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Abstract

Background: Areca nut, more commonly known as betel nut, is the fourth most com-
monly used addictive substance in the world. Though recent evidence suggests it may
play a role in the development of cardiovascular disease, no studies have investigated
whether betel nut use is related to subclinical atherosclerosis.

Methods: We evaluated the association between betel nut use and subclinical athero-
sclerosis in 1206 participants randomly sampled from the Health Effects of Arsenic
Longitudinal Study (HEALS). Frequency and duration of betel nut use were assessed at
baseline, and carotid IMT was measured on average 6.65 years after baseline.

Results: A positive association was observed between duration and cumulative exposure
(function of duration and frequency) of betel nut use and IMT, with above-median use for
duration (7 or more years) and cumulative exposure (30 or more quid-years) correspond-
ing to a 19.1 um [95% confidence interval (Cl): 5.3-32.8; P<0.01] and 16.8 um (95% CI: 2.9-
30.8; P<0.05) higher IMT in an adjusted model, respectively. This association was more
pronounced in men [32.8 um (95% Cl: 10.0-55.7) and 30.9 um (95% CI: 7.4-54.2)]. There
was a synergy between cigarette smoking and above-median betel use such that
the joint exposure was associated with a 42.4 um (95% Cl: 21.6-63.2; P<0.01) difference
in IMT.
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Conclusion: Betel nut use at long duration or high cumulative exposure levels is associ-
ated with subclinical atherosclerosis as manifested through carotid IMT. This effect is
especially pronounced among men and cigarette smokers.
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Key Messages

* Betel nut is an addictive substance used by more than 10% of the world’s population on a daily basis.

* We evaluated the association between betel nut use and carotid intima-media thickness in 1206 participants randomly
sampled from the Health Effects of Arsenic Longitudinal Study (HEALS).

¢ Betel nut use at long duration or high cumulative exposure levels is associated with subclinical atherosclerosis as
manifested through carotid IMT. This effect is especially pronounced among men and cigarette smokers.

Introduction

Areca nut, more commonly known as betel nut, is the
fourth most commonly used addictive substance in the
world, following caffeine, nicotine and alcohol.! A seed of
the tropical palm Areca catechu, betel nut is the major con-
stituent in a mix of slaked lime and flavourings known as
betel quid. Wrapped in a Piper-betel leaf, this combination
is chewed widely throughout Central, Southeast, and
Southern Asia, as well as in some South Pacific Islands. In
total, it is believed that roughly 600 million individuals—
or more than 10% of the world’s population—chew betel
nut on a daily basis. >’

Betel nut has been labelled by the International Agency
for Research on Cancer as a human carcinogen, with its
use having been significantly linked to precancerous oral fi-
brosis as well as cancer of the oral cavity, pharynx and oe-
sophagus.” Similar effects have been observed in the liver,
as an increased risk of both cirrhosis and hepatocellular
carcinoma has been demonstrated among users.* Beyond
carcinogenesis, recent evidence suggests that use of betel
nut may play a role in the development of such systemic
diseases as metabolic syndrome,’ hypertension,®” diabetes
mellitus,®” obesity,'” and cardiovascular disease.''~'*
With cardiovascular disease (CVD) standing as the lead-

1516 the possible role of betel

ing cause of death worldwide,
nut in its development is a significant and pressing concern.
Modifiable lifestyle factors are thought to cause the major-
ity of CVD cases, which makes identification of these risks
a crucial first step in the development of targeted preven-
tion strategies and early interventions. Several studies have
implicated long-term betel nut chewing as an independent
risk factor for CVD; however, little is known about related

pathological mechanisms. In addition, all existing studies

on this topic have included men only and, as a result, the
effect of betel nut use on women is largely unknown.
Further limiting the interpretation of prior studies, as there
is high concomitant use of cigarettes along with betel nut,
is a lack of data on whether the effect of betel nut is inde-
pendent of or synergistic with the effect of cigarette
smoking.

