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Association between alcohol 
consumption pattern and the 
incidence risk of type 2 diabetes in 
Korean men: A 12-years follow-up 
study
Dae-Yeon Lee1,2, Min-Gyu Yoo1, Hyo-Jin Kim1, Han Byul Jang1, Jae-Hong Kim2, Hye-Ja Lee1 & 
Sang Ick Park1

Moderate alcohol consumption is generally associated with reduced risk of type 2 diabetes. However, 
this beneficial effects of alcohol intake remains controversial due to inconsistent results across studies. 
The analysis was performed using data from the Ansung-Ansan cohort study. We categorized the 
participants into four groups—based on the baseline (one-point measure; non-drinking, <5 g/day, 
≥5, <30 g/day, and ≥30 g/day) and follow-up (consumption pattern; never-drinking, light, moderate, 
and heavy drinking) measurement. At baseline, ≥30 g/day alcohol consumption increased the risk of 
incident diabetes (HR: 1.42; 95% CI, 1.10–1.85), but ≥5, <30 g/day alcohol consumption had no effects 
on the incident diabetes. Meanwhile, when using the alcohol consumption pattern, a heavy-drinking 
pattern increased the risk of incident diabetes (HR = 1.32, 1.01–1.73), but the light and moderate 
consumption pattern was associated with a reduced risk of type 2 diabetes (HR: 0.66; 0.50–0.87 and  
HR: 0.74; 0.57–0.95, respectively). At the end point of follow-up, the insulinogenic index (IGI), but 
not the insulin sensitivity index (ISI), differed among the groups. Alcohol consumption pattern had 
a J-shaped association with the incident type 2 diabetes in Korean men. The IGI showed an inverted 
J-shaped association according to alcohol drinking pattern, but the ISI was not a J-shape.

The prevalence of type 2 diabetes (T2D) in Korea has increased as rapidly as in Western countries for about two 
decades. To date, several factors (including obesity) have been reported to affect disease onset. One such factor 
is alcohol consumption, which is harmful to public health in Korea. More than 70% of Korean men are current 
drinkers and tend to undertake drinking binges; >50% of drinkers drink more than 60 g at a single sitting1. 
Therefore, alcohol consumption is an important risk factor for non-communicable diseases, including T2D, in 
Korea.

Moderate consumption of alcohol might have a beneficial effect on glucose metabolism and T2D preven-
tion2–6. The relationship between alcohol consumption and T2D incidence is U- or J-shaped in both sexes. Jee 
et al.7 suggested that 1–24 g/day alcohol intake reduced the diabetes incidence risk compared with non-drinkers 
in Korean men and women. However, the beneficial effect of alcohol on diabetes remains controversial because 
several other studies have shown that moderate alcohol consumption is not associated with a reduction in the 
risk of T2D onset8–11.

This discrepancy might be due to the heterogeneity of study participants. Many studies have yielded different 
results depending on sex and race, likely due to the effects of different confounders and genetic mechanisms 
regulating alcohol intake and metabolism. In a recent meta-analysis, Craig et al.12 showed that the reduction in 
risk among moderate alcohol drinkers may be confined to women and may have been overestimated. In addition, 
they suggested that moderate drinking in Asian populations has no protective effect on T2D incidence. Another 
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cause of the discrepancy might be a bias in the method of alcohol intake measurement. In most studies, average 
alcohol intake has been measured at one timepoint, and intake has been assumed to be stable over time. However, 
alcohol consumption is dynamic, especially over longer periods; therefore, measurement at a single timepoint 
could confound the results.

In the present study, we investigated the association of alcohol intake with T2D incidence in men using 
12-year follow up data from a Korean adult cohort from the Ansan-Ansung study. To assess the alcohol con-
sumption status of participants, we categorized them into four groups according to alcohol consumption pattern 
during the follow-up period and analyzed hazard ratios (HRs) for incident T2D. We also investigated the involve-
ment of β-cell function and insulin sensitivity in the development of T2D.

