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Abstract:

Objective: To determine the association between metabolic syndrome and alcohol consumption, including drinking
patterns and risk of harm.

Materials and Methods: A cross-sectional study was conducted on 400 participants recruited from the Outpatient Unit
of the Family Medicine Department, Faculty of Medicine, Chiang Mai University. Physical examination and blood tests
were carried out to evaluate the presence of metabolic syndrome. The drinking patterns were stratified into four levels,
which were abstinence, occasional drinking, light—-moderate drinking, and heavy drinking (>40 gm/day). The Alcohol
Use Disorders Identification Test was used to evaluate the risk of harm from alcohol consumption.

Results: The percentage of current drinkers was 27.3%, and most of them were men (87.2%). Waist circumference,
triglyceride levels, and diastolic blood pressure were significantly higher among those with a heavy drinking habit and
harmful alcohol use/dependence. High density lipoprotein cholesterol (HDL-C) showed different results. A J-shaped
association was found between HDL-C and drinking pattern, but an inverse relationship was indicated with the risk of
harm. Metabolic syndrome was found to be significantly associated with heavy drinking (OR=4.4, 95% Confidence Interval
(Cl) 1.2-15.6, p-value 0.021) and the harmful use/dependent categories (OR=5.0, 95% CI 1.1-23.1, p-value 0.039).
Conclusion: The results suggest that alcohol drinking tends to be associated with an increased risk of metabolic

syndrome. This condition should be screened regularly especially in those with heavy drinking or at-risk drinking habits.
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Introduction

Excessive alcohol intake is known to cause
extensive health problems. According to the World Health
Organization (WHO) report, about 40.0% of the world’s
population drinks alcohol excessively. Globally, the harmful
use of alcohol has been proven to cause approximately 3.3
million deaths every year (or 5.9% of all deaths worldwide),
and 5.1% of the global burden of diseases is attributable
to alcohol Consumption.1 Included in this, is metabolic
syndrome, which is a major risk factor for non-communi-
cable diseases (NCDs) such as hypertension (HTN),
diabetes mellitus (DM), and cardiovascular diseases
(CVD), which are major problems throughout the world.?

Studies regarding the association of alcohol
consumption with cardiovascular risk have found that
light-to-moderate alcohol consumption is significantly
associated with a lower incidence of cardiovascular and
all-cause mortality. J-shaped pooled curves were observed
in a study’s overall analysis.3 However, several other
studies have reported controversial results as regards
the benefits and adverse effects of drinking alcohol.*®

As for Thailand, alcohol use is a major public health
problem in all age groupsG, especially in the Northern
Region where, currently, the number of alcohol drinkers,
including those as young as 15 years of age, is the highest
in the country.”® Screening for alcohol problems on a primary
level by using the Alcohol Use Disorders ldentification
Test (AUDIT)® is recommended by the WHO to assess
the problems caused by drinking and identify the at-risk
groups in order to provide proper treatment. The
knowledge regarding the relationship of alcohol intake
with occurrence of metabolic syndrome will help in the
early prediction and planning of care for the prevention
of NCDs. The current evidence of the relationship between
the risk of harm and metabolic syndrome is scarce. Most

studies conducted on alcohol consumption patterns have
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yielded controversial results.”® Therefore, the researchers
were interested in studying both the quantity and the
level of risk assessment by AUDIT to be utilized in the
evaluation of alcohol use disorder and metabolic

syndrome.

Material and Methods

A cross-sectional study was performed. The
participants, who were above 18 years of age, had come
to the hospital either for consultation regarding general
diseases or an annual physical examination, both with
and without comorbidities, and they were recruited for
the study between December 2016 and January 2017
from the outpatient care setting of the Family Medicine
Department, Faculty of Medicine, Chiang Mai University.
The sample size was calculated based on a previous
research study by Tresserra-Rimbau et al."" using the
formula of two independent proportions (two-tailed test);
the number of samples in each group was 82. A research
study by Lerssrimongkol” at the outpatient clinic of the
Family Medicine Department of the same hospital showed
the prevalence of metabolic syndrome among healthy
Thai adults to be 24.6%, so the sample size required at
least 333 cases. The researcher recruited a total of 400
participants. All individuals enrolled in the study signed a
written informed consent before undergoing the interview,
physical examination, and blood sample collection, and
answering the questionnaires. All procedures were
approved by the Research Ethics Committee of the Faculty
of Medicine, Chiang Mai University, Thailand (No. 392/
2559).

