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ABSTRACT
Aims/Introduction: A low insulin secretion capacity has been implicated in the high
prevalence of non-obese diabetes in East Asians. As alcohol consumption alters insulin
and glucose metabolism, we tested the hypothesis that alcohol consumption contributes
to impaired insulin secretion and glucose intolerance in lean/normal-weight non-diabetic
Japanese men.
Materials and Methods: This cross-sectional study was undertaken among the resi-
dents of Shika town, Japan, between 2011 and 2017. A total of 402 non-diabetic men,
including participants with normal fasting plasma glucose (FPG) and impaired FPG (FPG
5.6–6.9 mmol/L), and aged ≥40 years, were examined. FPG, the homeostasis model assess-
ment of insulin secretion capacity (HOMA-B) and alcohol consumption were evaluated
and compared between the body mass index (BMI) <25 and BMI ≥25 groups.
Results: HOMA-B levels were lower in the BMI <25 group than in the BMI ≥25 group.
Alcohol consumption correlated with a low HOMA-B level regardless of BMI, and, thus,
the HOMA-B levels of alcohol drinkers were significantly lower in the BMI <25 group. A
multivariable logistic regression analysis showed that alcohol consumption, even light-to-
moderate consumption (1–25 g/day), was associated with significantly low levels of
HOMA-B and impaired FPG in the BMI <25 group. Among participants with impaired FPG,
a low level of HOMA-B was observed in alcohol drinkers, but not in non-drinkers. In con-
trast, light-to-moderate alcohol consumption was not related to HOMA-B or FPG in the
BMI ≥25-group.
Conclusion: Alcohol consumption, even a small amount, might contribute to reduc-
tions in HOMA-B levels and impaired FPG in lean/normal-weight Japanese men.

INTRODUCTION
In the past two decades, alcohol consumption per capita has
increased as a result of economic growth in many lower-middle
income countries, including Asian countries1. In contrast, alco-
hol consumption has decreased in western European countries,
Korea and Japan1. Although changes in alcohol consumption
vary among countries, the prevalence of type 2 diabetes

mellitus has markedly increased worldwide. Many studies have
investigated the relationship between alcohol consumption and
type 2 diabetes mellitus2–13. However, it currently remains
unclear whether alcohol consumption increases or decreases the
risk of type 2 diabetes mellitus.
Previous epidemiological studies reported that moderate alco-

hol consumption is a protective factor against the development
of type 2 diabetes mellitus2,3. The beneficial effects of moderate
alcohol consumption on glucose metabolism have been pro-
posed as one of the main explanations for this relationship. AReceived 15 January 2020; revised 28 July 2020; accepted 3 September 2020
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negative relationship was shown between alcohol consumption
and insulin secretion, suggesting that insulin resistance is
decreased by alcohol consumption4,5. In contrast, alcohol and
its metabolites have been shown to induce abnormal reductions
in insulin secretion and dysfunction in pancreatic b-cells6–10.
Furthermore, some studies carried out in East Asian countries
did not observe risk reductions in the development of type 2
diabetes mellitus with moderate alcohol consumption11–13.
A low insulin secretory capacity is a characteristic of glucose

metabolism in East Asians14,15. The prevalence of obesity is
markedly lower in these countries than in Western countries,
because insulin is the principal hormone regulating not only
glucose metabolism, but also fatty acid metabolism and body
fat accumulation. Obesity is a key risk factor for the develop-
ment of impaired glucose tolerance and type 2 diabetes melli-
tus. However, the International Diabetes Federation reported
that approximately 55% of diabetes patients are Asian. In
Japan, 63.9% of diabetes patients are neither obese nor over-
weight16. A low insulin secretory capacity has been implicated
in the high prevalence of non-obese diabetes in lean/normal-
weight East Asians14,15.
We hypothesized that alcohol consumption impairs insulin

secretion and results in glucose intolerance in lean/normal-
weight East Asians. We examined the relationships between
alcohol consumption and fasting plasma glucose (FPG), gly-
cated hemoglobin (HbA1c), insulin resistance and insulin secre-
tory capacity in non-diabetic Japanese men, and compared
these relationships between BMI groups.

