Open access

BM) Open
Diabetes

Research
& Care

To cite: Okamura T,

Hashimoto Y, Hamaguchi M,

et al. Effect of alcohol
consumption and the presence
of fatty liver on the risk for
incident type 2 diabetes: a
population-based longitudinal
study. BMJ Open Diab Res Care
2020;8:001629. doi:10.1136/
bmjdrc-2020-001629

» Additional material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjdrc-2020-001629).

Received 1 June 2020
Revised 28 July 2020
Accepted 4 August 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

"Department of Endocrinology
and Metabolism, Kyoto
Prefectural University of
Medicine, Kyoto, Japan
%Department of
Gastroenterology, Asahi
University Murakami Memorial
Hospital, Gifu, Japan

Correspondence to
Dr Masahide Hamaguchi;
mhama@koto.kpu-m.ac.jp

Original research

Effect of alcohol consumption and the
presence of fatty liver on the risk for
incident type 2 diabetes: a population-
based longitudinal study

Takuro Okamura

,! Yoshitaka Hashimoto

,' Masahide Hamaguchi @ ,

Akihiro Obora,? Takao Kojima,? Michiaki Fukui'

ABSTRACT

Introduction Both fatty liver disease (FLD) and alcohol
consumption have been reported to affect incident type 2
diabetes mellitus. The aim of this study was to evaluate
the combined effect of FLD and alcohol consumption on
incident type 2 diabetes.

Research design and methods In this historical

cohort study involving 9948 men, we investigated the
influence of the presence of FLD and the grades of
alcohol consumption on incident type 2 diabetes using
Cox proportional hazards models. We categorized the
participants into the following four groups: none or
minimal alcohol consumption, <40 g/week; light, 40-140
g/week; moderate, 140-280 g/week; or heavy alcohol
consumption, >280 g/week. FLD was diagnosed by
abdominal ultrasonography.

Results During the median 6.0-year follow-up, 568
participants developed type 2 diabetes. Heavy alcohol
consumers with FLD showed a higher risk for developing
type 2 diabetes compared with the other groups. Moderate
alcohol consumers without FLD had a significantly higher
risk for developing incident type 2 diabetes, compared with
none or minimal and light alcohol consumers without FLD.
In contrast, there was no apparent difference in the risk for
incident type 2 diabetes between none or minimal, light,
and moderate alcohol consumers with FLD. Furthermore,
there was no statistically significant difference in the

risk for incident type 2 diabetes between a moderate

and heavy alcohol consumer without FLD and a none or
minimal, light, and moderate alcohol consumer with FLD.
Conclusions To prevent incident type 2 diabetes,

we should acknowledge that the impact of alcohol
consumption may vary in the presence of FLD.

INTRODUCTION

The cases of type 2 diabetes mellitus in Japan
have been increasing after World War 11" 2
The estimated annual healthcare for patients
with diabetes mellitus cost $37 billion in Japan
in 2014, ranking the country seventh in the
world for total cases.® Hence, the prevention,
as well as treatment of type 2 diabetes, is of
importance. Ectopic fat is extra adipose tissue
in locations which is not associated initially
with adipose tissue storage.* Furthermore,

Significance of this study

What is already known about this subject?

» Alcohol is the cause of type 2 diabetes and fatty liver
disease (FLD), and there is a U-shaped correlation
between alcohol consumption and diabetes risk.

What are the new findings?

» Moderate alcohol consumers without FLD were
associated with a risk for incident type 2 diabetes
compared with none or minimal, or light alcohol con-
sumers with FLD.

» None or minimal and light alcohol consumers were
associated with a low risk for incident type 2 diabe-
tes in individuals without FLD, but not in individuals
with FLD.

» The risk for incident type 2 diabetes in heavy alcohol
consumers with FLD was the highest.

How might these results change the focus of

research or clinical practice?

» For the prevention of incident type 2 diabetes, clini-
cians have to focus on the presence of FLD and the
patient’s alcohol consumption.

fatty liver disease (FLD), caused by insulin
resistance, is known as one of the causes of
ectopic fat accumulation.” ® FLD is divided
into two subtypes: alcoholic fatty liver disease
(AFLD) and non-AFLD (NAFLD). We have
previously reported that FLD is a significant
risk factor for the development of incident
type 2 diabetes.’

Alcohol is recognized as the cause of
various diseases, including type 2 diabetes
and FLD. There is a U-shaped correlation
between alcohol consumption and diabetes
risk.”® Moreover, several studies have revealed
that light to moderate alcohol consumption
has protective effects on the incidence of
FLD.”™ A recent study demonstrated that
light to moderate alcohol consumption
decreased the risks of incident type 2 diabetes
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in people without NAFLD; however, light to moderate
alcohol consumption was associated with an increased
risk for type 2 diabetes in patients with NAFLD." There-
fore, there is a possibility that the effect of alcohol
consumption on type 2 diabetes may vary depending on
background factors such as FLD. However, no previous
studies have investigated the combined effect of FLD and
alcohol consumption on incident type 2 diabetes.

