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Abstract: Aim: To investigate the effect of smoking and alcohol intake on the association between
betel nut chewing and each metabolic abnormality.

Background: Betel nut chewing has been associated with metabolic syndrome.
Objective: Whether the association is affected by tobacco or alcohol use is not clarified so far.

Methods: The authors conducted a cross-sectional study using 6,657 military males, aged 18-50
years in eastern Taiwan in 2013-2014. Metabolic syndrome was defined according to the Internatio-
nal Diabetes Federation’s ethnic criteria for Asians. The population was classified as non-betel nut
chewers (N =5,749), current chewers with both tobacco and alcohol use (N =615), and current
chewers without tobacco and/or alcohol use (N =293). Multiple logistic regression analyses were
stepwise adjusted for the confounders including alcohol and tobacco use to determine the associa-
tion of betel chewing with the metabolic abnormalities.
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Results: As compared to the non-current chewers, the current chewers with both tobacco/alcohol
use and those without had a higher risk of metabolic syndrome (odds ratios (OR) and 95% confi-
dence intervals: 2.46 (2.00-3.02), and 2.04 (1.53-2.73), respectively) after controlling for age, ser-
vice specialty, total cholesterol levels >200 mg/dL and exercise frequency (model 1). The associa-
tion did not change much in the two chewing groups after additionally adjusting for alcohol con-
sumption (model 2) (OR: 2.49 (1.99-3.12), and 2.04 (1.52-2.73), respectively), whereas the relation-
ship reduced significantly in the chewers with both tobacco/alcohol use rather than those without af-
ter further adjusting for smoking (model 3) (OR: 2.18 (1.71-2.78) and 2.02 (1.51-2.71), respective-
ly). This was in parallel with the pattern for the association of betel nut chewing with serum triglyc-
erides >150 mg/dL in the chewers with both tobacco/alcohol use and those without in model 1
(OR: 2.90 (2.40-3.51) and 1.90 (1.45-2.49), respectively, p =0.011), in model 2 (OR: 2.82
(2.30-3.46) and 1.89 (1.44-2.49), respectively, p =0.040), and in model 3 (2.26 (1.81-2.81) and
1.87 (1.42-2.45), respectively, p =0.76).

DOI:
10.2174/1871530320999200818164616

@ CrussMurk

Conclusion: Our findings suggest that tobacco smoking but not alcohol intake could increase the
relationship of betel nut chewing with metabolic syndrome, which is likely mediated by a synergic
effect on increasing serum triglycerides levels.

Keywords: Alcohol consumption, betel nut chewing, metabolic syndrome, tobacco smoking, military males, serum triglyc-
erides levels.

1. INTRODUCTION

Areca nut, also called betel nut, is prevalent in the tropi-
cal regions of the Pacific and Southeast Asia, and parts of
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East Africa [1]. Areca nut is the seed of areca palm consist-
ing of various toxic compounds, and for instance arecoline,
one of the primary psychoactive ingredients in the nut, can
result in oral mucosa histologic changes such as submucosal
fibrosis and malignancies [2, 3]. Betel nut chewing is the
fourth most popular unhealthy habit in the world after tobac-
co, alcohol, and caffeine consumption [4]. Most of the betel
nut chewers reside in Asia [1]. However, with the increasing
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number of Asian immigrants in Europe and North America,
betel nut consumption has become a global health problem.
In sum, there are about 600 million individuals consuming
betel nut globally [2]. Two epidemiologic studies reveal that
betel nut adult chewers range between 12.2% and 16.5% of
the general population in Taiwan [3, 5] In addition, the pre-
valence of betel nut chewing in the military of Taiwan was
estimated from 20% to 25% during 2001-2004, which was
higher than that in the general population, indicating that
this toxic agent has posed more risks to the health of the mili-
tary personnel [6].

Metabolic syndrome is characterized by abdominal obesi-
ty, prehypertension, prediabetes, and dyslipidemia [7]. Previ-
ous studies have shown that metabolic syndrome is associat-
ed with a higher risk of incident diabetes, cardiovascular dis-
ease, and the related or overall mortality [8-10]. The preva-
lence of metabolic syndrome has affected approximately
20-30% of the adult individuals in most developing coun-
tries [11, 12]. Several metabolic abnormalities such as obesi-
ty and hyperglycemia related to insulin resistance by betel
nut chewing have been reported [13]. In addition, the imme-
diate impact of betel nut chewing on cardiovascular system
includes tachyarrhythmia and blood pressure elevation [14].
In Taiwan, the prevalence of diabetes and metabolic syn-
drome was 1.3-fold and 1.9-fold higher in betel nut chewers
as compared to non-chewers [15, 16].