The data were collected from completed clinical
records, and the assessments of alcohol-related problems
were carried out by trained personnel. The data were
divided into four parts. The first part consisted of personal

data like age, sex, occupation, education, income, history of
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smoking, and amount of smoking (pack-year). The second
part comprised physical examination findings such as
weight (kilogram; kg) and height (centimeter; cm) using a
digital meter to measure and calculate the body mass
index (BMI) automatically, waist circumference (WC)
measured at the navel (National Institutes of Health Multi-
ethnic Study of Atherosclerosis or NIH MESA protocol)™
using a waist tape measure, and blood pressure (BP)
measured by trained staff in the sitting position after the
patient had sat for at least 5 min. The third part consisted of
the blood test, which comprised fasting blood glucose
(FBS), high density lipoprotein cholesterol (HDL-C), total
cholesterol (TC), low density lipoprotein cholesterol (LDL-C),
and triglycerides (TG) within the last 3 months to inves-
tigate for the presence of metabolic syndrome diagnostic
criteria according to the American Heart Association/
National Heart, Lung, and Blood Institute Scientific Statement
(AHA/NHLBI) and the International Diabetic Federation
(IDF)."*™ The fourth part, the questionnaire, consisted of
questions enquiring about drinking patterns™ stratified
into four levels, which were abstinence (non-drinkers),
occasional drinking (irregular drinkers), light-to-moderate
drinking (regular drinkers who drink 10-40 gram (g)/day),
and heavy drinking (regular drinkers who drink >40 g/day).
The AUDIT was used as a tool in this study to assess the
risk of harm from alcohol consumption, which was divided
into four levels: non-drinkers, low risk (score 1-7), hazardous
risk (score 8-15), and harmful use/dependence (score
>16).” The questionnaires regarding the assessment of
dietary intake and physical activity were adapted from
those utilized/proposed by the National Statistical Office.’®"
(Supplementary Table 1)

All analyses were performed using STATA SE 12.1
for Windows. The descriptive data are displayed in terms of
percentages. The examination of the association between

alcohol consumption and metabolic syndrome indicators
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utilized the t-, chi-square, and ANOVA tests. Multivariate
logistic regression analysis models were used to calculate
the odds ratios (ORs) and the 95% confidence intervals
(Cls) for each drinking category adjusted for age, sex,
smoking, and BMI. P-values<0.05 were considered
statistically significant. Missing values were excluded from

the analysis.

Results

Of the four hundred subjects, those with metabolic
syndrome comprised 55.5% (222 subjects), and the data
were compared between patients with and those without
metabolic syndrome, as shown in Table 1. Patients with
metabolic syndrome were primarily female (59.5%), with
a higher average of BMI than those without metabolic
syndrome (p-value<0.001). The other variables were not
statistically significant.

Table 2 shows that the overall alcohol consumption
rate was 27.3% (109 of 400 subjects), with the majority
being occasional and low-risk drinkers. Younger age, male
sex, and smoking were associated with increased amounts
of drinking and more dangerous levels of risk of harm.

The comparison between the amount of alcohol
intake and AUDIT risk level with the various factors of
metabolic syndrome found the same trend in association
as that between drinking patterns and AUDIT risk trends.
Some metabolic syndrome indicators—waist circumference,
diastolic blood pressure (dBP), and TG—were found to be
associated with a greater quantity of alcohol consumption
and greater risk of harm due to it (p-value 0.007, <0.001,
and <0.001, respectively). However, the FBS association
with alcohol consumption was the highest with heavy
drinking and the lowest with mild-to-moderate drinking
(p-value 0.004), but it did not associate with risk level
(p-value 0.606). A J-shaped association was found

between HDL-C and drinking pattern; HDL-C, however,
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was found to have an inverse relationship with the risk
of harm (Figure 1). The systolic BP, TC, and LDL-C were
not found to be associated with either the quantity or

the level of risk. Metabolic syndrome, according to the

Table 1 Demographic data of study population

diagnostic criteria from the AHA/NHLBI and IDF, was not

found to be statistically associated with drinking, with

either drinking pattern or risk level.