Results
The baseline characteristics of study participants by the over 10-years alcohol consumption pattern and baseline 
daily alcohol consumption presented in Table 1 and Supplementary Table S1, respectively. Diastolic blood pres-
sure, triglycerides, HDL cholesterol, AST, and gamma-glutamyl transpeptidase (γ-GTP) levels differed among 
groups according to both categorizations (p < 0.05), but systolic blood pressure and ALT level differed signifi-
cantly only among groups classified by the 10-years consumption pattern (p < 0.05).

We first investigated the relationship between baseline drinking status (Table 2) and incident diabetes. No 
reduction in risk was observed in the <5 g/day and ≥5, <30 g/day alcohol intake groups compared with the 
non-drinking group. The adjusted HR (95% CI) for those drinking <5 g/day was 0.96 (0.71–1.30), and that for 
those drinking ≥5, <30 g/day was 1.02 (0.81–1.30). The ≥30 g/day consumption group had an increased risk of 
diabetes [HR 1.42 (1.10–1.85)].

Drinking status during the follow-up period was categorized by drinking pattern. Kaplan-Meier curves and 
adjusted HR were presented in Fig. 1 and Table 3. Alcohol had a beneficial effect on incident diabetes in par-
ticipants who maintained light and moderate alcohol consumption patterns during follow-up (p < 0.001). The 
adjusted HR (95% CI) for the light drinking group was 0.66 (0.50–0.87) and that for the moderate drinking group 

Alcohol consumption pattern

P-value3Never-drinking Light moderate Heavy

Number of subject(%) 338(19.4) 462(26.1) 666(37.6) 306(17.2)

Age 52.8 ± 8.4a 51.2 ± 8.2b 49.3 ± 7.7c 49.0 ± 7.9c <0.001

Body mass index 24.1 ± 3.0a 24.3 ± 2.8a 24.3 ± 2.8a 24.5 ± 3.0a 0.500

Systolic blood pressure(mmHg) 119.6 ± 16.7ab 118.0 ± 16.4b 120.0 ± 17.2ab 121.8 ± 16.9a 0.024

Diastolic blood pressure(mmHg) 79.9 ± 11.4b 79.9 ± 10.9b 81.7 ± 12.0a 82.5 ± 11.4a 0.002

Triglycerides(mg/dL) 153.4 ± 98.4b 153.1 ± 103.2b 169.4 ± 128.3b 186.5 ± 140.1a <0.001

HDL-cholesterol(mg/dL) 44.2 ± 9.6c 45.1 ± 9.8c 49.1 ± 11.4b 50.7 ± 11.7a <0.001

AST(IU/L) 26.8 ± 15.5bc 25.0 ± 8.9c 28.3 ± 15.3b 31.9 ± 15.6a <0.001

ALT(IU/L) 29.9 ± 31.9ab 26.1 ± 15.5b 29.9 ± 31.6ab 32.1 ± 21.8a 0.018

Total cholesterol(mg/dL) 197.3 ± 33.8a 196.4 ± 33.4a 201.4 ± 33.5a 198.5 ± 39.0a 0.085

Γ-GTP 31.1 ± 25.2c 31.2 ± 26.6c 53.9 ± 85.1b 78.4 ± 82.1a <0.001

IGI60
1 6.2(5.3–7.2)ab 7.2(6.2–8.2)a 6.3(5.6–7.0)ab 5.3(4.4–6.3)b 0.067

ISI2 9.7(9.0–10.4)a 9.5(8.9–10.0)a 9.2(8.8–9.6)a 10.0(9.3–10.7)a 0.240

Table 1.  Baseline characteristics of participants (alcohol consumption pattern categorization). All data 
except β-cell function and insulin sensitivity are represented as mean ± standard deviation (SD). 1Insulin 
secretion refers to the insulinogenic index (IGI60) and is shown as the geometric mean (95% confidence 
interval, CI). 2Insulin sensitivity refers to the Matsuda index (ISI) and is shown as the geometric mean (95% 
confidence interval, CI). The participants were categorized into four groups based on follow-up measurement 
(consumption pattern). 3p-values were determined using one-way anova and post-hoc (Duncan) for continuous 
variables in according to alcohol consumption pattern at baseline and over 10-years. a,b,c,dDifferent letters 
indicate significant difference of means among four groups by Duncan test.