Carotid artery intima media thickness (IMT) is a vali-
dated surrogate marker of preclinical atherosclerosis that
has been shown to predict cardiovascular morbidity and
mortality.'”>'® Whereas many studies have sought to exam-
ine CVD risk factors in relation to carotid IMT as a mech-
anistic intermediate, none have investigated whether the
theorized cardiovascular effects of betel nut chewing might
be manifested as subclinical atherosclerosis. Here, we util-
ize carotid IMT to assess atherosclerotic change in associ-
ation with betel nut use within a subgroup of participants
in the prospective, population-based Health Effects of
Arsenic Longitudinal Study (HEALS).

Materials and Methods
Study population

The parent study, Health Effects of Arsenic Longitudinal
Study (HEALS), is an ongoing population-based prospect-
ive cohort study in Araihazar, Bangladesh.'” Briefly,
between October 2000 and May 2002, 11746 men and
women (‘original cohort’) were recruited from a well-
defined 25-km? geographical area, under the criteria that
all were married (to reduce loss to follow-up), between 18
and 75 years old and had resided in the study area for at
least 5 years. From 2006 to 2008, HEALS was expanded
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to include an additional 8287 participants (‘expansion
cohort’) following the same methodologies. The overall
response rate was 97%. Study participants underwent
baseline clinical assessment and structured interviews.

A total of 800 participants were randomly selected
from the 11224 original cohort members who provided
urine samples at baseline, as part of a previous study on
urinary arsenic and IMT.** A total of 700 participants
were randomly sampled from the 5136 participants older
than 30 years of age in the expansion cohort, as the expan-
sion cohort was, on average, younger. In total, carotid
IMT was measured for 1206 individuals, consisting of 600
from the original cohort and 606 from the expansion
cohort, and 294 participants did not complete IMT meas-
urements due to death, move, serious illness or time con-
straints. The distributions of demographic and lifestyle
variables in the study population and in the overall cohort
were very similar (data not shown). Informed consent was
obtained from study participants; study procedures were
approved bythe Ethical Committee of the Bangladesh
Medical Research Council and the Institutional Review
Boards of Columbia University and the University of
Chicago.

Assessment of betel usage

Baseline in-person interview was conducted by a trained
interviewer and included detailed enquiries on lifestyle
characteristics. 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 ex-
pansion cohort only, whether betel was chewed with jorda
(tobacco leaves). They were queried as to their use of cigar-
ettes or bidis (hand-rolled cigarettes), and also answered
questions on demographics, religion and socio-economic
measures (television and land ownership, occupation, years
of education). Clinical evaluations were conducted by local
trained physicians. The present study used baseline data
from both the original and the expansion cohorts.

Measurement of carotid IMT

Carotid IMT was measured between April 2010 and
September 2011, an average of 6.65 years after baseline
(collection of data regarding betel use). Detailed methods
for measurements of carotid IMT have been described pre-
viously.?? Briefly, the measurements were conducted using
a SonoSite MicroMaxx ultrasound machine (SonoSite,
Bothell, WA) equipped with a L38e/10-5 MHz transducer.
All carotid imaging and IMT measurements were per-
formed by a single physician who was trained and certified
to perform carotid ultrasound measurements according to

the specific ultrasound imaging and reading protocols de-
veloped, implemented and validated in the Oral Infections
and Vascular Disease Epidemiology Study (INVEST).*!
The use of this strict INVEST protocol has minimized the
variability of scanning due to technical settings and led to a
50% reduction in the standard deviations of IMT values,
with both intra- and inter-reader variability >0.94. IMT
analyzed offline with Matlab
(Mathworks, Natick, MA), which automatically calculated
the distances between boundaries and expressed the results

measurements were

as the mean and maximal values. In accordance with the
Mannheim consensus, we used the mean of the near and
far walls of the maximum common carotid artery IMT
from both sides of the neck (mean of four measurements)
as the main outcome variable, similar to previous
studies.”””** Although IMT values are typically presented
in units of tenths of a millimetre, we present our data here
in thousandths of a millimetre to better illustrate effect
sizes of smaller magnitudes, as well as to remain consistent
with our previous studies.?’