METHODS
Study design and participants
The Shika cohort study has been carried out among the resi-
dents of Shika town, Japan, since 2011. This cross-sectional
study was carried out using data from the Shika study. Shika
town, a coastal suburb town, located in the middle of the
Noto peninsula, Ishikawa prefecture, Japan, and its population
in 2015 was 21,666. The study enrollment procedure is out-
lined in Figure 1. All 5,013 residents aged ≥40 years and liv-
ing in four specific elementary school districts of Shika town
were targeted for the Shika study. Questionnaires were sent
between 2011 and 2015, and 4,259 were answered and
returned. Comprehensive medical examinations were called
for 4,259 participants; 1,191 were voluntary collaborators and
underwent a medical examination between 2013 and 2017,
whereas 3,068 did not. A total of 789 participants were
excluded for the following reasons: women (n = 632), incom-
plete questionnaire and examination data (n = 35), having
diabetes mellitus (receiving medical treatment for diabetes
mellitus, FPG ≥7.0 mmol/L and/or HbA1c ≥6.6%; n = 87),
and receiving medication for cardiovascular disease (n = 14),
cerebrovascular disease (n = 6), cancer (n = 12), hepatobiliary
disease (n = 2) and end-stage chronic renal failure (n = 1).
The details of the Shika study have been described previ-
ously16. The study protocol was designed in accordance with
the Declaration of Helsinki and was approved by the institu-
tional review board of Kanazawa University (No. 1491, 18
December 2013).

All participants 
n = 5013 

n = 3,068 participants did not undergo a medical examination 

n = 754 participants did not return the questionnaire  

Participants 
n = 1191 

n = 632 participants were female 

n = 35 participants were excluded for the following reason
cardiovascular disease (n = 14) 
cerebrovascular disease (n = 6) 
cancer (n = 12) 
hepatic cirrhosis (n = 2) 
chronic renal failure (n = 1)  

Male 
participants 

n = 87 participants were diagnosed diabetes
   diabetes medication (n = 59) 
   FPG ≥ 126 mg/dL (n = 10) 
   HbA1c ≥ 6.6% (n = 18)

n = 35 participant’s data were missing

Analyzed 
n = 402 

Figure 1 | Flowchart for the recruitment of the participants.
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Measurements
All measurements were carried out at the comprehensive medi-
cal examination. To measure FPG, insulin, triglycerides and
cholesterols, blood samples were collected from the antecubital
vein after an overnight fast and analyzed within 24 h. These
blood tests were outsourced to SRL, Inc. (Tokyo, Japan).
Fasting plasma glucose was measured by the hexokinase

method using an ultraviolet spectrophotometer, whereas insulin
levels were measured by using a chemiluminescent immunoas-
say. The latex aggregation immunoassay measured HbA1c
levels. For preventing diabetes, the Japan Diabetes Society
guidelines recommend considering FPG >5.55 mmol/L as “a
group with a high risk for developing diabetes mellitus in the
future” and HbA1c >6.0% as “suspected diabetes mellitus can-
not be excluded.” Therefore, we used the cut-off point of FPG
and HbA1c on 5.6 mmol/L and HbA1c 6.0%, respectively.
Homeostasis model assessments (HOMA) were used to eval-

uate insulin resistance (HOMA-IR) and b-cell function
(HOMA-B). A detailed calculation was carried out using the
following formula: HOMA-IR = fasting plasma glucose (mmol/
L) 9 fasting serum insulin (mU/L) / 22.5, HOMA-
B = 20 9 fasting serum insulin (mU/L) / (fasting plasma glu-
cose [mmol/L] - 3.5)17.
Total cholesterol, high-density lipoprotein cholesterol and