Hazard Ratio(95% CI)

Non-drinking <5 g/day ≥5, <30 g/day ≥30 g/day

139(28.0%) 67(23.8%) 170(26.4%) 110(34.5%)

Model 1 Ref 0.93(0.70–1.24) 1.02(0.82–1.27) 1.42(1.12–1.81)

Model 2 Ref 1.03(0.77–1.38) 1.03(0.82–1.29) 1.42(1.12–1.83)

Model 3 Ref 0.96(0.71–1.30) 1.02(0.81–1.30) 1.42(1.10–1.85)

Table 2.  Association between alcohol consumption at baseline and 12-year incidence of type 2 diabetes. The 
participants were categorized into four groups based on the baseline measurement (one-point measure). Model 
1: adjusted for age and Body mass index. Model 2: adjusted for age, Body mass index, family history of diabetes, 
and smoking. Model 3: adjusted for age, Body mass index, family history of diabetes, smoking, physical activity, 
total energy intake and IGI60.
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was 0.74 (0.57–0.95). The heavy consumption group also had an increased risk of incident diabetes; the adjusted 
HR for this group was 1.32 (1.01–1.73).

To determine the factor responsible for this effect, β-cell function and insulin sensitivity were analyzed. At 
baseline, the ISI did not differ among the groups, but the IGI60 differed among the incidence of type 2 diabetes 
(Supplementary Figure S1). However, at the end point of follow-up, the IGI60, but not the ISI, showed an inverted 
J-shaped association (Fig. 2). Importantly in the heavy drinking group, the IGI60 was significantly lower than 
those of other groups but not the ISI (Fig. 2A). Only in the heavy drinkers who had been diagnosed with type 2 
diabetes, there was an increase of insulin sensitivity (Fig. 2B), which means that long-term heavy drinking might 
be able to slightly improve insulin sensitivity but reduction of insulin secretion in this group could more impact 
on the incidence of type 2 diabetes. Therefore these results suggests that insulin secretion capability, not insulin 
sensitivity, is a major factor responsible for alcohol-related diabetes onset.

Discussion
In the present study, we found a J-shaped association between the level of regular alcohol consumption and inci-
dent diabetes in Korean men. To our knowledge, this study is the first to examine the relationship between alcohol 
consumption and diabetes in Korean men that involved long-term follow-up of alcohol intake.

The association of alcohol consumption with T2D has been examined previously in multiple studies. A 2016 
meta-analysis by Li et al.4 included 26 cohort studies with 31,621 T2D cases. The authors showed that moderate 
alcohol consumption reduced the risk ratio to 0.8 (0.72, 0.89) compared with low alcohol consumption in men. 
However, this beneficial effect of alcohol on incident diabetes was not detected in four studies of Asian popula-
tions (in Korea and Japan)13–16. In this study, we also found no beneficial effect of moderate alcohol consumption 
on diabetes development when the alcohol consumption measured at baseline (one-point measure).

In most prospective studies, alcohol consumption has been measured at only one timepoint, which entails 
the assumption that intake is stable over time. However, alcohol consumption is dynamic and is influenced by 
health and socioeconomic status, which are important confounders. Therefore, we included only individuals with 
alcohol consumption data for the entire follow-up period and used the alcohol consumption pattern during the 
follow-up period to reduce this bias. As a result, a beneficial effect of alcohol was detected in the light and mod-
erate drinking groups. Recently, Joosten et al.17 demonstrated that changes in alcohol consumption were asso-
ciated with the risk of T2D. This finding suggests that a point measure of alcohol consumption is inappropriate 

Figure 1.  Kaplan-Meier curve of the incidence of type 2 diabetes by alcohol consumption pattern.