Statistical analyses

Descriptive analyses were conducted first to characterize
the study population in terms of demographics, smoking
status and betel use. A series of linear regression models
were constructed to analyse the association of betel use
with carotid intima-media thickness. These compared
differences in IMT between ever and never betel users;
never, low (one to three times/day) and high (four or more
times/day) frequency users; never, low (1-6 years), and
high (7 or more years) duration users; and never, low
(1-30 quid-years), and high (over 30 quid-years) total
exposure users. The total exposure variable (quid-years)
signified the product of years and frequency of use, similar
to pack-years for cigarette smoking. The delineation of
high and low users within each category was based upon
the median value of each respective metric among betel nut
users. Two models were constructed in the assessment of
each measure of betel use, with the model 1 adjusting for
age, body mass index (BMI) and sex; model 2 additionally
adjusted for education duration, baseline systolic blood
pressure and any past or current cigarette smoking. For
each model, results were computed for the overall cohort,
as well as for men and women separately. Additional mod-
els adjusting for diabetes did not yield results significantly
different from the results presented here; hence, those data
are not shown.

We also evaluated whether the effects of betel nut on
IMT differ by sex or cigarette smoking, and whether the
joint effect of betel nut use and cigarette smoking on IMT
are synergistic (positive interaction on the additive scale).
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Here, cigarette smoking was defined as ever or never,
whereas betel consumption intensity was defined as never,
low, and high. Again, low and high betel consumption was
based on the median value of 30 quid-years in users.
Interaction was tested using two cross-product terms; one
between the dummy variable for low betel nut consump-
tion and sex (or cigarette smoking), and the other between
the dummy variable for high betel nut consumption and
sex (or cigarette smoking). P-values associated with the
cross-product terms were used to judge significance of the
interaction. We also assessed differences in IMT by joint
status of cigarette smoking and levels of betel nut con-
sumption overall and by sex, with non-users of betel nut
and never smokers as the reference group. In addition, in
the expansion cohort (7 =606), we assessed whether IMT
levels differ among never users of betel nut, users of betel
nut chewed with jorda (tobacco leaves) and users of betel

nut alone. All analyses were conducted using SPSS version
20 (SPSS, Chicago, IL).

Results

Characteristics of the study population are shown in
Table 1. Higher IMT was associated with the male sex
(P<0.01), increasing age (P<0.01), higher BMI
(P=0.02) and elevated blood pressure (P <0.01). An un-
adjusted analysis showed cigarette smoking to be associ-
ated with higher IMT as ever smokers increased from
17.6% prevalence in the first IMT quartile to 54.7% in the
fourth (P <0.01). Betel nut chewing displayed a similar

trend, as current use was reported among 27%, 28.3%,
39.5% and 49.3% of those in the first through fourth
quartiles, respectively (P < 0.01).

Table 2 shows associations between a variety of betel
use metrics and IMT. Duration of use was related to IMT,
with a difference of 18.20pum (95% CIL: 4.36, 32.05;
P <0.01) comparing those using >6 years (median use
time) with non-users, adjusting for age, BMI and sex. This
association was strengthened when further adjusting
for education, baseline systolic blood pressure and ever
smoking [19.06 pm (95% CI: 5.30, 32.82; P <0.01)]. Sex-
specific analysis showed the relationship with duration of
use to persist among men [32.81 pm (95% CI: 9.95, 55.67;
P <0.01)], though not in women (P for interaction < 0.01).
Intensity of use was similarly related to increased IMT in
the overall population [16.83 um (95% CI: 2.89, 30.78;
P <0.05)] and within men [30.92um (95% CI: 7.41,
54.21; P <0.01)], though not for women [11.51pum (95%
CI: -5.91, 28.93; P =0.20)]. Neither frequency of betel use
nor ever use exhibited a relationship with IMT.