triglycerides concentrations were measured by the cholesterol
esterase–cholesterol oxidase–peroxidase method, the direct mea-
surement method using polyethylene glycol-modified enzymes
and sulfated alpha-cyclodextrin, and the glycerol kinase–glyc-
erol-3-phosphate method, including the endogenous glycerol-
eliminating step, respectively. These measurements of FPG,
insulin, triglycerides and cholesterols were outsourced to SRL,
Inc. low-density lipoprotein cholesterol was calculated using the
Friedewald equation. It was not possible to estimate low-density
lipoprotein cholesterol concentrations for seven participants
with excessively high triglycerides values (≥140 mg/dL), and,
thus, they were excluded from the corresponding multivariable
analyses. Blood pressure was measured twice consecutively
using the right upper arm with an automated digital sphygmo-
manometer based on the oscillometric method using a suitably
sized cuff attached to UM-15P (Parama-tech Co., Ltd.,
Fukuoka, Japan) and HEM-907 (OMRON Co., Ltd., Kyoto,
Japan), an automated digital sphygmomanometer based on the
oscillometric method.

Alcohol consumption
Alcohol consumption was estimated using a brief self-adminis-
tered diet history questionnaire (BDHQ). The BDHQ is a brief
version of the diet history questionnaire that asks individuals
about the consumption frequency and amount of Japanese
sake, beer, wine, whiskey, and brandy, which are commonly
consumed in Japan. Estimated alcohol consumption was calcu-
lated using an ad hoc computer algorithm, which included
weighting factors for the BDHQ. The reproducibility and valid-
ity of the BDHQ have already been shown18.

The median amount of alcohol consumption among alcohol
drinkers was 25 g/day. Alcohol consumption was analyzed in
the following groups: non-drinkers, <1 g/day, light-to-moderate
drinkers, 1–25 g/day; and intensive drinkers, ≥25 g/day.

Other variables
BMI was calculated as current bodyweight (kg) divided by the
square of body height (m). Participants were grouped into two
categories: lean/normal-weight (BMI <24.9) and overweight/
obese (BMI of ≥25).
Self-administered questionnaires were used to assess other

variables. The habit of smoking was classified into two groups
based on whether participants were current smokers. The fre-
quency of exercise was categorized into two groups according
to answers to the following questions: “How often do you exer-
cise per week?”. When they replied ≥30 min every time and ≥5
times/week, they were considered to have a regular exercise
habit.

Statistical analysis
All participants were allocated to BMI groups (<25 group and
≥25 group) and alcohol consumption groups (non-, light-to-
moderate and intensive drinkers). An analysis of covariance
and the Bonferroni post-hoc test were used to compare the
averages of continuous variables among alcohol consumption
groups. A simple linear regression analysis of variance (two-
way ANOVA) was used to examine differences in glucose meta-
bolism indices between the BMI groups and alcohol drinker
groups. The odds ratio (OR) and 95% confidence interval (CI)
for impaired FPG were analyzed according to alcohol con-
sumption and BMI using a multivariate logistic regression anal-
ysis. Data were adjusted for age, BMI, family history of
diabetes, current smoking, regular exercise, antihypertensive
medication use and antihyperlipidemic medication use. All
analyses were conducted using IBM SPSS Statistics version 25.0
(IBM Corp., Armonk, NY, USA). The significance of differ-
ences was set at P < 0.05 for all analyses.

RESULTS
The prevalence of participants who were non-, light-to-moder-
ate and intensive alcohol drinkers was not significantly different
between the BMI <25 and BMI ≥25 groups (Table 1). No sig-
nificant differences were observed in age, BMI, waist circumfer-
ence, family history of diabetes, current smoking habit, regular
exercise habit or C-reactive protein among drinking groups at
either BMI. In the BMI <25 group, systolic blood pressure,
diastolic blood pressure and high-density lipoprotein cholesterol
were higher, whereas low-density lipoprotein cholesterol was
lower in intensive drinkers than in non-drinkers. In the BMI
≥25 group, triglyceride levels were higher in intensive drinkers
than in non-drinkers.
Light-to-moderate and intensive drinkers had slightly, but