To the best of our knowledge, more than 90% of the be-
tel nut chewers are males and would consume tobacco or al-
cohol beverages simultancously [17, 18]. Although a prior
study has revealed that the betel nut chewers with active
smoking might have a higher risk of metabolic syndrome
than those without, we noticed that the study was flawed
without an adjustment for the status of alcohol intake in the
model [19]. Tobacco smoking influences arterial blood pres-
sure, and plasma lipid and glucose metabolism [20-22], re-
sulting in an impairment of physical fitness and visceral fat
accumulations [23, 24]. However, the effect of alcohol con-
sumption on metabolic disorders is not consistent. For ins-
tance, moderate alcohol intake has been associated with low-
er blood pressure, higher high-density lipoprotein, and lower
plasma C-reactive protein in some cohort studies [25-27].
Therefore, the purpose of the study is to investigate the asso-
ciation of betel nut chewing with metabolic syndrome and re-
lated components, and clarify if alcohol intake and tobacco
smoking are modifiers for this relationship.

2. METHODS

2.1. Study Population

This study used the cardiorespiratory fitness and hospital-
ization events in armed forces (CHIEF) population in
2013-2014 [28]. There were 9,076 military participants en-
rolled in the annual health examinations of the Hualien
Armed Forces General Hospital, the only military referral
center in Hualien, Taiwan. Female participants (N =766)
were excluded for a very low prevalence of betel nut chew-
ing (1.3%) and those with missing relevant data (N =1,653)
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were further excluded, leaving a total of 6,657 male sub-
jects, with ages between 18 and 50 years, for the analysis.
The study design has been described in detail previously
[29-33]. Each participant self-reported a questionnaire for de-
mographic information and medical history including the sta-
tus of tobacco smoking, alcohol intake and betel nut chew-
ing (current versus former and never). Anthropometrics in-
cluding body height, body weight and waist circumference
were measured in standing position. Body height and body
weight were measured without wearing shoes and heavy
clothes. Body mass index (BMI) was calculated as the ratio
of weight (kilograms) to the square of height (meters). Mea-
surement of waist circumference was performed at the mid-
way between the lower rib margin and iliac crest. Arterial
blood pressures were measured once over the right upper
arm at sitting position, with a break for 15 minutes or longer
by the automatic blood pressure monitor (FT-201, Para-
ma-Tech Co Ltd, Fukuoka, Japan). Overnight fasting blood
samples were collected to measure fasting plasma glucose,
triglycerides, total cholesterol and high-density lipoprotein.
According to the status of betel nut chewing, tobacco smok-
ing, and alcohol intake, the male subjects were classified in-
to 3 groups including the non-betel nut chewers, the betel
nut chewers without tobacco and/or alcohol use, and the
chewers with both tobacco and alcohol use.

2.2. Definition of Metabolic Syndrome

Metabolic syndrome was defined according to the Inter-
national Diabetes Federation ethnic criteria for Asians, as
the presence of three or more of the following features: (1)
central obesity: waist circumference >90 cm in males; (2) el-
evated fasting serum triglycerides >150 mg/dL or on lipid-
lowering therapy; (3) decreased fasting high-density lipopro-
tein cholesterol <40 mg/dL in males or on lipid-lowering
therapy; (4) elevated systolic blood pressure >130 mmHg
and/or diastolic blood pressure >85 mmHg or on antihyper-
tensive therapy; (5) elevated fasting plasma glucose >100
mg/dL or on antidiabetic therapy [11]. This definition is in
line with the modified NCEP ATP III definition [34].

2.3. Data Analysis

Continuous variables and categorical variables were ex-
pressed as mean with standard deviation and number (per-
centage), respectively. Independent two-sample t-test and
chi-square test were used to examine differences in continu-
ous variables and categorical variables between groups, re-
spectively. Multiple logistic regressions were used to deter-
mine the association of betel nut chewing status with
metabolic syndrome and its components. Cochran-Armitage
test was used to examine the linear trend. In model 1, age,
service specialty, total cholesterol levels >200 mg/dL and ex-
ercise frequency were adjusted. In model 2, alcohol intake
status was additionally adjusted. In model 3, tobacco smok-
ing status was further adjusted. A value of p <0.05 was con-
sidered significant. Statistical analyses were performed with
a standard program (Statistical Package for Social Sciences,
SPSS, version 25.0).
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3. RESULTS