No metabolic Metabolic
Variable Total syndrome syndrome p-value
(=) (N=178) (N=222)
Age (years), meanzS.D. 61.8+10.1 61.1£10.6 62.4+9.7 0.207
Female sex, n (%) 218 (54.5) 87 (48.8) 131 (59.5) 0.043
BMI (kg/m?), mean+S.D. 25.7+4.1 24.2+3.7 26.8+4.0 <0.001
Underlying diseases
No underlying disease 28 (7.0) 24 (13.5) 4 (1.8) <0.001
Diabetes mellitus 89 (22.2) 14 (7.9) 75 (33.8) <0.001
Hypertension 265 (66.2) 97 (54.5) 168 (75.7) <0.001
Dyslipidemia 225 (56.2) 69 (38.8) 156 (70.3) <0.001
Other 72 (18.0) 37 (20.8) 35 (15.8) 0.194
Living in an urban area, n (%) 182 (45.5) 87 (48.88) 95 (42.8) 0.225
Smoking, n (%) 79 (19.7) 39 (22.4) 39 (17.5) 0.221
Pack-year among smokers, mean+S.D. 12.1£10.8 13.4£11.8 10.9+9.7 0.302
Higher education, n (%) 143 (35.7) 62 (34.8) 81 (36.5) 0.731
Drinkers, n (%) 109 (27.2) 50 (28.1) 59 (26.6) 0.735
Standard drink (drink/day) among drinkers, mean+S.D. 4.3+3.2 4.34+2.8 4.3+3.4 0.926
Income, n (%) 0.562
<10,000 baht/month 162 (40.5) 76 (42.7) 86 (37.7)
10,000-30,000 baht/month 160 (40.0) 66 (37.1) 94 (42.3)
>30,000 baht/month 78 (19.5) 36 (20.2) 42 (18.9)
Dietary intake
Cooking oil frequently, n (%) 95 (23.7) 44 (24.7) 51 (23.0) 0.683
Protein and protein products, >4 day/wk, n (%) 237 (59.2) 109 (61.2) 128 (57.6) 0.469
High fat food, >4 day/wk, n (%) 42 (10.5) 22 (12.4) 20 (9.0) 0.277
Snacks, >4 day/wk, n (%) 1 (2.7) 4 (2.2) 7 (3.1) 0.582
Fast food, >4 day/wk, n (%) 2 (0.5) 0 (0.0) 2 (0.9) 0.204
Fruits and vegetables, >4 day/wk, n (%) 348 (87.0) 158 (88.7) 190 (85.6) 0.348
Sweets, >4 day/wk, n (%) 164 (41.0) 72 (40.4) 92 (41.4) 0.841
Physical activity
No exercise, n (%) 197 (49.2) 85 (47.7) 112 (50.4) 0.592
Housework, n (%) 0.685
<2 times/wk 96 (24.0) 44 (24.7) 52 (23.4)
3—4 times/wk 37 (9.2) 14 (7.9) 23 (10.3)
Nearly everyday - everyday 267 (66.7) 120 (67.4) 147 (66.2)
Sedentary lifestyle (hr/day), mean+S.D. 6.812.2 6.7+2.2 6.9+2.3 0.200
S.D.=standard deviation, BMI=body mass index, wk=week, hr=hour, kg/m’=kilogram/square meters
Journal of Health Science and Medical Research 4 J Health Sci Med Res..................



t K, et al.