significantly, higher FPG and lower HOMA-B levels than non-
drinkers in the BMI <25-group, even after adjustments for age,
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BMI, a family history of diabetes, current smoking, regular
exercise, antihypertensive medication use and antihyperlipi-
demic medication use (Table 2). However, in the BMI ≥25-
group, higher FPG and lower HOMA-B levels were observed
in intensive drinkers only. Light-to-moderate drinkers in the
BMI ≥25-group had lower HbA1c and HOMA-IR levels than
non-drinkers.
A multivariable logistic regression analysis was carried out to

calculate the OR and 95% CI of impaired FPG, HbA1c, low
insulin secretion capacity and insulin resistance according to
alcohol consumption (Table 3). Using non-drinkers as a refer-
ence, light-to-moderate and intensive alcohol consumption was
positively associated with impaired FPG (≥5.6 mmol/L) and an
abnormally low level of HOMA-B (<40) in the BMI <25-group,
even after adjustments for confounders. However, no relation-
ships were observed between light-to-moderate alcohol con-
sumption and impaired FPG and HOMA-B levels in the BMI
≥25 group. Light-to-moderate alcohol consumption was nega-
tively associated with HbA1c in the BMI ≥25-group. Significant
interactions were observed between BMI and alcohol consump-
tion in terms of FPG, HOMA-B and HbA1c levels. Therefore,
BMI appears to play an essential role in the relationship
between alcohol consumption and glucose and insulin metabo-
lism.
We investigated the impact of alcohol consumption on the

relationship between FPG and insulin secretion in each BMI
group (Table 4). Among non-drinkers in both BMI groups,
fasting insulin levels were markedly higher in participants with

impaired FPG than in those with normal FPG, resulting in no
significant difference in HOMA-B levels between participants
with impaired FPG and normal FPG. During the early stage of
impaired glucose tolerance, increased insulin secretion might be
a compensatory response to maintain FPG levels within the
non-diabetic range. However, among alcohol drinkers in the
BMI <25-group, fasting insulin was similar between participants
with and without impaired FPG, resulting in HOMA-B being
significantly lower in participants with impaired FPG. These
results suggest that alcohol consumption, including light-to-
moderate consumption, suppresses compensatory insulin secre-
tion accompanying increasing FPG in the BMI <25-group.

DISCUSSION
In the present study, alcohol consumption correlated with a
low HOMA-B level regardless of BMI. In the BMI <25-group,
even light-to-moderate alcohol consumption was significantly
associated with an abnormally low level of HOMA-B and
impaired FPG. Increases in basal insulin secretion by elevated
FPG, a compensatory response to maintain normal FPG, is
common in impaired FPG. However, alcohol consumption
appeared to suppress compensatory insulin secretion in partici-
pants with impaired FPG. In contrast, light-to-moderate alcohol
consumption was associated with low levels of HbA1c and
HOMA-IR, but not HOMA-B or FPG in the BMI ≥25 group.
A low insulin secretion capacity is common and has been

implicated in the high prevalence of non-obese diabetes in East
Asians14,15. Epidemiological studies and meta-analyses of

Table 1 | Characteristics of participants according to body mass index and alcohol consumption in men

BMI <25 kg/m2 (n = 277) BMI ≥25 kg/m2 (n = 125)

