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Background & aims: Alcohol consumption correlates with type 2 diabetes through its effects on insulin
resistance, changes in alcohol metabolite levels, and anti-inflammatory effects. We aim to clarify asso-
ciation between frequency of alcohol consumption and risk of diabetes in Taiwanese population.
Methods: The National Health Interview Survey (NHIS) in 2001, 2005, and 2009 selected a representative
sample of Taiwan population using a multistage sampling design. Information was collected by stan-
dardized face to face interview. Study subjects were connected to the Taiwan National Health Insurance
claims dataset and National Register of Deaths Dataset from 2000 to 2013. KaplaneMeier curve with log
rank test was employed to assess the influence of alcohol drinking on incidence of diabetes. Univariate
and multivariate Cox proportional regression were used to recognize risk factors of diabetes.
Results: A total of 43,000 participants were included (49.65% male; mean age, 41.79 ± 16.31 years).
During the 9-year follow-up period, 3650 incident diabetes cases were recognized. KaplaneMeier curves
comparing the four groups of alcohol consumption frequency showed significant differences (p < 0.01).
After adjustment for potentially confounding variables, compared to social drinkers, the risks of diabetes
were significantly higher for non-drinkers (adjusted hazard ratio [AHR] ¼ 1.21; 95% confidence interval
[CI], 1.09e1.34; p < 0.01), regular drinkers (AHR ¼ 1.19; 95% CI, 1.06e1.35; p < 0.01), and heavy drinkers
(AHR ¼ 2.21, 95% CI, 1.56e3.13, p < 0.01).
Conclusions: Social drinkers have a significantly decreased risk of new-onset diabetes compared with
non-, regular, and heavy drinkers.
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1. Introduction

The increasing incidence of type 2 diabetes mellitus is a uni-
versal problem, because it is one of the main cause of cardiovas-
cular disease and mortality [1]. Further, the health expenditure of
diabetes and its complications are enormous, increasing the
financial burden of the national health care systems around the
world [2].
ism. All rights reserved.
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Alcohol consumption is correlated with type 2 diabetes through
its effects on insulin resistance, changes in alcohol metabolite
levels, and anti-inflammatory effects [3,4]. People in different
countries consume different beverage types and show different
drinking patterns. Moreover, ethanol metabolism not only differs
between males and females, but also between diverse populations
due to genetic factors [5,6].

Beulens et al. analyzed data from eight European countries
and reported that modest alcohol intake was related with a
lower diabetes risk in women, but not in men. Besides, the cor-
relation between alcohol and diabetes was stronger in over-
weight than normal-weight subjects [7]. Liang et al. similarly
reported that moderate alcohol consumption associated with
lower diabetes risk in middle-age and elderly Chinese men [8],
whereas a meta-analysis conducted by Knott et al. showed that
moderate alcohol intake associated with reduced diabetes risk
only in females and non-Asian populations [9]. Another meta-
analysis by Lee et al. revealed that slight and moderate alcohol
consumption related with decreased diabetes risk, while heavy
alcohol consumption was not related with increased diabetes
risk [10].

However, the prior studies on the relation between alcohol use
and the risk of diabetes were restricted to particular populations
and had insufficient adjustment for potential confounders. Herein,
we aimed to clarify the association between frequency of alcohol
consumption and diabetes risk in Taiwanese people by using pop-
ulation representative data.
2. Materials and methods

2.1. Data source

The National Health Interview Survey (NHIS) was carried out by
the Bureau of Health Promotion, Department of Health, and the
National Health Research Institutes in 2001, 2005, and 2009 in
Taiwan. The survey selected a representative sample of the
Taiwanese population using a multistage sampling design. The
NHIS data were gathered by regular face-to-face interviews. Infor-
mation on demographic characteristics, personal and household
income, body height and weight, and health behaviors such as
frequency of alcohol consumption, smoking habits, and leisure time
physical activity were collected. Participants who had provided
consent were connected to the Taiwan National Health Insurance
(NHI) claims data and the National Deaths Dataset from 2000 to
2013. The NHI claims records contain information on medical use,
including ambulatory and inpatient care. The follow-up period
began on the date of the interview and was terminated at the time
of diagnosis of new-onset diabetes, death, or on Dec 31, 2013. If the
participant was interviewed twice or more, only the information
obtained from the first interview was analyzed. This study was
approved by Taipei City Hospital's Joint Institutional Review Board
(TCHIRB-10404118-W).
2.2. Frequency of alcohol consumption