isrivira

Tri

MetSyn and Alcohol

Jayioep/welBiiw=|p/bw ‘Aindlew jo Jsjewl|iw=0bHwW ‘Jelewnued=wo ‘siejew arenbs,/welfo|x= w63
(91< 8109s ]|aNY) @ouspuadap/asn [njuley pue ‘(Gl—8 8109s ||dNy) Bumuup snoplezey ‘(/—| 8109s | |dNY) %SU MO
‘Rep/B op< jo Bupjuup Jenbai=Bupuup Anesy pue ‘Aep/B op—0L 10 Buuup Jeinbai=6uuup arelsspow—-1ybl ‘Bunuup Jenbaui=buiuup [euoISe00 ‘Buulp ou=8ousunsqy
uopeinsp piepuels="q's ‘loseiseloyo pidi Alsusp-mo|=0-1a7
‘lossyseloyo pidi| Ausuep-ybiy=0-1aH ‘1ebns poojq Bunsej=sg4 ‘einssaid poojq 2ljoiseip=dgp ‘@inssaid poo|q 21j0}sAS=dgs ‘©@ousiajuinollo 1slem=O\\ ‘Xepul ssew Apog=|\g

6220 (L2l 8 @) v (8£9) L8 G98°0 (G29) oL (1'19) €2 (2'¥S) 92 (0°95) €91 (%) U ‘ewolpuAs oljogeIBN
96€°0 VIZFLI0L  VYPFO6LL  6VEFETLL €620 L'SYFE'86  LO0SFELLL  COPFE YL L'EETLOLE ‘a'sFuesw ‘(Ip/Bw) O-1a7
0200 6'GLTE0S S 02F965 YYLF6'ES GO0  9'82¥2'€9 YeLFrYS 8'VLF9ES 1'9LF8'65 "a's¥uesw ‘(jp/Bw) O-1aH
62.°0 vOpFL'8LL  E€E€SFLI8L  ©GEFLVLL /890 8VS¥2Z08L 2TB6EFV08L  L'OVFG LI L'2r¥P°08L "Q'SFueBW ‘(jp/Bw) |0leisejoyo [eio)
000> 696£F6'26E S Y9F86YL  L'¥6F209) 000> V' /EE¥6'6/2  L'88F609  9°Z8F6°IGL 8'09%8°0¢€l "a's¥uesw ‘(jp/Buw) sepueoA|buL
909°0 Y'OEFY 9Ll S'EEFLO  CIZFYLOL Y000  €SPFZOSL  6VLFSE0L  6'€2FYLOL 1'92F2°90k "g'sFuesw ‘(p/bw) sg4
100°0> 9LLFL/8 6,798 287518 000> 067878 L'8%v'28 €'879'18 LOLFS 2L ‘@'S¥uesw ‘(BHww) 4gp
9€€°0 GCLFLLEL  LOLFLEL  82LFPEEL G250 6 HLFZ8EL  0CLFLEEL  L2LFOVEL ST Sel ‘a's¥uesw ‘(BHww) dgs
100°0> £'8¥7°06 ¥'6¥2°/8 v'8¥./8 £00°0 8/%¥2'88  958%¥5/8 26%67/8 667078 "a'SFueaw ‘(Wwo) OM
100°0> (eL2L) 8 (8'85) 61 (0'52) 91 100°0> (0'G2) 21 (2'9%) 12 (8'22) Ol (egh) 9¢ (%) u ‘Buniows
£69°0 2eFT R G'EFLS2 2eFT R G85°0 1'e¥€'Se 2e¥6'Ge ¥'eF ¥'92 Y'v¥SSe "a's¥uesw ‘(Lw/By) INg
100°0> (ooL) Lk (ool) ¥e (1'82) 08 100°0> (0001) 9L (8°26) v (622) ge (6°62) 28 (%) u ‘usiN
100°0> 0°0+¥0°2S 8'0LFL'SS 9'/7¥'85 100°0> FLLFE6Y 267185 €LF1'8S /8'6FL €9 ‘a's¥uesw ‘(sieef) eby
(sv=u)
(11=u) (ve=u) (91=u) Bupjuup (8v=u)
aouapuadap NuLp (v9=u) Bunjuip alelsapow Bunjuip (162=u) (00v=u) aiqeven
anjen-d sasn |njwieH  snopiezeH ¥su mo7  anjea-d Aneay —ybi7 |euoisesog  2ouUdulisqy
wey Jo ysiy 9)ejul joyooje Jo (SWNjOA) Junowy

S1ueuOdWOoD BWOIPUAS O1j0geIeW [ENPIAIPUI PUB (WJBY JO 3SU PUB awn|oA) uondwnsuod [0yooJe Usemiag UoNeIoossy g ajqeL

J Health Sci Med Res..................