Hazard Ratio(95% CI)

Never-drinking Light Moderate Heavy

119(35.2%) 95(20.6%) 155(23.3%) 117(38.2%)

Model 1 Ref 0.64(0.49–0.84) 0.749(0.59–0.96) 1.40(1.08–1.82)

Model 2 Ref 0.68(0.52–0.89) 0.78(0.61–1.01) 1.38(1.05–1.80)

Model 3 ref 0.66(0.50–0.87) 0.74(0.57–0.95) 1.32(1.01–1.73)

Table 3.  Association between alcohol consumption pattern during follow-up period and 12-year incidence 
of type 2 diabetes. The participants were categorized into four groups based on follow-up measurement 
(consumption pattern). Model 1: adjusted for age and Body mass index. Model 2: adjusted for age, Body mass 
index, family history of diabetes, and smoking. Model 3: adjusted for age, Body mass index, family history of 
diabetes, smoking, physical activity, total energy intake and IGI60.
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for studies of the association between alcohol consumption and incident diabetes. In the present study, we also 
demonstrated that point and follow-up measurements of alcohol intake yielded different results regarding the 
association of alcohol consumption with incident diabetes. Therefore, the alcohol measurement method and 
categorization of participants according to alcohol consumption level are critical.

The association of alcohol consumption with a reduced risk of T2D has been explained in part by increased 
insulin sensitivity. However, the effect of moderate alcohol consumption on insulin sensitivity remains contro-
versial. A recent meta-analysis showed that alcohol consumption did not influence insulin sensitivity.3 Moreover, 
alcohol intake tended to improve insulin sensitivity in women, but not in men. Our results showed that alcohol 
intake level does not affect insulin sensitivity, with the exception of the heavy alcohol consumption group, in 
Korean middle-aged men. However, pancreatic β-cell function, estimated by the IGI60, had an inverted J-shaped 
trend. Several recent studies have suggested that impaired β-cell function has a greater effect on the development 
of diabetes than does insulin resistance in Asian people18–21. We previously showed that heavy alcohol consump-
tion was associated significantly with reduced insulin secretion, but not insulin sensitivity, in Koreans22. The 
mechanism of the effect of alcohol on insulin secretion is unclear, but Kim et al.23 found that chronic alcohol 
consumption potentiates the development of diabetes through pancreatic β-cell dysfunction. Therefore, the effect 
of drinking on incident diabetes in Korean men may be explained by its impact on β-cell function, rather than 
insulin sensitivity.

Study Strengths and Weaknesses.  The strengths of our study include its population-based design, pro-
spective follow-up of alcohol consumption and incident diabetes, and inclusion of a broad range of confounding 
factors. Moreover, we compared the effect of alcohol on incident diabetes using two alcohol measurement meth-
ods. We also analyzed participants’ β-cell function and insulin sensitivity to investigate the mechanism under-
lying the effect of alcohol on incident diabetes. However, the limitations of our study include possible bias from 
self-reported drinking status. Self-reported alcohol consumption is generally considered to have acceptable reli-
ability and validity for most research purposes.

Another limitation of this study is that it analyzed only male in the cohort population. We excluded women’s 
data from analysis because the majority of women in the cohort was never drinker or non-drinker (>80%) and 
there were insufficient numbers of drinking women to be analyzed statically. Therefore, it need to study the asso-
ciation of alcohol consumption and incidence of diabetes from other large population cohort.

Finally, alcohol has been known for a major risk factor of pancreatic diseases including chronic pancreatitis. 
It is the causative agent in nearly 50% of cases of chronic pancreatitis24 and increases the risk of this disease in a 
dose-dependent manner25. In addition, this disease can be a cause of diabetes which is classified as pancreatogenic 
diabetes or Type 3c diabetes26, 27. Therefore, we cannot rule out the possibility that alcohol-related pancreatitis 
may increase diabetes incidence in the heavy drinkers. This is an important issue for future research. However, 
the clinical data we used for our study did not include any information of pancreatic disease or type 3c diabetes. 
Further research should be undertaken to investigate the prevalence of type 3c diabetes in the heavy drinking 
population in Korean.