Detailed information on frequency of alcohol consumption was
gathered by face-to-face interviews. Frequency of alcohol con-
sumptionwas evaluated by the questions: “How often do you drink
alcohol?” and “Do you regularly get drunk?” Frequency of alcohol
consumption was classified by consumption frequency and
drunkenness into non-drinker, social consumption (less than once
a week), regular consumption (more than once a week but not to
the point of being drunk), and heavy consumption (more than once
a week, to the point of being drunk) [11].
2.3. Diabetes

Comorbidity were defined by the diagnosis codes of the NHI
claims records, usingmore than threeoutpatient claimsorat leastone
inpatient admission claim, according to the International Classifica-
tion of Disease, 9th Revision Clinical Modification (ICD-9-CM). The
study cohort was defined as people who were free of diabetes at the
beginningof the study. Peoplewhowas diagnosed as having diabetes
before the NHIS interview were excluded from the study. The
outcome variable of this study was diabetes (ICD-9-CM code 250).

2.4. Confounding variables

Demographic characteristics, socioeconomic status, and health
behaviors were recorded by face-to-face interviews. Comorbidities,
including hypertension (ICD-9-CM codes 401-405) and hyperlip-
idemia (ICD-9-CM code 272) were recognized from the diagnosis
codes of the NHI claims records [12]. Body weight and height were
self-reported by the study subjects. Body mass index was catego-
rized as underweight (<18.5 kg/m2), normal (18.5e23.9 kg/m2),
overweight (24e26.9 kg/m2), and obesity (�27 kg/m2) [13]. Infor-
mation on fruit and vegetable consumption was collected by the
questions “How many days do you eat fruit in a week?” and “How
many days do you eat vegetables in a week?” Leisure-time physical
activity was evaluated by the question: “Did you participate in any
leisure-time physical activities during the last twoweeks?”Weekly
energy expenditure (kcal) of physical activity was calculated by the
following equation: activity intensity code (kcal/min) � frequency
per week (times) � duration for each time (minutes) [14].

2.5. Statistical methods

KaplaneMeier curves with the log-rank test were employed to
demonstrate and investigate the differences in the development of
diabetes during the study period among the four groups of alcohol
consumption frequency. Baseline characteristics of participants
across alcohol categorieswere compared by t test and chi square test.
A univariate Cox proportional regression model was applied to
compare baseline characteristics among the study cohort. A multi-
variate Cox proportional regressionmodelwas applied to investigate
the independent associations of alcohol consumption frequencywith
the incidence of diabetes. Stratified analysis by sexwas performed, as
previous studies have revealed sex disparities in the association be-
tween frequency of alcohol consumption and risk of diabetes [9,15].
Sensitivity analysis was carried out by excluding incident diabetes
cases during the first one and two years after the NHIS interview. All
analyses were performed using SAS software v.9.4.

3. Results

A total of 48,604 people aged more than 18 years were included
in the 2001, 2005, and 2009 NHIS. Subjects with a history of dia-
betes (n ¼ 3685), subjects who did not respond to the alcohol
consumption frequency questions (n ¼ 1918), and subjects with
missing data of sex (n ¼ 1) were excluded. Thus, data of 43,000
people were finally analyzed in our study. The mean (SD) age of the
study populationwas 41.79 (16.31) years, and 50.35% of the subjects
were women. During 357,908 person-years of follow-up, 3650
subjects developed new-onset diabetes.

KaplaneMeier curves comparing the four groups of alcohol
consumption frequency revealed a statistical significance (p-value
of log-rank test <0.01; Fig. 1). During the 5e13 years of follow-up,
incident diabetes was recognized in 2399 (9.20%) non-drinkers,
and in 573 (5.32%), 636 (10.74%), and 42 (19.0%) subjects with so-
cial, regular, and heavy alcohol consumption, respectively (Table 1).



Fig. 1. KaplaneMeier survival curve estimates for incident diabetes in a random
community sample in Taiwan.