Journal of Health Science and Medical Research



MetSyn and Alcohol Trisrivirat K, et al.

Association between HDL-C and drinking pattern
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HDL-C=high density lipoprotein cholesterol, mg/dl=milligram/deciliter

Figure 1 Association between high density lipoprotein cholesterol and alcohol drinking

The results of the multivariate analysis using a
logistic regression model and adjusted odds ratios for
age, sex, smoking, and BMI are shown in Table 3. The

ratios comparing non-drinkers with metabolic syndrome

Journal of Health Science and Medical Research

were significantly increased in the heavy drinker (OR=4.4,
95% confidence interval (Cl) 1.2-15.6, p-value 0.021) and
harmful use/dependent categories (OR=5.0, 95% CI
1.1-23.1, p-value 0.039).
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Table 3 Association between metabolic syndrome and
alcohol consumption analyzed via logistic

regression analysis

Adjusted
Alcohol consumption odds 95% ClI p-value
ratio®
Amount of alcohol intake
Non-drinker 1.0
Occasional drinker 1.2 0.6-2.6 0.555
Light-moderate drinker 1.5 0.7-3.2 0.342
Heavy drinker 4.4 1.2-15.6 0.021
AUDIT risk score
Abstinence 1.0
Low risk 1.5 0.8-2.9 0.220
Hazardous drinking 1.0 0.4-2.6 0.925
Harmful use/dependence 5.0 1.1-23.1 0.039

Cl=confidence interval
*adjusted for age, sex, smoking, and BMI

Discussion

This study found the prevalence of current drinking
behavior of 27.3% to be primarily about occasional and
low-risk drinking. Based on the assessment of both the
quantity of alcohol and the level of risk from alcohol
drinking, their association with metabolic indicators
was in the same direction; an exception was HDL-C, which
had a J-shaped association with the amount of alcohol
intake but an inverse association with risk level. The
prevalence of metabolic syndrome was increased among
heavy and harmful use/dependent drinkers.

The current alcohol drinking ratio found by this
study was 27.3%, which is higher than that of the total
world population (22.6%)." However, this is slightly lower
than that of the Thai population. A situational report of
alcohol consumption in 2017" found that 28.4% of the
country’s population are drinkers. The drinkers tended
to be male and young; as a matter of fact, drinking

in greater quantities was found to be associated with
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younger ages”, a finding that is similar to the findings of
various studies conducted in several countries.”**

The association between alcohol consumption and
the components of metabolic syndrome was found to
have both negative and positive effects. The negative
impacts on health included an increase in the risk for
having high blood sugar and TG levels as well as a
larger WC due to belly fat. This is consistent with the findings
of previous studies, which have reported that heavy
drinking is associated with an increased risk of diabetes,
dyslipidemia, and metabolic syndrome among liquor
consumers.” This can be explained by the fact that alcohol
can increase blood sugar levels and calory intake. Caton
et al. reported the effect of high-dose alcohol (4 units)
on stimulating appetite and increasing food intake, thus
alcohol may contribute to a positive energy balance via
its additive effects to the total energy intake.” The
excess energy in the body is transformed into TG, resulting
in higher levels of serum TG.” The accumulation of
excessive fat increases waist circumference and body
weight.” Nevertheless, some studies have reported that
the moderate consumption of alcohol accounts for an
energy balance equation minimizing weight gain due to
heat generation from thermogenesis®®; however, this was
not observed in this study.