Non-drinker Light-to-
moderate
drinker

Intensive
drinker

P-value Non-drinker Light-to-
moderate
drinker

Intensive
drinker

P-value

Participants, n (%) 63 (22.7) 109 (39.4) 105 (37.9) 35 (28.0) 47 (37.6) 43 (34.4)
Age (years) 62.9 – 11.9 61.5 – 10.9 59.0 – 10.6 NS 57.3 – 12.6 60.7 – 12.0 60.8 – 9.7 NS
Family history of diabetes, n (%) 5 (7.9) 4 (3.7) 12 (11.4) NS 5 (14.3) 7 (14.9) 6 (12.8) NS
BMI (kg/m2) 22.3 – 2.0 22.4 – 1.8 22.4 – 1.8 NS 27.7 – 2.6 27.3 – 2.1 27.0 – 1.8 NS
Waist circumference (cm) 80.5 – 6.6 82.0 – 6.2 82.0 – 5.4 NS 93.7 – 8.0 94.3 – 6.0 93.0 – 5.7 NS
Current smoking, n (%) 19 (30.2) 32 (29.3) 41 (39.0) NS 8 (22.9) 12 (25.5) 16 (37.3) NS
Regular exercise (yes) 13 (20.6) 25 (22.9) 24 (22.9) NS 8 (22.9) 13 (27.7) 10 (23.3) NS
Systolic BP (mmHg) 134 – 18 141 – 19* 140 – 19* <0.05 144 – 17 143 – 20 145 – 19 NS
Diastolic BP (mmHg) 79 – 12 82 – 12 84 – 11* NS 88 – 11 87 – 10 85 – 14 NS
Triglycerides (mmol/L) 1.24 – 0.73 1.47 – 0.97 1.31 – 0.82 NS 1.59 – 0.80 1.67 – 0.68 2.13 – 1.28* <0.05
Total cholesterol (mmol/L) 5.43 – 0.95 5.34 – 0.85 5.35 – 0.79 NS 5.49 – 0.70 5.67 – 0.81 5.47 – 0.84 NS
HDL cholesterol (mmol/L) 1.53 – 0.36 1.58 – 0.41 1.76 – 0.41**,†† <0.001 1.32 – 0.31 1.42 – 0.26 1.45 – 0.39 NS
LDL cholesterol (mmol/L) 3.28 – 0.83 3.21 – 0.75 2.97 – 0.75* <0.05 3.52 – 0.78 3.44 – 0.70 3.21 – 0.83 NS
CRP (mg/dL) 0.11 – 0.27 0.22 – 0.96 0.09 – 0.11 NS 0.09 – 0.08 0.10 – 0.08 0.12 – 0.15 NS
Alcohol consumption (g/day) 0.0 12.6 – 7.9** 48.4 – 20.7**,†† <0.001 0.0 11.8 – 6.6** 48.7 – 21.0**,†† <0.001

Data are n (%) or mean – standard deviation. The amount of alcohol consumption in light-to-moderate drinkers and intensive drinkers were <25
and ≥25 g/day, respectively. P-values were calculated by the v2-test or analysis of variance (ANOVA) and the Bonferroni post-hoc test. BP, blood pres-
sure; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NS, not significant. *P < 0.05. **P < 0.01 versus non-drinker
of same body mass index (BMI) group. †P < 0.05. ††P < 0.01 versus light to moderate drinker of same BMI group.
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interventional studies reported that alcohol consumption is
associated with low levels of insulin secretion and B-cell dys-
function6–8. Furthermore, in an animal study, chronic ethanol
exposure was associated with significant apoptotic B-cell death
and reductions in insulin secretion as a result of the induction
of pancreatic inflammation and oxidative stress9,10. The present
results are consistent with these findings. Alcohol consumption
was associated with reductions in HOMA-B levels regardless of
BMI, and, thus, the HOMA-B levels of alcohol drinkers were
very low in normal-weight men who might naturally have a
low insulin secretion capacity.
Waki et al.12 previously carried out a cohort study of 12,913

Japanese men for 10 years, and concluded that moderate alco-
hol intake was positively associated with the incidence of type 2
diabetes mellitus in lean/normal-weight men (BMI ≤22 kg/m2).
A recent study carried out in Korea showed that alcohol con-
sumption elevated FPG and the risk of type 2 diabetes mellitus
by further reducing HOMA-B levels in participants with a high
genetic risk score for an impaired insulin secretory capacity8. In
the present study, alcohol consumption was associated with
abnormally low HOMA-B levels and impaired FPG in the BMI
<25 group. Therefore, alcohol-induced insulin reductions might
be more severe in lean/normal-weight individuals than in obese
individuals because of their naturally low insulin secretion
capacity.