Table 1
Baseline characteristics of participants classified according to frequency of alcohol consu

Characteristics Non-drinker
n ¼ 26,090

Social
n ¼ 10,769

Age in years, mean (SD) 43.02 (17.43) 37.69 (13.9
Gender
Female 16,632 (63.75%) 4001 (37.1
Male 9458 (36.25%) 6768 (62.8

BMI (kg/m2)
Underweight (<18.5) 2095 (8.52%) 641 (6.04%
Normal weight (18.5e23.9) 13,910 (56.54%) 5791 (54.5
Overweight (24e26.9) 5288 (21.5%) 2578 (24.2
Obesity (�27) 3307 (13.44%) 1608 (15.1

Marriage status
Married/cohabiting 15,745 (60.36%) 5776 (53.6
Never married 7515 (28.81%) 4285 (39.8
Widowed/divorced/separated 2826 (10.83%) 706 (6.56%

Education
Low (elementary or below) 7057 (27.07%) 1145 (10.6
Moderate (junior/senior high) 11,046 (42.38%) 4760 (44.2
High (college or above) 7964 (30.55%) 4863 (45.1

Household income
<US$952/month 5853 (23.91%) 1578 (15.7
US$952e2222/month 10,744 (43.89%) 4313 (43.1
>US$2222/month 7885 (32.21%) 4100 (41.0

Smoking status
Never 21,631 (82.95%) 6128 (56.9
Current 3545 (13.59%) 3611 (33.5
Former 902 (3.46%) 1028 (9.55

Vegetable
<5 days/week 3630 (13.93%) 1581 (14.6
5e7 days/week 22,429 (86.07%) 9182 (85.3

Fruit
<5 days/week 9073 (34.82%) 4029 (37.4
5e7 days/week 16,985 (65.18%) 6734 (62.5

Physical activity
0 kcal/week 12,041 (47.35%) 4636 (43.4
0e800 kcal/week 7207 (28.34%) 3300 (30.9
>800 kcal/week 6182 (24.31%) 2732 (25.6

Hypertension
No 19,109 (73.24%) 8874 (82.4
Yes 6981 (26.76%) 1895 (17.6

Hyperlipidemia
No 21,476 (82.32%) 9333 (86.6
Yes 4614 (17.68%) 1436 (13.3

Diabetes
No 23,691 (90.8%) 10,196 (94
Yes 2399 (9.2%) 573 (5.32%

Abbreviations: SD, standard deviation.
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As compared with subjects with social alcohol consumption,
non-drinkers and individuals with regular and heavy consumption
had higher risks of incident diabetes (non-drinkers: hazard ratio
[HR], 1.47; 95% confidence interval [CI] 1.34e1.61, p < 0.01; regular
consumption: HR, 1.82, 95% CI 1.62e2.03, p < 0.01; and heavy
consumption: HR, 3.27, 95% CI 2.39e4.48, p < 0.01) (Table 2). Other
factors associatedwith the development of diabeteswere older age,
male sex, overweight or obesity, widowed/divorced/separated,
smoking, hypertension, and hyperlipidemia. Alternatively, higher
education level, higher household income, and moderate physical
activity were negatively associated with incidence of diabetes
(Supplementary Table 1).

We used a multivariate Cox regression model to determine the
factors associated with incident diabetes (Table 2 and
Supplementary Table 2). After adjusting for the subjects’ de-
mographics, health behaviors, and comorbidities (age, sex, BMI,
marriage, education, household income, smoking status, vegetable
and, fruit intake, physical activity, hypertension, and hyperlipid-
emia), non-drinkers and subjects with regular and heavy alcohol
mption (N ¼ 43,000; 3650 incident diabetes cases).

Regular
n ¼ 5920

Heavy
n ¼ 221

p-value

6) 43.80 (13.86) 42.53 (12.19) <0.01

5%) 988 (16.69%) 29 (13.12%) <0.01
5%) 4932 (83.31%) 192 (86.88%)

) 197 (3.5%) 10 (5.05%) <0.01
4%) 2681 (47.6%) 103 (52.02%)
8%) 1639 (29.1%) 42 (21.21%)
4%) 1115 (19.8%) 43 (21.72%)

5%) 4050 (68.41%) 127 (57.47%) <0.01
%) 1222 (20.64%) 60 (27.15%)
) 648 (10.95%) 34 (15.38%)

3%) 1463 (24.73%) 62 (28.18%) <0.01
1%) 3473 (58.72%) 138 (62.73%)
6%) 979 (16.55%) 20 (9.09%)

9%) 1449 (25.7%) 91 (42.92%) <0.01
7%) 2536 (44.98%) 71 (33.49%)
4%) 1653 (29.32%) 50 (23.58%)

1%) 1614 (27.3%) 36 (16.36%) <0.01
4%) 3761 (63.61%) 167 (75.91%)
%) 538 (9.1%) 17 (7.73%)

9%) 893 (15.09%) 55 (25%) <0.01
1%) 5024 (84.91%) 165 (75%)

3%) 2880 (48.67%) 143 (65%) <0.01
7%) 3037 (51.33%) 77 (35%)

6%) 3363 (57.49%) 145 (65.91%) <0.01
3%) 1213 (20.74%) 52 (23.64%)
1%) 1274 (21.78%) 23 (10.45%)

%) 4194 (70.84%) 136 (61.54%) <0.01
%) 1726 (29.16%) 85 (38.46%)

7%) 4823 (81.47%) 181 (81.9%) <0.01
3%) 1097 (18.53%) 40 (18.1%)

.68%) 5284 (89.26%) 179 (81%) <0.01
) 636 (10.74%) 42 (19%)



Table 2
Univariate and multivariate Cox proportional hazards analysis of risk factors for
incident diabetes mellitus.