In this study, we assessed the effect of alcohol consump-
tion on the risk for incident type 2 diabetes in individuals
with or without FLD. The results of this study may lead to
a better understanding of the effects of alcohol consump-
tion and provide guidance on how best to counsel indi-
viduals regarding their alcohol consumption according
to the individual’s background, such as the presence of
FLD.

RESEARCH DESIGN AND METHODS

Study participants and study design

To elucidate the combined effect of the presence of FLD
and alcohol consumption on the risk for incident type
2 diabetes, we used the NAfld in the Gifu Area, Longi-
tudinal Analysis database, which is a population-based
longitudinal analysis of a medical examination program
at Asahi University Hospital (Gifu, Japan). This medical
program, termed a human dock in Japan, aims to improve
the health of the Japanese population by detecting
chronic diseases and their risk factors at an early stage.
The center was founded in 1994 and evaluates more than
8000 individuals annually with a repeating rate of 60%.°
Owing to low alcohol consumption in female partici-
pants, we focused on male participants for this study. We
included the data of male participants of the medical
examination program at the Asahi University Hospital
from 2004 to 2016 more than or equal to two times. Last
follow-up of this study was 2016. We excluded partici-
pants with medication usage, viral hepatitis (positive of
hepatitis B antigen and/or hepatitis C antibody), missing
data of covariates, and type 2 diabetes at the baseline
examination.

Data collection and measurements

A standardized questionnaire, filled out by the partici-
pants, was used to obtain the medical history and lifestyle
factors of all participants, including smoking, alcohol
habits, and physical activity. Smoking status was catego-
rized into three groups: never smoker, never smoked
cigarettes; ex-smoker, quit smoking before the baseline
visit; or current smoker; continued smoking at the base-
line visit. Alcohol consumption was assessed by asking
the participants about the type and amount of alcohol
consumption per week during the prior month and then
estimating the mean ethanol intake per week. Alcohol
consumption status was categorized into the following
four groups: none or minimal alcohol consumption,
<40 g/week; light, 40-140 g/week; moderate, 140-280
g/week; or heavy alcohol consumption, >280 g/week.’

Physical activity was evaluated by asking the participants’
recreational and sports activities.” Regular exercisers
were defined as participants who played any type of sports
equal to or more than once a week regularly."”

Levels of several factors including fasting plasma
glucose, hemoglobin Alc (HbAlc), triglycerides, total
cholesterol, high-density lipoprotein cholesterol, aspar-
tate aminotransferase, alanine transaminase (ALT), and
gamma-glutamyltranspeptidase were measured using
venous blood after an overnight fast. Finally, incident
type 2 diabetes was defined as HbAlc 26.5%, fasting
plasma glucose 27 mmol/ L"or self-reported.

Definition of fatty liver

Abdominal ultrasonography was performed for diag-
nosing FLD." Trained technicians performed the exam-
ination, and then gastroenterologists checked the images
and made a diagnosis of FLD without referring to other
personal data of the participants. Of the four known
criteria (hepatorenal echo contrast, liver brightness, deep
attenuation, and vascular blurring), the participants with
liver brightness and liver contrast were diagnosed with
fatty liver."”

Statistical analysis

Analysis was performed using JMP V.13.0 software (SAS,
Cary, NC, USA), with a p value <0.05 as significant.
Furthermore, model assumptions were performed with
EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan).® Continuous variables were expressed as
mean (SD) and categorical variables were expressed as
number (percentage).

We divided the participants into eight groups
according to the presence of FLD and the four grades
of alcohol consumption, and the differences between
the groups were compared. Categorical variables were
compared between the groups using Pearson’s x° test,
and continuous variables were compared using one-way
analysis of variance and the Tukey’s honestly significant
difference test, respectively. In addition, we adopted
Kaplan-Meier analysis for a graphical presentation of
time to incident type 2 diabetes and the log-rank test
to evaluate differences between the eight groups. We
performed a Bonferroni correction and set a p value
<0.00179 as statistically significant in the log-rank test.
Since censored cases were present and the follow-up
duration was inconsistent, we chose the Cox propor-
tional hazards model and calculated the HR of the eight
groups with adjusting for several potential confounders
as covariants, that is, age, body mass index (BMI),
waist circumference, smoking status, exercise, HbAlc,
triglycerides and ALT levels at baseline examination.
Additionally, we have performed the same analyses in
two categories according to the baseline year, the former
half (2004-2009) and the latter half (2010-2015).
Proportional hazards could be assumed in all covariates
(online supplemental table 1).
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Table 1 Characteristics of the participants
n 9948