Cigarette smoking in never betel nut users was associ-
ated with a non-significant increase of 6.19 um (95% CI:
-11.11, 23.49) in IMT, and high betel nut consumption
alone was related to a non-significant increase of 3.91 um
(95% CI: -13.31, 21.12). There was evidence for a synergy
between betel nut use and smoking on IMT levels such that
smoking and high betel nut consumption (>30 quid-years)
were associated with an IMT difference of 42.39 um (95%
CI: 21.59, 63.20) relative to individuals who reported
never smoking or betel nut use. The test for interaction

Table 1. Distribution of population characteristics and betel nut use by carotid IMT quartile

Characteristics Quartile 1 Quartile 2 Quartile 3 Quartile 4
Opverall (557.5-717.5 um)  (717.5-770.0 um)  (770.0-840.0 pm)  (840.0-1242.5 pm) P
[n=1206] [n=307] [n=300] [n=299] [7=300]
Carotid IMT (um) 790.2 682.9 745.2 803.0 932.1 <0.01
Male (%) 39.0 23.5 37.0 38.8 57.0 <0.01
Age at IMT measurement (years) 45.5 39.6 43.6 46.7 52.1 <0.01
Body mass index (kg/m?) 20.0 19.5 20.1 20.2 20.1 0.02
Cigarette use (%) <0.01
Past 6.1 2.0 3.3 8.0 11.0
Current 28.5 15.6 27.3 27.8 43.7
Betel nut use (%) <0.01
Past 3.6 2.3 2.7 3.3 6.0
Current 36.0 27.0 28.3 39.5 49.3
Betel frequency among ever users (times/day) 5.2 4.3 5.2 5.4 5.6 0.04
Betel duration among ever users (years) 11.0 6.1 10.4 11.1 13.8 <0.01
Education (years) 3.0 3.3 2.9 3.1 2.8 0.46
Prior diagnosis of diabetes mellitus (%) 1.9 1.0 0.7 1.7 4.3 <0.01
Systolic blood pressure (mmHg) 117.4 112.1 115.1 118.4 124.2 <0.01
Diastolic blood pressure (mmHg) 75.5 73.5 74.0 76.3 78.3 <0.01

*Chi-square test was used for categorical variables and ANOVA for continuous variables.
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yielded a P-value for interaction equal to 0.01 (Table 3),
suggesting that the joint effect of cigarette smoking and
high level of betel nut consumption in IMT was greater
than the sum of their individual effects. This synergy was
driven by findings among men (Table 3). It should be noted
that confounding due to differences in cigarette consump-
tion were not likely to have played a role in this effect as
cigarettes per day (P=0.18), years of smoking (P=0.82)
and pack-years of cigarette smoking (P =0.82) did not dif-
fer by the levels of intensity of betel use.

In expansion cohort members (for whom we have infor-
mation on whether betel nut was chewed with jorda), we
evaluated the association between betel nut consumption
and IMT by the use of jorda. Among 606 members of the
expansion cohort, 203 (33.5%) used betel nut together
with jorda, whereas 50 (8.3%) used betel without jorda. In
linear regression, levels of IMT were non-significantly
higher in individuals who used betel nut with or without
jorda, with an estimate of 3.28 um (95% CI: —13.87,
20.43) and 6.53 um (95% CI: —20.71, 33.77), respectively,
compared with never users. We were not able to stratify
the analyses on the intensity of betel nut use and IMT by
the use of jorda due to limited sample size.

Discussion

To the best of our knowledge, we believe the present ana-
lysis to be the first describing a positive association of betel

nut with a surrogate marker of subclinical atherosclerosis
or CVD. In particular, we have shown that betel nut use at
long duration or high cumulative exposure levels is associ-
ated with higher levels of preclinical atherosclerosis. Long-
term betel nut consumption was related to a difference of
19.06 um (95% CI: 5.30, 32.82) and 32.81 um (95% CI:
9.95, 55.67) in IMT overall and among men, respectively.
Within our population, this effect was especially pro-
nounced among men and cigarette smokers. Prior literature
has shown clinically relevant differences in morbidity and
mortality corresponding to IMT increases of 8.2 to 40 um

)>72% and, more

(albeit in studies of varying design types
specifically, that a 100-um increase in IMT could relate to
a 50% increased risk of coronary heart disease (CHD).*’
Hence, the IMT difference (increase of 19.1 um) associated
with above-median betel use (7 or more years) in our popu-
lation could translate to a roughly 10% increased risk of
CHD, although more research is needed for confirmation.
Given the high prevalence of CHD, a small increase in this
subclinical marker could translate to a substantial number
of additional cases. This is especially significant as betel
use is widespread in Bangladesh, and the country is now
entering a period where prevalence of chronic disease is on
the rise, coincident with economic development.