3.1. Subject Characteristics

The characteristics of the male subjects in each group
are shown in Table 1. In the overall cohort, there were 5,749
non-betel nut chewers (86.3%) and 908 current betel nut
chewers (13.7%). Of the betel nut chewers, 293 participants
(4.4%) did not consume tobacco and/or alcohol beverages
(22 with betel nut chewing only (0.3%), 114 with smoking
and without alcohol intake (1.7%), and 157 with alcohol in-
take and without smoking (2.4%)) and 615 participants
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(9.2%) concomitantly consumed tobacco and alcohol bever-
ages. As compared to the non-chewers, the current betel nut
chewers had a higher prevalence of metabolic abnormalities,
tobacco smoking and alcohol consumption, and lower exer-
cise frequency. However, there was a similar prevalence of
metabolic abnormalities and exercise frequency between the
betel nut chewers with both tobacco and alcohol use and the
chewers without. The prevalence of metabolic syndrome
stratified by ages is shown in Table 2. As compared to the
non-chewers, the chewers had higher metabolic syndrome
prevalence in each age category defined by approximately
10-year interval: 18-27, 28-37, and 38-50 years.

Table 1. Descriptive characteristics of the study cohort based on betel nut chewing status.

Betel Nut Chewer
(n=908)
Betel Nut Betel Nut
Characteristics N((:ln_-;l;zv;;r Without Tobacco and/or Alcohol Use With Tobacco and Alcohol Use |p-value
’ (n=293) (n=615)
Age (years old) 29.04 +5.97 29.57+5.84 28.71 £5.87 0.12
Specialty (%) - - - -
Air force 4508 (78.4) 209 (71.3) 466 (75.8) <0.01
Army 1137 (19.8) 83(28.3) 149 (24.2) -
Navy 104 (1.8) 1(0.3) 0(0.0) -
Body mass index, BMI (kg/m’)|25.04 + 3.56 26.62+4.27 26.36+4.16 <0.01
Waist circumference >90 (cm) | 1506 (26.2) 122 (41.6) 246 (40.0) <0.01
Blood pressure >130/85 mmHg| 1411 (24.5) 98 (33.4) 184 (29.9) <0.01
Total cholesterol >200 (mg/dL)| 1168 (20.3) 85(29.0) 142 (23.1) <0.01
Triglycerides >150 (mg/dL) | 1095 (19.0) 100 (34.1) 239 (38.9) <0.01
Fasting glucose >100 (mg/dL) | 859 (14.9) 61 (20.8) 116 (18.9) <0.01
HDL-C <40 (mg/dL) 1099 (19.1) 87(29.7) 181 (29.4) <0.01
Current alcohol intake 2452 (42.7) 157 (53.6) 615 (100) <0.01
Current tobacco smoking 1731 (30.1) 114 (38.9) 613 (100) -
Exercise frequency - - - -
Never or occasionally 1115 (19.4) 81 (27.8) 166 (27.0) <0.01
1-2 times / week 2265 (39.4) 101 (34.6) 206 (33.6) -
>3-5 times / week 2362 (41.1) 110 (37.7) 242 (39.4) -
Continuous variables are expressed as mean + SD and categorical variables as n (7). HDL-C, high-density lipoprotein cholesterol.
Table 2. Prevalence of metabolic syndrome stratified by age and by betel nut chewing status.
Age Non-chewers Betel Nut chewers
} } ) } Betel Without Betel with Both
Tobacco and/or Alcohol Use Tobacco and Alcohol Use
Total With Prevalence Total With Prevalence Total With Prevalence
- Subjects | MtS (%) Subjects | MtS (%) pvalue | ects | MtS (%) p-value
18 -27 2441 161 6.6 112 18 16.1 <0.01 288 41 14.2 <0.01
28 -37 2850 469 16.5 156 47 30.1 <0.01 286 104 36.4 <0.01
38-50 458 111 242 25 10 40.0 0.07 41 17 41.5 0.01
Total 5749 741 12.9 293 75 25.6 <0.01 615 162 26.3 <0.01