Epidemiological studies in East Asian countries reported that
alcohol consumption was associated with an increase in FPG in
the non-diabetes population6,19; however, alcohol consumption
did not increase FPG in white people20. The mechanisms
responsible for increases in FPG by alcohol consumption in
East Asians have not yet been elucidated. However, several
mechanisms might explain alcohol-associated increases in FPG.
In the fasting state, insulin suppresses hepatic gluconeogenesis
and FPG by its direct effects on the liver, and by suppressing
glucagon secretion21,22. Therefore, the reduced basal secretion
of insulin might be causal for impaired FPG in alcohol drin-
kers. Furthermore, a solution of starch with alcohol has been
shown to produce higher postprandial plasma glucose levels
than the same solution without alcohol23. In Japan and other
East Asian countries, the consumption of staple food, namely, a
carbohydrate, such as rice or noodles, after drinking alcohol is
one of the popular eating habits of adults, and might contribute
to the impact of alcohol on glucose metabolism. Additionally,
genetic factors might cause higher FPG in Asian alcohol drin-
kers. Aldehyde dehydrogenase variants have been reported as a
polymorphism that is mainly observed in East Asian popula-
tions and associated with alcohol-related diseases or risk factors
in a number of Asian population studies24,25. A study of 1,819
Japanese individuals without diabetes showed that FPG was
positively associated with alcohol consumption in men with the

Table 2 | Crude and multivariate-adjusted mean values of insulin, glucose, homeostasis model assessment of insulin secretion capacity and
homeostasis model assessment of insulin resistance according to body mass index and alcohol intake group

BMI <25 kg/m2 (n = 277) BMI ≥25 kg/m2 (n = 125)

Non-drinker Light-to-moderate
drinker

Intensive
drinker

P-value Non-drinker Light-to-moderate
drinker

Intensive
drinker

P-value

FPG (mmol/L)
Crude 4.98 – 0.06 5.18 – 0.05** 5.17 – 0.05* <0.05 5.17 – 0.09 5.18 – 0.08 5.56 – 0.08**,†† <0.005
Adjusted 4.92 – 0.07 5.20 – 0.05** 5.17 – 0.05** <0.01 5.23 – 0.09 5.16 – 0.07 5.53 – 0.08*,† <0.005

HbA1c (%)
Crude 5.78 – 0.04 5.70 – 0.03 5.66 – 0.03 NS 5.87 – 0.06 5.74 – 0.05 5.82 – 0.05 NS
Adjusted 5.79 – 0.04 5.68 – 0.04 5.67 – 0.03 NS 5.89 – 0.06 5.73 – 0.05* 5.81 – 0.05 <0.05

Fasting insulin (lU/mL)
Crude 4.66 – 0.35 4.57 – 0.26 3.66 – 0.27†,* <0.05 8.40 – 0.71 6.66 – 0.62 6.80 – 0.64 NS
Adjusted 4.61 – 0.32 4.25 – 0.24 4.05 – 0.25†,* <0.05 8.03 – 0.69 6.71 – 0.59 7.06 – 0.61 NS

HOMA-B
Crude 63.2 – 4.3 54.5 – 3.4* 44.7 – 3.4†,** <0.005 99.9 – 7.8 82.8 – 6.8 68.5 – 7.1** <0.05
Adjusted 66.0 – 4.0 48.6 – 3.2* 43.4 – 3.2†,** <0.001 91.9 – 7.3 84.0 – 6.3 73.0 – 6.6 NS

HOMA-IR
Crude 1.02 – 0.08 1.05 – 0.06 0.83 – 0.06† <0.05 1.99 – 0.18 1.56 – 0.16* 1.71 – 0.17 <0.05
Adjusted 1.03 – 0.08 1.03 – 0.06 0.84 – 0.07† NS 1.93 – 0.18 1.57 – 0.15 1.75 – 0.16 NS