Our findings are consistent with prior studies suggesting
a link between betel nut use and CVD. To date, all such in-
vestigations have taken place among Taiwanese men. The
first, by Yen et al., was a prospective cohort study of nearly

Table 3. Associations between joint intensity of baseline betel and tobacco consumption with intima-media thickness

Cigarette Betel Overall Men Women
smoking consumption . ] ’ ] ]
status intensity n Effect estimate (95% CI)* Effect estimate (95% CI) n Effect estimate (95% CI)
Never No 530 Reference 101 Reference 429 Reference
Never Low*® 121 —7.54 (-24.38,9.30) 6 —40.35(-114.21,33.51) 115 —2.63(—19.22,13.96)
Never High? 136 3.91 (-13.31,21.12) 12 —-16.74(-70.59, 37.12) 124 13.18 (—5.10, 31.45)
Ever No 199 6.19 (—11.11,23.49) 186 5.98 (—16.59, 28.55) 13 29.76 (—13.05, 72.56)
Ever Low 114 7.90 (—11.68,27.48) 93 6.39 (—20.06, 32.85) 21 6.74 (—28.18,41.66)
Ever High 104 42.39 (21.59, 63.20)* 72 48.09 (17.98, 78.20)* 32 22.12 (-8.45, 52.70)
P for interaction between 0.47 0.30 0.47

smoking and low level

consumption
P for interaction between 0.01 0.05 0.43

smoking and high level

consumption

?Adjusted for age, BMI, sex, education duration and baseline systolic blood pressure.

PIncomplete data on betel consumption intensity for 2 participants.
“Defined as median intensity or below (1-30 quid-years).

9Defined as above median intensity (>30 quid-years).

*P <0.01.
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75000 men taking part in a community-based screening
programme with 3 years of follow-up. In a final model ad-
justed for age, education, smoking status, dietary intakes
and a number of additional confounders, ever chewers
were at a 24% higher risk of CVD (P <0.01). Further-
more, a
observed (P <0.05)."* A study by Lin et al. set mortality
rather than disease incidence as the primary endpoint, uti-

significant dose-response relationship was

lizing over 56 000 men pooled from four nationwide health
screen centres. The hazard ratio for CVD mortality was
1.56 (95% CI: 1.02, 2.38) and 2.02 (95% CI: 1.31, 3.13)
comparing former betel nut chewers and current chewers
with never chewers, respectively.'" Lastly, a hospital-based
case-control study by Tsai ef al. in 2012 demonstrated a
3.5-fold increased risk of obstructive coronary artery dis-
ease among men who had ever been betel nut chewers.'*

We found that the effects of high betel nut consumption
on IMT may be greater in men and smokers. For both dur-
ation of betel use and cumulative exposure, there was a
highly significant association with IMT in men, though not
women. All existing studies on CVD risk are restricted to
men, likely reflecting the fact that betel nut was mostly
used by men and rarely by women among Taiwanese.’”
This stands in contrast to our study population, as the
prevalence of betel nut use was similar by sex (38.4% of
men and 32.5% women). The observation of a synergistic
effect between cigarette smoking and betel nut use in IMT
may explain the sex difference, as 64.0% of men and only
14.4% of women were ever smokers in our study popula-
tion. This finding, therefore, may also have important pub-
lic health implications in that cessation of smoking or betel
nut use may lead to a greater than expected reduction in
IMT and possibly subsequent CVD morbidity and mortal-
ity. As smokers were also more likely to use betel nut in
other populations,'"'* future interventions may consider
targeting men or smokers if findings from the present study
are confirmed.