Abbreviations: metabolic syndrome, MetS All p-values were compared between betel nut chewers and the non-chewers groups by t-test.
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Table 3. Multiple logistic regression analysis with betel nut chewing status for metabolic syndrome.
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- - Model 1 - Model 2 - Model 3
- OR 95% CI OR 95% CI OR 95% CI
Non-chewer 1.00 - - 1.00 - 1.00
Betel nut chewer - - - - - -
Without tobacco and/or alcohol use 2.04%* 1.53-2.73 2.04%* 1.52-2.73 2.02%%* 1.51-2.71
With tobacco and alcohol use 2.46** 2.00 -3.02 2.49%* 1.99-3.12 2.18%* 1.71-2.78
P-value for trend - <0.01 - <0.01 - <0.01

Data are presented as odds ratios (OR) and 95% confidence intervals (CI) using multiple logistic regression analysis for Model 1: Adjusted for age, service specialty, total cholesterol
>200 mg/dL and exercise frequency; Model 2: Adjusted for age, service specialty, total cholesterol >200 mg/dL, exercise frequency and current alcohol intake; Model 3: Adjusted
for age, service specialty, total cholesterol >200 mg/dL, exercise frequency, current alcohol intake and tobacco smoking. Cochran-Armitage test was used to examine p-value for

trend *p-value <0.05; **p-value <0.01

Table 4. Multivariable logistic regression analysis models with betel nut chewing status for metabolic syndrome components.

- - Model 1 - Model 2 - Model 3
- OR 95% CI OR 95% CI OR 95% CI
Non-chewer 1.00 - 1.00 - 1.00 -
Betel nut chewer - - - - - -
Without tobacco and/or alcohol use - - - - - -
Waist circumference >90 cm 1.86** 1.45-2.38 1.84%** 1.43 -2.37 1.85%* 1.43 -2.37
High blood pressure >130/85 mmHg 1.38* 1.07 -1.79 1.35% 1.04 - 1.75 1.36* 1.05-1.77
Serum triglycerides >150 mg/dL 1.90%*' 1.45-2.49 1.89%* 1.44 -2.49 1.87%%* 1.42-245
Fasting glucose >100 mg/dL 1.39% 1.03 -1.88 1.41* 1.04-1.91 1.41* 1.05-1.91
Serum HDL <40 mg/dL 1.72%* 1.33-2.24 1.74%* 1.34-2.27 1.69%* 1.29-2.21
With both tobacco and alcohol use - - - - - -
Waist circumference >90 cm 1.89%* 1.58-2.26 1.92%* 1.58-2.32 1.90** 1.55-233
High blood pressure >130/85 mmHg 1.30%* 1.08 — 1.57 1.26* 1.03-1.53 1.38%* 1.12-1.71
Serum triglycerides >150 mg/dL 2.90%+' 2.40-3.51 2.82%#5 2.30-3.46 2.26%* 1.81-2.81
Fasting glucose >100 mg/dL 1.33* 1.07 - 1.66 1.38%* 1.09-1.75 1.39* 1.08 - 1.79
Serum HDL <40 mg/dL 1.75%* 1.45-2.11 1.93%x* 1.57-2.36 1.51%* 1.22-1.88
Data are presented as odds ratios (OR) and 95% confidence intervals (CI) using multiple logistic regression analysis for Model 1: Adjusted for age, service specialty, total cholesterol

>200 mg/dL and exercise frequency; Model 2: Adjusted for age, service specialty, total cholesterol 2200 mg/dL, exercise frequency and current alcohol intake; Model 3: Adjusted
for age, service specialty, total cholesterol >200 mg/dL, exercise frequency, current alcohol intake and tobacco smoking. *p <0.05; **p <0.01. 'p =0.01 and *p =0.04 for the differ-

ence in OR of serum triglycerides between the two betel chewer groups.

3.2. Multiple Logistic Regressions

The results of multiple logistic regression analyses of be-
tel nut chewing with metabolic syndrome and the compo-
nents are shown in Tables 3 and 4, respectively. Table 3
shows that as compared to the non-chewers, the betel nut
chewers with both tobacco and alcohol use and those with-
out had a higher risk of metabolic syndrome (odds ratios
(OR) and 95% confidence intervals: 2.46 (2.00-3.02), and
2.04 (1.53-2.73), respectively) after the adjustments for the
covariates in model 1. The association did not change much
in the two betel nut chewing groups after additionally adjust-
ing for alcohol consumption in model 2 (OR: 2.49
(1.99-3.12), and 2.04 (1.52-2.73), respectively), whereas the
relationship reduced significantly in the chewers with tobac-
co and alcohol use rather than those without after further ad-