Moreover, alcohol consumption is associated with
an elevated BP.”® In this study, an association with only
dBP level was found, and it was higher. This is rather
surprising as, in general, alcohol can cause high BP as
regards both sBP and dBP. This could be explained by
several mechanisms such as enhanced sympathetic
activity, stimulation of the renin—angio-tensin—aldosterone
system, increased cortisol levels, increased vascular
reactivity, oxidative injury, and the inhibition of nitric

oxide production without time dependency.®®

However,
a previous study found that alcohol consumption

increases both sBP and dBP, but only dBP values increase

J Health Sci Med Res..................
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enough to be clinically significant.* This may also be
explained by the fact that heavy drinkers tend to carry
an increased risk of high dBP, and they are mostly male,
with sedentary lifestyles, who also engage in heavy
smoking.**

In addition, the authors found that alcohol could
have a positive effect on health by elevating serum HDL-C
levels via raising the transport rates of the major HDL

5% However, it is not

apolipoproteins apoA-I and -lI
recommended to use alcohol as a means to increase the
level of HDL-C.¥ Long-term drinking has been found to
be associated with lower HDL-C concentrations.* This
would explain why HDL-C was inversely related to the risk
of harm compared to its relationship with the amount of
alcohol intake. Most questions in AUDIT pertain to the
time spent consuming alcohol, the estimated duration
of this risk behavior, and self-perception as regards one’s
drinking habit. Drinkers who reported to have high risk
of harm could be associated with a longer duration of
exposure to alcohol, which may result in liver injury and
interference with cholesterol synthesis.”

Apart from HDL-C, there were other metabolic
syndrome biomarkers that were associated with the level
of risk in the same manner as the amount of consumption.
The reason for this might be that people who drink large
quantities of alcohol are often assessed as having a
higher risk of harm. The AUDIT questionnaire consists
of questions enquiring about the amount of alcohol, and
if the answer is “high amounts,” then the risk will be
considered as “increased.” In addition, those who drink
large amounts of alcohol are more likely to have health
problems or social consequences, which may influence
their perception of incurring a higher level of harm.”

The strength of the present study is the utilization
of risk assessment obtained via the AUDIT questionnaire
to study its association with metabolic syndrome, which,

to the authors’ knowledge, has not yet been studied in
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Thailand. However, the study has some limitations. Firstly,
most participants suffered from chronic diseases, which
may not be a fair representation of the characteristics of
the general population. Secondly, as mentioned in the
discussion section, using the AUDIT risk assessment to
compare to the quantity of alcohol consumption might
confound the interpretation of the data as one question in
AUDIT aims to assess the amount of drink. Accordingly,
the results could be similar. Future studies need to consider
using other risk assessment questionnaires, the results
for which may be different. Lastly, as the measurement
of WC used in this study is different from the more
commonly used method recommended by WHO, this
could have possibly led to an underestimation of the
prevalence of metabolic syndrome. However, even
when using these two different measures, similar patterns
of association between cardiometabolic risks and WC

have been reported.*

Conclusion

Alcohol drinking tends to be associated with an
increased risk of metabolic syndrome, especially when
heavy drinking (in excess of 40 g/day) is involved and
among patients who check positive for harmful use or
alcohol dependency in level of risk. Offering advice to
help patients restrict their drinking habits can be beneficial
in the attempt to reduce the incidence of metabolic
syndrome. At the same time, people who drink alcohol,
especially heavy drinkers and those who are at high risk
of harm, should be assessed for metabolic problems in

order to prevent further complications due to this condition.
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Supplementary Table 1 Example of the questionnaire for assessing dietary intake and physical activity adapted from the

National Statistical Office

Diet

Which cooking method do you usually use? (choose only one)

O (1) boiling [ (5) hatf-cooking
O (2) stewing O (6) toasting/grilling
O (3) stir-frying O (7) baking

O (4) frying O (8) other.

During the past month, how many days

Never 1-2 days/week | 3-4 days/week | 5-6 days/week | Everyday
per week did you eat ...

1. Meat or processed meat
2. High-fat food

3. Snacks

4. Junk food

5. Fruit and vegetable

6. Sweet drinks/energy drinks

On average, how many days per week do you ... Frequency (days/week)

A. Have vigorous activity/exercise? (at least 20 minutes continuously)

B. Have moderate activity/exercise (at least 20 minutes continuously)

C. Have light activity (at least 20 minutes continuously)

D. Walk non-stop for at least 10 minutes

How often do you do housework or gardening? O Never/rarely
[ <2 timesAveek
[ 3-4 timesAveek

O Nearly everyday/everyday
How many hours per day do you ... Duration (hours/day)
A. Sleep during daytime

B. Watch television or use the computer

C. Sit (in all situations)
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