Many of the detrimental effects of betel nut chewing
could explain its association with CVD and the athero-
sclerotic changes observed here. Betel nut use activates the
sympathetic nervous system, triggering release of adrenal
catecholamines that cause vasoconstriction along with ele-
vated heart rate and blood pressure."**! Second, betel nut
contains four arecal alkaloids (primarily arecoline, along
with arecaidine, guvacine and guvacoline), which have
been associated with both short-term hypoglycaemia and
eventual development of diabetes mellitus. This effect is
thought to be due to adrenal alkaloids inhibiting at the
y-aminobutyric acid (GABA) receptor, thereby blocking
GABA’s inhibitory effects on glucagon and somatotropin.
A resultant elevation in glucagon secretion increases appe-
tite and glucose intolerance, leaving the individual more

susceptible to developing diabetes mellitus.">*®!"-*> Third,
betel nut chewing is associated with periodontal infection,
which might increase the risk of CVD through a variety
of mechanisms such as the development of a chronic
low-grade inflammation in response to infection.*'*373°
Fourth, betel nut use increases oxidative stress, a potent in-
ductor of endothelial dysfunction and significant influence
in the development of atherosclerotic plaque.®®>”

Strengths of our study include its large, population-
based sample size as well as use of standardized IMT
protocols. Additionally, only 3% of the study population
reported use of prescription drugs at baseline, removing a
potential cofounder. Limitations include the time gap be-
tween questionnaire administration to assess betel habits
(during baseline enrolment periods: 2000-02 or 2006-08)
and IMT measurement (2010-11). Because duration and
intensity of betel use were not assessed during biennial fol-
low-up, we could not evaluate effect of betel nut use closer
to the time when carotid IMT was measured. However,
data on ever and never status available biennially indicated
that cigarette and betel habits were stable between baseline
enrolment and IMT measurement (incidence of
smoking = 0.3 per 100 person-years and incidence of betel
use =2.7 per 100 person-years during the study period).
Given atherosclerosis is a lifelong process that develops
over a long period of time due to both past and persistent
factors, our findings that betel nut use at baseline was asso-
ciated with IMT measured an average of 6.65 years later
indicate that high intensity of betel nut use in the past is
positively related to subsequent IMT levels. Such a rela-
tionship between distant exposure to cardiovascular risk
factors and subsequent atherosclerotic processes is also evi-
dent in several prior studies showing childhood CVD risk
factors were related to increased IMT later in life.*®>?
Nevertheless, future studies are needed to fully elucidate a
cause-effect relationship between betel use and IMT, as
well as to assess whether the effect of betel nut on cIMT
differs at different stages of life. It should also be noted
that it is unlikely that subjects with high levels of betel nut
consumption and IMT were preferentially included in this
study (a necessary condition for a bias) as the distributions
of demographic, lifestyle and diet patterns in the study
population and in the overall cohort were very similar
(data not shown).

Though we did not possess comprehensive data on con-
current use of chewing or smokeless tobacco as a compo-
nent of betel quid, we do not believe this would have
altered the interpretation of our findings given that existing
studies on the association between chewing tobacco and
CVD have been inconclusive, and none have shown a sig-
nificant effect on carotid IMT.**~** Metrics such as choles-
terol and waist-hip ratio measurements also could not be
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included in this analysis as those data were not collected.
However, because there is no conclusive evidence of an
association between betel use and low-density lipoprotein
(LDL) or high-density lipoprotein (HDL),** we do not be-
lieve that inclusion of these variables would have signifi-
cantly impacted on our results. Certain characteristics of
this rural study population limit generalizability, as the
population possessed a mean age of 45.5 years at time of
IMT measurement and a mean BMI of 20.0 kg/m”. This
relatively young age of our participants may obscure the
effects of cumulative betel exposure as overall average dur-
ation of use was, necessarily, shorter; it may also explain
the lack of significance between ever and never users in our
population as well as between high- and low-frequency
users. Lastly, though all participants were married, we
believe this would not significantly bias our findings, as
marriage is nearly universal in rural Bangladesh.

In conclusion, we found that betel nut use at long dur-
ation or high cumulative exposure levels is associated with
higher levels of preclinical atherosclerosis as manifested
through carotid IMT. This positive association is especially
pronounced among men and cigarette smokers. Develop-
ment of CVD is a multifactorial process often influenced
by decades of lifestyle factors and environmental expos-
ures. These findings may enhance our understanding of the
pathophysiology underlying the association between betel
and CVD, and direct future prevention or intervention
strategies to curtail this practice that has longstanding
roots throughout Southeast Asia. Our findings are of par-
ticular relevance in Bangladesh and other Asian popula-
tions, where betel nut use is prevalent and incidence of
CVD is rising.
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