Data are n (%) or mean – standard error. The amount of alcohol intake in light to moderate drinker and intensive drinker were <25 and ≥25 g/
day, respectively. P-values are calculated by analysis of variance (ANOVA) and the Bonferroni post-hoc test. Values were adjusted for age, body mass
index (BMI), family history of diabetes, current smoking, regular exercise, antihypertensive medication use and antihyperlipidemic medication use.
FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HOMA-B, homeostasis model assessment of insulin secretion capacity; HOMA-IR, home-
ostasis model assessment of insulin resistance; NS, not significant. *P < 0.05. **P < 0.01 versus non-drinker of same BMI group. †P < 0.05.
††P < 0.01 versus moderate drinker of same BMI group.
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ALDH2 504 Lys allele, but not in those with the ALDH2 504
Glu/Glu genotype26. These mechanisms might be involved in
the alcohol-associated increases in FPG observed in East
Asians.

In contrast to elevated FPG in the BMI <25 group, light-to-
moderate alcohol consumption was associated with lower
HbA1c and lower HOMA-IR in the BMI ≥25 group (Table 2).
Previous studies reported that moderate alcohol consumption is

Table 3 | Odds ratios of alcohol drinkers to predict the risk of impaired fasting plasma glucose (≥5.6 mmol/L), glycated hemoglobin (>6.0%),
homeostasis model assessment of insulin secretion capacity (<40) and homeostasis model assessment of insulin resistance (≥1.6) in both body
mass index groups

BMI <25 kg/m2 (n = 277) BMI ≥25 kg/m2 (n = 125) P-value for
interaction
between BMI
and alcohol
groups

Non-drinker Light-to-moderate
drinker

Intensive drinker Non-drinker Light-to-moderate
drinker

Intensive drinker

FPG ≥5.6 mmol/L
Model 1 1 2.545 (1.007–6.428)* 3.132 (1.240–7.911)* 1 0.721 (0.230–2.257) 2.183 (0.746–6.338) 0.005
Model 2 1 2.598 (1.019–6.622)* 2.907 (1.138–7.426)* 1 0.501 (0.144–1.747) 1.223 (0.368–4.063) 0.009

HbA1c ≥6.0%
Model 1 1 0.470 (0.197–1.121) 0.557 (0.237–1.307) 1 0.116 (0.029–0.472)** 0.725 (0.274–1.916) 0.007
Model 2 1 0.406 (0.155–1.100) 0.572 (0.243–1.505) 1 0.109 (0.019–0.630)** 1.024 (0.271–3.870) 0.048

HOMA-B <40
Model 1 1 2.318 (1.002–5.332)* 2.944 (1.229–6.688)* 1 4.023 (0.431–37.54) 9.967 (1.135–87.52)* 0.013
Model 2 1 2.345 (1.006–5.521)* 2.712 (1.016–6.397)* 1 4.314 (0.412–45.18) 7.538 (0.752–75.54) 0.024

HOMA-IR ≥1.6
Model 1 1 1.443 (0.488–4.268) 0.521 (0.150–1.805) 1 0.408 (0.227–1.828) 0.998 (0.357–2.789) 0.24
Model 2 1 1.338 (0.449–3.990) 0.517 (0.149–1.799) 1 0.526 (0.172–1.608) 0.836 (0.267–2.615) 0.86

The amount of alcohol consumption in light to moderate drinker and intensive drinker were <25 and ≥25 g/day, respectively. Model 1: adjusted
for age and body mass index (BMI); model 2: adjusted for age, BMI, family history of diabetes, current smoking, regular exercise, antihypertensive
medication use and antihyperlipidemic medication use. FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HOMA-B, homeostasis model
assessment of insulin secretion capacity; HOMA-IR, homeostasis model assessment of insulin resistance. *P < 0.05. **P < 0.01.