Age (years) 44.6 (9.1)
Body weight (kg) 67.6 (10.0)
BMI (kg/m?) 23.2 (3.0)
Waist circumference (cm) 80.9 (8.0)
Non-smoker 3257 (32.5)
Ex-smoker 3045 (30.7)
Current smoker 3646 (36.8)
Regular exerciser 1862 (18.8)
Alcohol consumption (g/ 100.4 (159.2)
week)

None or minimal alcohol 5981 (59.8)
consumer

Light alcohol consumer 1520 (15.4)
Moderate alcohol consumer 1349 (13.7)
Heavy alcohol consumer 1098 (11.1)
Fasting plasma glucose 5.4 (0.5)
(mmol/L)

HbA1c (mmol/mol) 33.2 (3.8)
Triglycerides (mmol/L) 1.2 (0.8)
Total cholesterol (mmol/L) 5.2 (0.9)
HDL cholesterol (mmol/L) 1.3(0.4)
AST (IU/L) 20.2 (9.7)
ALT (IU/L) 24.7 (15.2)
GGT (IU/L) 28.1 (27.5)
SBP (mm Hg) 119.6 (14.4)
DBP (mm Hg) 75.5 (10.1)
Fatty liver 2857 (28.7)

Data are expressed as number (%) of subjects or mean (SD).

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; DBP, diastolic blood pressure; GGT,
gamma-glutamyltransferase; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; SBP, systolic blood pressure.

RESULTS
We enrolled 20 944 participants (12 498 men and 8446
women) (online supplemental figure 1). As previously
stated, all female participants were excluded from this
study. Next, 105 participants were excluded owing to
missing data of covariates, including alcohol consump-
tion and abdominal ultrasonography. Another 157 partic-
ipants were excluded because they were detected with
hepatitis B or C virus antibodies at baseline examination,
and 1423 participants were excluded because they were
taking medication at baseline examination. The 845
participants who had type 2 diabetes at baseline were
also excluded. Thus, a total of 9948 participants were
included in this study.

The baseline characteristics of the participants are
summarized in tables 1 and 2.

The proportions of none or minimal, light, moderate,
and heavy alcohol consumers were 59.8% (5981), 15.4%
(1520), 13.7% (1349), and 11.1% (1098), respectively.
We investigated the differences in baseline characteris-
tics between eight groups according to the presence or
absence of FLD and grades of alcohol consumption.
The proportions (number) of none or minimal, light,
moderate and heavy alcohol consumers without FLD
were 40.5% (3994), 12.1% (1189), 10.5% (1040) and
8.3% (821), respectively, and that of none or minimal,
light, moderate, and heavy alcohol consumers with FLD
were 19.8% (1903), 3.4% (331), 3.1% (309), and 2.8%
(277), respectively. The participants with FLD were signifi-
cantly more obese than those without. Furthermore, the
waist circumference of those with FLD was significantly
larger than those without FLD. Fasting plasma glucose
levels were higher in the order of none or minimal,
light, moderate, and heavy alcohol consumer both with
and without FLD, whereas HbAlc was lower (table 2 and
online supplemental table 2).

During the median 6.0-year follow-up, 568 participants
developed type 2 diabetes. The 4000 days’ cumulative
incidence rates of type 2 diabetes in none or minimal,
light, moderate, and heavy alcohol consumers without
FLD were 2.3%, 2.7%, 4.2%, and 5.7%, respectively. Log-
rank tests were used to determine the association among
the eight groups according to the presence or absence
of FLD and grades of alcohol consumption (figure 1).
Compared with none or minimal alcohol consumer
without FLD, moderate alcohol consumer without FLD,
heavy alcohol consumer without FLD, none or minimal
alcohol consumer with FLD, light alcohol consumer
with FLD, moderate alcohol consumer with FLD and
heavy alcohol consumer with FLD were associated with
higher risk of incident diabetes (all p<0.001). Compared
with light alcohol consumer without FLD, heavy alcohol
consumer without FLD, none or minimal alcohol
consumer with FLD, light alcohol consumer with FLD,
moderate alcohol consumer with FLD and heavy alcohol
consumer with FLD were associated with higher risk of
incident diabetes (all p<0.001). Compared with moderate
alcohol consumer without FLD, none or minimal alcohol
consumer with FLD, light alcohol consumer with FLD,
moderate alcohol consumer with FLD and heavy alcohol
consumer with FLD were associated with higher risk of
incident diabetes (all p<0.001). The risks of incident of
diabetes were not different among the FLD.