Alcohol
consumption
frequency

HR (95% CI) p-value AHR (95% CI) p-value

Non-drinker 1.47 1.34e1.61 <0.01 1.21 (1.09e1.34) <0.01
Social Ref Ref
Regular 1.82 1.62e2.03 <0.01 1.19 (1.06e1.35) <0.01
Heavy 3.27 2.39e4.48 <0.01 2.21 (1.56e3.13) <0.01

Abbreviations: HR, hazard ratio; AHR, adjusted hazard ratio; CI, confidence interval.
Multivariate Cox proportional hazard analysis was adjusted for age, sex, BMI,
marriage, education, household income, smoking status, vegetable and fruit intake,
physical activity, hypertension, and hyperlipidemia.
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consumption significantly associated with increased risks of inci-
dent diabetes (non-drinkers: HR, 1.21; 95% CI 1.09e1.34, p < 0.01;
regular consumption: HR, 1.19, 95% CI 1.06e1.35, p < 0.01; and
heavy consumption: HR, 2.21, 95% CI 1.56e3.13, p < 0.01).

The results of the sex-stratified analysis are given in Table 3.
Social consumption was associated with a decreased risk of inci-
dent diabetes in all subgroups. Next, sensitivity analysis was per-
formed by excluding incident diabetes cases within the first and
second years of the study period. There were 476 and 937 new-
onset diabetes cases within one and two years after the NHIS
interview, respectively. Multivariate Cox proportional hazards
analysis was adjusted for age, sex, BMI, marriage, education,
household income, smoking status, vegetable and fruit intake,
physical activity, hypertension, and hyperlipidemia. As a result,
social consumption remained significantly associated with
decreased risks of incident diabetes in the sensitivity analysis (non-
consumption: HR, 1.17; 95% CI 1.04e1.31, p ¼ 0.01; regular con-
sumption: HR, 2.45, 95% CI 1.02e1.35, p ¼ 0.03; and heavy con-
sumption: HR, 2.45, 95% CI 1.68e3.56, p < 0.01).
4. Discussion

Our study investigated the association between alcohol and
diabetes risk in the general Taiwanese population, and the results
showed that people with social alcohol consumption had signifi-
cantly decreased risk of incident diabetes compared with non-
drinkers and those with regular or heavy alcohol consumption.
The present study illustrates the U-shape relationship between
frequency of alcohol consumption and risk of incident diabetes in
both men and women.

The finding of our study that social alcohol consumption is
associated with lower diabetes risk was compatible to the findings
of previous studies. Several studies have reported the biological
mechanisms to explain the lower risk of development of diabetes in
people with modest alcohol consumption. Alcohol may improve
Table 3
Subgroup analysis of the association of alcohol consumption frequency with inci-
dence of diabetes according to sex.

Alcohol consumption frequency Female
(n ¼ 21,650)
AHR (95% CI)

Male
(n ¼ 21,350)
AHR (95% CI)

Non-drinker 1.13 (0.95e1.34) 1.25 (1.10e1.41)
Social Ref Ref
Regular 0.99 (0.74e1.33) 1.26 (1.10e1.44)
Heavy 2.91 (1.07e7.91) 2.21 (1.52e3.22)

Abbreviations: AHR, adjusted hazard ratio; CI, confidence interval.
Multivariate Cox proportional hazards analysis was adjusted for age, BMI, marriage,
education, household income, smoking status, vegetable and fruit intake, physical
activity, hypertension, and hyperlipidemia.
insulin resistance by inhibiting gluconeogenesis, which leads to
decreased risks of the development of diabetes mellitus [16,17]. In
addition, the so-called anti-inflammatory theory was also reported,
which suggests that alcohol may positively change the expressions
of inflammatory proteins such as adiponectin and interleukin-1b
involved in metabolic processes [18e20]. Alcohol may also moti-
vate the synthesis of high-density lipoprotein [19].