Conclusions
Alcohol consumption pattern had a J-shaped association with the risk of T2D in Korean men. The IGI exhibited 
an inverted J-shaped association according to alcohol drinking pattern, but the ISI was not a J-shape. These find-
ings suggest that the effects of alcohol on incident diabetes are associated with β-cell function, rather than insulin 

Figure 2.  The associations between alcohol consumption pattern and (A) insulin secretion capacity (IGI60) and 
(B) insulin sensitivity (ISI) at the end point of follow-up. A, and B is shown as the geometric mean and Error 
bars represent 95% CIs. P-values were determined using one-way anova and post-hoc (Duncan) for continuous 
variables according to alcohol consumption pattern at baseline and over 10-years. Different letters, a,b,c,d, 
indicate significant difference of means among four groups by Duncan test.
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sensitivity. Importantly, the IGI of the heavy alcohol consumption group was significantly lower than that of the 
other groups, despite their normal glucose concentrations, suggesting that heavy drinking is an important risk 
factor in Korean men.

Materials and Methods
Study Population.  The prospective, community-based Asan-Ansung Cohort Study has been described in 
detail previously28. The study is part of the Korean Genome and Epidemiology Study, a Korean government–
funded epidemiological survey of trends in chronic diseases. The baseline survey was undertaken in 2001–2002 
and follow-up examinations have been performed every 2 years. Data from 2001–2012 were included in this 
study. We used data from men aged 40–69 years who lived in urban Ansan or rural Ansung. Individuals with 
missing data regarding the incidence of T2D (n = 1507), and those with baseline T2D (n = 752) were excluded. 
About alcohol consumption, we excluded individuals who met at least one of the following criteria (n = 754); i) 
those who responded to <80% of follow-up questionnaires about alcohol consumption, ii) those who showed 
drastic changes in their alcohol consumption pattern during the follow-up (more than two level change in con-
secutive examines), iii) those who alcohol consumption information missing. A total of 1772 participants were 
included in this study. All participants provided written informed consent. Data were released from the National 
Biobank of Korea, the Centers for Disease Control and Prevention, Republic of Korea, and the study protocol was 
approved by the Korean National Institute of Health Institutional Review Board (2017-02-08-PE-A). All study 
protocols were carried out in accordance with approved guidelines.

Alcohol Consumption Measurement.  Information on alcohol consumption was collected at baseline and 
biennial follow-up examination by using an interview-based questionnaires. Participants were asked whether they 
had ever consumed at least 1 alcoholic drink every month, and if they had, they were asked whether they were 
former-drinkers or current-drinkers. In the case of current-drinkers, they were additionally asked to complete 
a questionnaire that inquired about the amount and frequency of alcohol consumed in the past 30 days. A total 
daily alcohol consumption was calculated using the average frequency, amount per occasion, and alcohol content 
of 1 standard drink. We classified the participants into four groups (non-drinking, <5 g/day, ≥5, <30 g/day,  
and ≥30 g/day) using baseline total daily alcohol consumption.

To better represent long-term alcohol consumption and to minimize the within-person variation, we created 
the pattern of alcohol consumption using a total daily alcohol consumption from baseline to before incidence of 
T2D. We classified the participants into four groups as follows: never-drinking, those who categorized ‘did not 
drink’ during the entire follow-up period; light, moderate, and heavy drinking, those who categorized ‘ <5 g/day’, 
‘≥5, <30 g/day’, and ‘≥30 g/day’ in more than 60% of their follow-up period, respectively. In case the participants 
categorized the different consumption groups at same rate, we classified them into a less consumption level group, 
for example, if someone categorized ‘≥5, <30 g/day’ two times and ‘≥30 g/day’ two times, then was categorized 
as moderate drinking group.