justing for smoking in model 3 (OR: 2.18 (1.71-2.78) and
2.02 (1.51-2.71), respectively). All p values for trend were
significant (p <0.01) in models 1-3. This was in parallel with
the pattern for the association between betel nut chewing
and high serum triglycerides >150 mg/dL. which was the
strongest among the five metabolic abnormalities in the
chewers with both tobacco and alcohol use and those with-
out in model 1 (OR: 2.90 (2.40-3.51) and 1.90 (1.45-2.49),
respectively, p =0.011), in model 2 (OR: 2.82 (2.30-3.46)
and 1.89 (1.44-2.49), respectively, p =0.040), and in model
3 (2.26 (1.81-2.81) and 1.87 (1.42-2.45), respectively, p
=0.76) (Table 4). For the other metabolic abnormalities, the
association with betel nut chewing did not differ between
those with and those without tobacco and alcohol use in
models 1-3.
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4. DISCUSSION

Our principal findings were that betel nut chewing was
associated with a higher risk of metabolic syndrome and its
components. The betel nut chewers with both tobacco and al-
cohol use had the highest 2.5-fold increased risk of
metabolic syndrome, followed by the chewers without tobac-
co or alcohol use with a two-fold increased higher risk of
metabolic syndrome as compared to the non-chewers. In ad-
dition, betel nut chewing was also associated with each com-
ponent of metabolic syndrome. The strongest association of
betel nut chewing was with high serum triglycerides, particu-
larly for the chewers with both tobacco and alcohol use.
Notably, tobacco smoking but not alcohol intake could re-
duce the difference much in the association between the
chewers with and without tobacco and alcohol use, suggest-
ing that current tobacco smoking might be a mediator of be-
tel nut use for metabolic abnormalities.

As stated previously, many hazardous ingredients in be-
tel nut could lead to insulin resistance, blood pressure eleva-
tion and abnormal lipid profiles in the body, and thus in-
crease the risk of metabolic syndrome [13, 14]. Our study
further confirmed the relationships of betel nut consumption
with each metabolic risk factor and metabolic syndrome,
which remained significant after adjusting for potential con-
founders including physical activity, alcohol intake and to-
bacco smoking. In addition, we found that alcohol consump-
tion did not modify the betel nut association for each
metabolic risk factor. Saravanan and Pugalendi have shown
that co-administration of betel nut extracts and ethanol to
rats could increase blood glucose and lower plasma choles-
terol and triglycerides concentrations when compared to
ethanol-treated rats, despite unknown mechanisms [35].
Their finding was compatible with our results that there
might have a protective effect of betel nut against the alco-
hol toxicity on elevating plasma lipids concentrations. By
contrast, tobacco smoking has been reported with an inde-
pendent adverse effect on elevating plasma triglycerides lev-
els [36] and might have a synergic effect along with betel
nut chewing to increase the risk of metabolic syndrome.

Our study had several advantages. First, all the laborato-
ry examinations were performed in a strict manner and the
procedures were standardized. Second, this study included a
large number of participants, which may provide sufficient
power to detect differences between groups despite heteroge-
neous categorizations. Third, the degree of multicollinearity
among these unhealthy behaviors (betel nut chewing, smok-
ing, and alcohol intake) was low (variance inflation factors:
1.007-1.20) and the associations with metabolic abnormali-
ties should be reliable after stepwise adjustments (supple-
mental tables). Fourth, since the daily life schedule of mili-
tary personnel such as physical training and diet consump-
tion would be unified, many unmeasured confounders had
been controlled at baseline. In contrast, there were several
limitations to our study. First, this study used a cross-section-
al design, which restricts the causal inference between the
betel nut chewing status and metabolic abnormalities. Se-
cond, the study included only male participants and the gen-
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eralization of the results to a female population would be re-
stricted. Third, the study population was limited to military
members of Taiwan; therefore, the results might not be ap-
plied to the general public. Fourth, the amount and length of
betel nut chewing, tobacco smoking, and alcohol intake
were not quantified and thus we could not clarify the dose-re-
sponse relationships for metabolic syndrome and the compo-
nents, despite that the hazardous exposures in young adults
were relatively short.

CONCLUSION

In conclusion, our findings reconfirmed that betel nut
consumption was associated with a higher risk of metabolic
syndrome and its components, and further suggested that to-
bacco smoking but not alcohol intake might have a synergic
effect on betel nut that could increase the relationship with
metabolic syndrome, which is likely mediated by increasing
serum triglycerides levels.
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