Table 4 | Comparison of homeostasis model assessment of insulin secretion capacity and homeostasis model assessment of insulin resistance
among alcohol consumption groups in participants with impaired fasting plasma glucose (5.6–6.9 mmol/L)

BMI <25 kg/m2 (n = 277) BMI ≥25 kg/m2 (n = 125)

Non-Drinker Light-to-Moderate
drinker

Intensive
drinker

P-value Non-drinker Light-to-Moderate
drinker

Intensive
drinker

P-value

No. participants
FPG <5.6 mmol/L 56 83 77 26 36 24
FPG ≥5.6 mmol/L 7 26 28 9 11 19

Fasting insulin level
FPG <5.6 mmol/L 4.34 – 2.28 4.46 – 3.08 3.34 – 1.81* <0.05 7.46 – 3.40 6.51 – 3.84 6.08 – 2.83 0.39
FPG ≥5.6 mmol/L 7.11 – 5.50 4.93 – 3.04 4.56 – 2.95 0.21 11.12 – 7.38 7.14 – 3.42 7.70 – 4.60 0.18

HOMA-B
FPG <5.6 mmol/L 63.3 – 39.0 58.9 – 40.5 47.8 – 23.8* <0.05 101.5 – 55.4 80.2 – 55.9 75.7 – 34.5 0.18
FPG ≥5.6 mmol/L 62.3 – 43.3 40.9 – 25.1*,† 36.1 – 17.4*,† <0.05 91.6 – 63.0 59.0 – 29.1 59.8 – 34.7 0.14

HOMA-IR
FPG <5.6 mmol/L 0.91 – 0.46 0.97 – 0.68 0.74 – 0.43 0.068 1.66 – 0.93 1.45 – 0.88 1.40 – 0.69 0.50
FPG ≥5.6 mmol/L 1.83 – 1.48 1.27 – 0.82 1.08 – 0.59† 0.12 2.94 – 1.93 1.89 – 0.96 2.09 – 1.28 0.21

Data are mean – standard deviation. The amount of alcohol consumption in light-to-moderate drinkers and intensive drinkers were <25 and
≥25 g/day, respectively. P-values were calculated by analysis of variance (ANOVA) and the Bonferroni post-hoc test. FPG, fasting plasma glucose;
HOMA-B, homeostasis model assessment of insulin secretion capacity; HOMA-IR, homeostasis model assessment of insulin resistance. *P < 0.05 ver-
sus non-drinker of same fasting plasma glucose (FPG) group. †P < 0.05 versus FPG <100 mg/day of same alcohol group in each body mass index
(BMI).
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a risk reduction factor for type 2 diabetes mellitus due to the
beneficial effects of alcohol on insulin resistance27,28. Adipokines
and inflammation factors play key roles in the development of
insulin resistance29. Excess adipose tissue, particularly visceral
fat, produces high levels of adipokines, which promote insulin
resistance, whereas the expression of factors that prevent insulin
resistance, such as adiponectin, is decreased30. A previous study
showed that adiponectin messenger ribonucleic acid levels in
obese mice were approximately 2.9-fold higher in the alcohol-
consuming group than in the water-consuming group, but were
1.8-fold higher in non-obese mice31. The decreases induced in
insulin resistance and HbA1c by alcohol consumption might be
associated with a marked increase in systemic adiponectin levels
in obese individuals.
There were some limitations to the present study that need to be

addressed. Due to the cross-sectional nature of this study, causal
inference cannot be reached. Furthermore, the number of partici-
pants was not sufficiently large to elucidate any relationships.
Additionally, we did not obtain results for women because of the
small number of alcohol drinkers among women in Shika town;
women accounted for 28.8% of alcohol drinkers and men 75.7%.
As we categorized participants into three alcohol consumption
groups based on a self-reported questionnaire, we cannot deny the
misclassification of actual drinking patterns.
Alcohol consumption, even a small amount, might contribute

to reductions in the fasting insulin secretion capacity and
impaired FPG in lean/normal-weight non-diabetic Japanese
men. Body size appears to play an essential role in the relation-
ship between light-to-moderate alcohol consumption and fast-
ing glucose and insulin metabolism. Further studies are
required to clarify whether the reductions induced in HOMA-B
and impaired FPG by light-to-moderate alcohol consumption
lead to the development of type 2 diabetes mellitus in lean/nor-
mal-weight East Asians.
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