect slightly higher betel quid chewing in rural
areas.

The prevalence of general hypertension that we
observed, 12.7% at baseline and 9.3% at follow-up,
was similar to that seen in other Bangladeshi
studies.43,44 Hypertension rates in Bangladesh are

Table 5 Multivariate regression analysis of health measures among users of betel without tobacco, comparing male and
female participantsa

Health measure

Women (n¼ 251) Men (n¼ 158)

b (SE) P-alue b (SE) P-value

BMI (kg/m2) �0.03 (0.11) 0.8 0.04 (0.09) 0.6

Systolic blood pressure (mmHg)b 1.91 (0.82) 0.02 0.52 (0.96) 0.6

Diastolic blood pressure (mmHg)b 1.78 (0.59) 0.003 �0.03 (0.72) 0.9

Pulse pressure (mmHg)b 0.17 (0.61) 0.8 0.59 (0.74) 0.4

Arterial pressure (mmHg)b 1.82 (0.61) 0.003 0.17 (0.73) 0.8

Health measure OR (95% CI) OR (95% CI)

Overweight or obese (BMI5 25) 0.63 (0.30–1.34) 0.50 (0.15–1.67)

Systolic hypertension (5140 mmHg)b 1.81 (1.08–3.04) 1.34 (0.60–2.99)

Diastolic hypertension (590 mmHg)b 1.57 (0.97–2.56) 1.02 (0.48–2.14)

General hypertension (systolic 5140 mmHg
and/or diastolic 590 mmHg)b

1.67 (1.08–2.59) 1.36 (0.73–2.53)

High pulse pressure (555 mmHg)b 1.41 (0.80–2.51) 1.49 0.69–3.21)

aAmong expansion cohort participants who completed the follow-up interview and evaluation (N¼ 7785). The top portion of the
table treats the outcome variable as a continuous measure, and therefore the results shown are from a multivariate linear regres-
sion. In the bottom portion of the table, we dichotomized the variables based on the cutoffs shown and present the resultant
logistic regression analyses. Regressions controlled for baseline age, pack-years of tobacco smoking, BMI at baseline, the use of
hypertensive medications at follow-up, education, land ownership, religion, marital status, and daily intake of meats, vegetables
and fruits. Referent group is never betel users.
bRegressions also control for baseline blood pressure, change in weight over the time period and diabetes at baseline.
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lower than what is seen in other Asian countries.43

While urbanization and adoption of the ‘Western
lifestyle’ are increasing rates of hypertension in
many Asian countries, our population of rural
Bangladeshis ate a diet traditional to the region
(high in rice, fish, fruits and vegetables) and very
few were overweight or obese.45,46 While we did not
collect information on physical activity, the low level
of industrialization in the Araihazar area has kept
study participants employed in more traditional jobs,
many of which involve physical labour, such as la-
bourer or farmer.45

Despite the considerable global burden of betel quid
chewing, only a small number of studies have
examined its effects on cardiovascular health.22–25,47

We observed elevated systolic blood pressure, diastol-
ic blood pressure, arterial pressure and hyperten-
sion among persons who chewed betel quid without
tobacco. Although among men, b-values for betel
quid chewing were generally positive and point
estimates were generally above unity, the effect was
stronger among women. Similar to other studies,
there was no clear pattern of increased risk
with longer duration or greater frequency of use.48

We observed no increased risk of high blood pressure
among persons who chewed betel quid with
tobacco. This is consonant with other research that
has not observed a clear relationship between smoke-
less tobacco use and hypertension.34 Hypertension
was also more common among former betel quid
users.

Given the widespread use of betel quid in Asia,
a deleterious effect on cardiovascular health is of
concern. While average adult blood pressure measure-
ments are lower in Bangladesh in comparison with
other Asian nations, awareness of hypertension is
poor.16,49 Only 36% of our participants with general
hypertension had been previously diagnosed, and
<5% of all subjects were taking antihypertensive
medication. The differences in mean blood pressure
and hypertension prevalence among betel quid chew-
ers are of concern because even small changes in
blood pressure impact mortality. In a pooled analysis
of 1 million adults from 61 prospective studies, a
2-mmHg lower usual systolic blood pressure would
decrease stroke mortality by 10%.50 Increased pulse
pressure and arterial pressure has also been associated
with greater stroke mortality.50,51

Although betel quid has previously been linked to
greater risk of obesity,25–27 we did not observe such
an effect on BMI from betel quid use, with point
estimates below unity. In the HEALS population
there is a positive relationship between BMI and
socio-economic measures (including land and televi-
sion ownership, occupation and years of education),
with less educated and less wealthy individuals, who
also have higher rates of chewing betel quid, having a
greater likelihood of having a BMI < 18.5.52 Although
we have controlled for socio-economic factors in our

analysis, there is the possibility of residual confound-
ing. In addition, betel quid is believed to modulate
metabolic signals that control appetite, suppressing
hunger and thus potentially increasing the risk of
malnutrition.48 Bangladesh has high rates of malnu-
trition and low prevalence of overweight, particularly
in rural areas.53 In the HEALS population, the mean
BMI at follow-up was 20.3 and only 8.6% were
overweight or obese, while 37.7% had a BMI < 18.5.

This study has several limitations, the first of which
is that it was not designed with a focus on betel quid,
and thus we are lacking additional information on the
quantity of betel quid chewed, possible changes in
chewing frequency over time and other factors that
may be of interest. We also did not collect additional
health information such as cholesterol or physical ac-
tivity levels, which may shed additional light on betel
quid’s effects. We also did not have information on
family history of hypertension; however, the low
awareness of hypertension, both in our population
and in Bangladesh in general, suggests that there is
a strong chance that family members with hyperten-
sion would be unaware of their condition. In addition,
the large sample size of our study must be taken into
account when interpreting results. While our study is
large and population based, our sample consists of
rural, married adults and estimates of prevalence
may not be generalized to urban areas. We do not
expect the exclusion of unmarried persons to strongly
affect generalizability, as marriage is nearly universal
in Bangladesh.54

In conclusion, betel quid chewing may be contribut-
ing to the burden of vascular diseases in Bangladesh.
Its use was common in our rural Bangladeshi popu-
lation, particularly among older adults. A potential
increase in blood pressure is of concern given the
widespread use of betel quid in Asia and in migrant
communities in the West. Bangladesh is facing an
increasing burden of CVD and interventions in that
country should be designed to address this growing
health problem.
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KEY MESSAGES

� There is a considerable burden of betel quid chewing in Bangladesh.

� Betel quid chewing was associated with older age and lower socioeconomic status.

� Chewing betel quid without tobacco was related to increases in systolic and diastolic blood pressure
and to general and systolic hypertension.
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