Incidence of Type 2 Diabetes.  We performed the oral glucose tolerance test (OGTT, 75 g) in all partici-
pants. And T2D was estimated using the OGTT at each follow-up assessment. Incident diabetes was defined as 
fasting glucose level >126 mg/dL or 2-h post-OGTT glucose level >200 mg/dL. In addition, participants who 
reported current therapy with antidiabetic medication and insulin administration were considered to have T2D. 
The participants were followed until the development of T2D or the last examination.

Potential Confounding Variables.  Information on age, family history of diabetes, and smoking 
(pack-years) was obtained using questionnaires administered during interviews. Body mass index (BMI) was 
calculated as weight (in kilograms) divided by height (in meters) squared. Information on physical activity was 
obtained using a survey with an open-question about the hours spent in a typical day at following levels of inten-
sity: low, medium, high. The amount of physical activity was classified as none or low, medium, and high inten-
sity exercise. Each type of exercise was defined as ≥30 min/day. The fasting plasma concentrations of glucose, 
total cholesterol, triglycerides (TG), high-density lipoprotein (HDL) cholesterol, and alanine and aspartate ami-
notransferases (ALT and AST, respectively) were measured using a Hitachi 747 chemistry analyzer (Hitachi Ltd., 
Tokyo, Japan) following the manufacturer’s recommendations. Insulin was measured with an immunoradiomet-
ric assay kit (INS-IRMA Kit; Biosource, Nivelles, Belgium) using a gamma counter system (Packard Instrument 
Company, Meriden, CT, USA).

Pancreatic β-cell function and insulin sensitivity were estimated using 75-g OGTTs. Plasma was obtained at 
0, 60, and 120 min after OGTT for measurement of plasma glucose and insulin concentrations. Plasma glucose 
concentrations were measured using the hexokinase method. Plasma insulin concentrations were measured as 
reported previously. The 60-min insulinogenic index (IGI60)29 was calculated using the following equation:

=
−

−

µ( )
( )
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60 0
U

mL

60 0
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insulin sensitivity was estimated using the OGTT (75 g) and Matsuda insulin sensitivity index (ISI) after 0, 60, 
and 120 min30. The ISI was calculated using the following equation:
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Statistical Analysis.  Descriptive statistics [means ± standard deviations and geometric means with 95% 
confidence intervals (CIs)] were calculated to present the characteristics of the study population according to 
alcohol consumption at baseline and over 10 years. Analysis of variance (ANOVA) was used for comparison of 
continuous variables. ANOVA (with Duncan’s post hoc test) was conducted to compare clinical characteristics 
according to alcohol consumption at baseline and over 10 years. Chi-square tests were used for categorical var-
iables. The IGI60 and ISI trajectories in the T2D and non-T2D groups were examined according to alcohol con-
sumption pattern over 10 years. Cox regression analyses were performed to examine the associations of incident 
T2D risk with alcohol consumption at baseline and over 10 years. The association of alcohol consumption pattern 
with incident T2D risk was estimated after adjusting for age, BMI, family history of diabetes, smoking, physical 
activity, total energy intake and IGI60. Normal variables with non-Gaussian distributions were subjected to log-
arithmic transformation. All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA). Statistical 
tests were two sided, and p values <0.05 were considered to indicate statistical significance.

References
	 1.	 Welfare, M. O. H. A. Korea Health Statics 2015: Korean National Health and Nutrition Examination Survey (KNHANES VI). 26 

(Centers for Disease Control and Prevention, 2016).
	 2.	 Baliunas, D. O. et al. Alcohol as a risk factor for type 2 diabetes: A systematic review and meta-analysis. Diabetes Care 32, 2123–2132 