People in different countries consume different beverage types
and show different drinking patterns. Ethanol metabolism also
differs in different populations and between the sexes [5,6]. Pre-
vious studies have demonstrated that wine associates with reduced
risks of developing diabetes comparedwith beer or spirits [7,21,22].
However, as for the associations of drinking frequency and quantity
with diabetes risks, the results differ between males and females. A
meta-analysis of 38 epidemiology studies reported that the
decreased diabetes risk associated with moderate alcohol con-
sumption is limited to females and non-Asian populations. How-
ever, it is possible that the observed risk reductions may be due to
overestimation by using a reference group contaminated by those
who had quit consumption [9]. Another meta-analysis of the as-
sociations on alcohol with insulin sensitivity and blood glucose
concentrations revealed that modest alcohol consumption may
reduce fasting insulin and HbA1c levels in subjects without dia-
betes. Further, alcohol consumption may increase females' insulin
sensitivity, but generally do not do so inmen [15]. A European study
reported that moderate alcohol consumption associated with
decreased risk of type 2 diabetes in females only, which was
speculated to be due to the differences in fat distribution between
the sexes. In fact, in the same study, the association between
alcohol and incident diabetes was stronger in overweight
compared with normal-weight people [7]. Cullmann et al. reported
that heavy alcohol consumption increases the risk of abnormal
glucose regulation inmales aged 35e56 years. However, in females,
low or medium alcohol intake associated with a decreased diabetes
risk, whereas heavy alcohol intake related to an increased risk [23].
Rasouli et al. analyzed data from Norway and reported that mod-
erate alcohol use associated with a decreased risk of type 2 dia-
betes, although this protecting effect may be restricted to males
only. Besides, heavy alcohol consumption did not increase the
diabetes risk in that study [22]. Liang et al. reported that moderate
alcohol intake associated with decreased type 2 diabetes risk
among Chinese men aged 40e74 years [8]. A significant negative
doseeresponse relationship between alcohol intake and incident
diabetes was reported from a prospective cohort study of 8423
Japanesemaleworkers [24]. Another study of 2500male laborers in
Korea revealed that moderate and heavy alcohol consumptionwere
associated with increased risks of the development of diabetes in
obese males [25]. The impact of alcohol consumption on the risk of
diabetes varies across different population and genders. Our study
also revealed differences in diabetes incidence according to sex,
especially in regard to regular alcohol consumption. A majority of
women in Taiwan were non-drinkers. The unequal distribution
across the four groups of alcohol consumption frequencymay cause
decreased power in the analysis.

The current study has some limitations that should be
mentioned. First, the information of the participants, including their
weight, height, income, smoking habit, and frequency of alcohol
consumption was self-reported, which may result in recall bias.
Second, while therewere only a few subjectswho refused to provide
consent to link their information to the health insurance dataset,
bias due to selective missing should still be considered. Third, this
study only collected information on the frequency and extent of
alcohol consumption; however, detailed information of the
beverage type and amount was not available in the questionnaires.
Besides, detailed information about quality of diet and smoking was
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not available in the NHIR dataset. Our questionnaires were also
unable to separate never and former drinkers, which were pooled
together as non-drinkers. Former drinkers are particularly note-
worthy, because they may have worse health condition and higher
morbidity andmortality than never-drinkers [26]. Thus, it should be
taken into consideration that the non-drinker group was contami-
nated by less healthy former drinkers. Fourth, the alcohol con-
sumption pattern was recorded only at baseline, and whether the
consumption pattern changed over time was not assessed. Finally,
laboratory data were not available in the dataset and the diagnosis
of diabetes relied on the ICD-9-CM codes and medication history.
However, the possibility ofmisclassification of the outcomewas low,
because the NHI covers >97% of the Taiwanese population and re-
cords all health insurance information [27].

This study also had a number of important strengths. First, the
retrospective cohort study design could avoid the problems of
control selection in caseecontrol studies and vague timing in cross-
sectional studies. Second, we investigated the NHIS dataset, which
is a national representative sample of the whole Taiwanese popu-
lation. Our study thus had good generalizability. Third, several
important confounding variables were adjusted for, including de-
mographic characteristics, socioeconomic status, diet, physical ac-
tivities, smoking status, and comorbidities. Lastly, the study cohort
had a total follow-up period of 9 (range, 5e13) years, providing
sufficient time to obtain a confident level of statistical power.

In summary, the present study suggests that those with social
alcohol consumption have a reduced risk of incidence of diabetes
comparedwith non-drinkers and regular or heavy drinkers. Further
studies are necessary to evaluate the effect of different beverage
types and the quantity of alcohol on the risk of development of
diabetes.
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