(2009).
	 3.	 Schrieks, I. C., Heil, A. L., Hendriks, H. F., Mukamal, K. J. & Beulens, J. W. The effect of alcohol consumption on insulin sensitivity 

and glycemic status: a systematic review and meta-analysis of intervention studies. Diabetes Care 38, 723–732 (2015).
	 4.	 Zhang, S. W. et al. The Relationship between Alcohol Consumption and Incidence of Glycometabolic Abnormality in Middle-Aged 

and Elderly Chinese Men. Int J Endocrinol 1983702, doi:10.1155/2016/1983702 (2016).
	 5.	 Wannamethee, S. G., Camargo, C. A. Jr., Manson, J. E., Willett, W. C. & Rimm, E. B. Alcohol drinking patterns and risk of type 2 

diabetes mellitus among younger women. Arch Intern Med 163, 1329–1 (2003).
	 6.	 Ajani, U. A., Hennekens, C. H., Spelsberg, A. & Manson, J. E. Alcohol consumption and risk of type 2 diabetes mellitus among US 

male physicians. Arch Intern Med 160, 1025–1030 (2000).
	 7.	 Jee, S. H., Foong, A. W., Hur, N. W. & Samet, J. M. Smoking and risk for diabetes incidence and mortality in Korean men and women. 

Diabetes Care 33, 2567–2572 (2010).
	 8.	 Hu, F. B. et al. Diet, lifestyle, and the risk of type 2 diabetes mellitus in women. N Engl J Med 345, 790–797 (2001).
	 9.	 Zilkens, R. R. & Puddey, I. B. Alcohol and cardiovascular disease–more than one paradox to consider. Alcohol and type 2 

diabetes–another paradox? J Cardiovasc Risk 10, 25–30 (2003).
	10.	 Cordain, L. et al. Influence of moderate chronic wine consumption on insulin sensitivity and other correlates of syndrome X in 

moderately obese women. Metabolism 49, 1473–1478 (2000).
	11.	 Flanagan, D. E. et al. Alcohol consumption alters insulin secretion and cardiac autonomic activity. Eur J Clin Invest 32, 187–192 

(2002).
	12.	 Knott, C., Bell, S. & Britton, A. Alcohol Consumption and the Risk of Type 2 Diabetes: A Systematic Review and Dose-Response 

Meta-analysis of More Than 1.9 Million Individuals From 38 Observational Studies. Diabetes Care 38, 1804–1812 (2015).
	13.	 Tsumura, K. et al. Daily alcohol consumption and the risk of type 2 diabetes in Japanese men: the Osaka Health Survey. Diabetes 

Care 22, 1432–1437 (1999).
	14.	 Lee, D. H. et al. Gamma-glutamyltransferase and diabetes: a 4 year follow-up study. Diabetologia 46, 359–364 (2003).
	15.	 Waki, K. et al. Alcohol consumption and other risk factors for self-reported diabetes among middle-aged Japanese: a population-

based prospective study in the JPHC study cohort I. Diabet Med 22, 323–331 (2005).
	16.	 Watanabe, M. et al. Alcohol consumption and the risk of diabetes by body mass index levels in a cohort of 5,636 Japanese. Diabetes 

Res Clin Pract 57, 191–197 (2002).
	17.	 Joosten, M. M. et al. Changes in alcohol consumption and subsequent risk of type 2 diabetes in men. Diabetes 60, 74–79 (2011).
	18.	 Ohn, J. H. et al. 10-year trajectory of beta-cell function and insulin sensitivity in the development of type 2 diabetes: a community-

based prospective cohort study. Lancet Diabetes Endocrinol 4, 27–34 (2016).
	19.	 Morimoto, A. et al. Impact of impaired insulin secretion and insulin resistance on the incidence of type 2 diabetes mellitus in a 

Japanese population: the Saku study. Diabetologia 56, 1671–1679 (2013).
	20.	 Yoon, K. H. et al. Epidemic obesity and type 2 diabetes in Asia. Lancet 368, 1681–1688 (2006).
	21.	 Ikehara, S. et al. Age trajectories of glycaemic traits in non-diabetic South Asian and white individuals: the Whitehall II cohort study. 

Diabetologia 58, 534–542 (2015).
	22.	 Yoo, M. G., Kim, H. J., Jang, H. B., Lee, H. J. & Park, S. I. The Association between Alcohol Consumption and beta-Cell Function and 

Insulin Sensitivity in Korean Population. Int J Environ Res Public Health 13, 1133, doi:10.3390/ijerph13111133 (2016).
	23.	 Kim, J. Y. et al. Chronic alcohol consumption potentiates the development of diabetes through pancreatic beta-cell dysfunction. 

World J Biol Chem 6, 1–15 (2015).
	24.	 Majumder, S. & Chari, S. T. Chronic pancreatitis. Lancet 387, 1957–1966 (2016).
	25.	 Ramsey, M. L., Conwell, D. L. & Hart, P. A. Complications of Chronic Pancreatitis. Dig Dis Sci, doi:10.1007/s10620-017-4518-x 

[Epub ahead of print] (2017).
	26.	 Careyva, B. & Stello, B. Diabetes Mellitus: Management of Gastrointestinal Complications. Am Fam Physician 94, 980–986 (2016).
	27.	 Ewald, N. & Hardt, P. D. Diagnosis and treatment of diabetes mellitus in chronic pancreatitis. World J Gastroenterol 19, 7276–7281 

(2013).
	28.	 Kim, Y., Han, B. G. & Ko, G. E. S. G. Cohort Profile: The Korean Genome and Epidemiology Study (KoGES) Consortium. Int J 

Epidemiol 1–10 (2016).
	29.	 Matthews, D. R. et al. Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and 

insulin concentrations in man. Diabetologia 28, 412–419 (1985).
	30.	 Matsuda, M. & DeFronzo, R. A. Insulin sensitivity indices obtained from oral glucose tolerance testing: comparison with the 

euglycemic insulin clamp. Diabetes Care 22, 1462–1470 (1999).

Acknowledgements
This work was supported by grants from the Korea National Institute of Health (2017-NI64001-00). This study 
was performed using data from the Korean Genome Analysis Project (4845-301), the Korean Genome and 
Epidemiology Study (4851-302), and the Korean Biobank Project (4851-307, KBP-2017-016) supported by the 
Korean Center for Disease Control and Prevention.

http://dx.doi.org/10.1155/2016/1983702
http://dx.doi.org/10.3390/ijerph13111133
http://dx.doi.org/10.1007/s10620-017-4518-x


www.nature.com/scientificreports/

7Scientific REPOrts | 7: 7322  | DOI:10.1038/s41598-017-07549-2

Author Contributions
M.-G.Y. performed statistical analysis and wrote the manuscript. D.-Y.L. wrote and reviewed/edited the 
manuscript. H.B.J. and H.-J.K. contributed the discussion and reviewed/edited the manuscript. S.I.P. and J.-H.K. 
contributed to discussion and H.-J.L. conceived and designed the research.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-07549-2
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1038/s41598-017-07549-2
http://creativecommons.org/licenses/by/4.0/

	Association between alcohol consumption pattern and the incidence risk of type 2 diabetes in Korean men: A 12-years follow- ...
	Results

	Discussion

	Study Strengths and Weaknesses. 

	Conclusions

	Materials and Methods

	Study Population. 
	Alcohol Consumption Measurement. 
	Incidence of Type 2 Diabetes. 
	Potential Confounding Variables. 
	Statistical Analysis. 

	Acknowledgements

	Figure 1 Kaplan-Meier curve of the incidence of type 2 diabetes by alcohol consumption pattern.
	Figure 2 The associations between alcohol consumption pattern and (A) insulin secretion capacity (IGI60) and (B) insulin sensitivity (ISI) at the end point of follow-up.
	Table 1 Baseline characteristics of participants (alcohol consumption pattern categorization).
	Table 2 Association between alcohol consumption at baseline and 12-year incidence of type 2 diabetes.
	Table 3 Association between alcohol consumption pattern during follow-up period and 12-year incidence of type 2 diabetes.