Compared with none or minimal alcohol consumers,
light and moderate alcohol consumers did not show a
significant risk for incident type 2 diabetes (light; HR
1.06, 95% CI 0.82 to 1.36, p=0.636, moderate; HR 1.23,
95% CI 0.95 to 1.59, p=0.121), whereas heavy alcohol
consumers showed a significant risk (HR 1.83, 95% CI
1.49 to 2.26, p<0.001). FLD also showed a significant risk
(HR 1.83,95% CI 1.49 to 2.26, p<0.001) (table 3).

Figure 2 shows the results of HRs of the eight groups on
incident type 2 diabetes. The groups of none or minimal
without FLD and light alcohol consumers without
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Table 2 Characteristic of participants in the phenotype groups

None or minimal Light Moderate Heavy
FLD-
n 3994 1189 1040 821
Age (years) 43.2 (9.3) 45.1 (9.1) 46.6 (9.3) 47.5 (8.5)
Body weight (kg) 64.6 (8.4) 65.1 (8.1) 65.2 (8.5) 65.5 (8.5)
Body mass index (kg/m?) 22.1 (2.4) 22.2 (2.4) 22.4 (2.4) 22.5 (2.5)
Waist circumference (cm) 77.8 (6.8) 78.7 (6.6) 79.4 (7.0) 80.1 (6.9)
Non-smoker 1654 (40.1) 343 (28.9) 212 (20.4) 111 (13.6)
Ex-smoker 1107 (27.1) 402 (33.8) 363 (35.0) 258 (31.6)
Current smoker 1336 (32.8) 443 (37.3) 462 (44.6) 447 (54.8)
Regular exerciser 772 (19.2) 272 (23.0) 228 (22.0) 170 (20.8)
Alcohol consumption (g/week) 14.4 (20.6) 104.9 (18.6) 194.6 (41.8) 444.8 (248.1)
Fasting plasma glucose (mmol/L) 5.3(0.4) 5.3(0.4) 5.4 (0.5) 5.4 (0.5)
Hemoglobin A1c (mmol/mol) 32.9 (3.4) 32.6 (3.6) 32.5 (3.6) 32.1 (3.8)
Triglycerides (mmol/L) 0.9 (0.6) 1.0 (0.6) 1.1 (0.8) 1.2 (1.0
Total cholesterol (mmol/L) 5.1 (0.8) 5.1 (0.8) 5.1 (0.8) 5.1 (0.8)
HDL cholesterol (mmol/L) 1.3(0.3) 1.4 (0.4) 1.5(0.4) 1.5(0.4)
AST (IU/L) 18.3 (7.5) 18.2 (5.8) 19.5 (6.9) 21.8 (17.9)
ALT (IU/L) 20.3 (10.4) 19.9 (8.6) 20.7 (9.2) 22.5(12.9)
GGT (IU/L) 20.2 (16.0) 25.4 (20.3) 31.3 (32.0) 42.1 (39.1)
SBP (mm Hg) 115.6 (13.0) 117.5 (13.8) 119.6 (13.8) 123.1 (14.8)
DBP (mm Hg) 72.4 (9.2) 74.2 (9.3) 75.9 (9.9) 78.7 (10.0)
FLD+
n 1903 331 309 277
Age (years) 44.0 (8.2 45.9 (8.7) 47.0 (8.4) 46.2 (8.5)
Body weight (kg) 74.6 (10.7) 74.7 (10.6) 73.9 (9.1) 74.4 (10.8)
Body mass index (kg/m?) 25.6 (3.1) 25.6 (3.0) 25.3 (2.4) 25.2 (3.0)
Waist circumference (cm) 86.8 (7.4) 87.4 (7.4) 87.3 (6.5) 87.3 (7.5)
Non-smoker 751 (39.6) 81 (24.6) 61 (19.8) 44 (15.9)
Ex-smoker 551 (29.1) 131 (39.8) 130 (42.2) 103 (37.3)
Current smoker 31.4 (595) 117 (35.6) 117 (38.0) 129 (46.7)
Regular exerciser 273 (14.4) 52 (15.8) 44 (14.4) 51 (18.4)
Alcohol consumption (g/week) 11.9 (19.1) 104.6 (18.5) 196.8 (42.1) 442.5 (167.6)
Fasting plasma glucose (mmol/L) 5.5 (0.5) 6 (0.5) 5.6 (0.5) 7 (0.5)
Hemoglobin A1c (mmol/mol) 34.8 (3.8) 34.2 (4.2) 34.1 (4.0) 33.9 (3.9)
Triglycerides (mmol/L) 1.5(0.8) .6 (1.0) 1.6 (0.9) .8(1.1)
Total cholesterol (mmol/L) 5.4 (0.8) 4 (0.8) 5.5(0.9) 4 (0.8)
HDL cholesterol (mmol/L) 1.1(0.2) 2 (0.3) 1.2 (0.3) 3(0.3)
AST (IU/L) 23.3 (10.0) 23.3 (9.4) 23.3(9.3) 27.0 (13.7)
ALT (IU/L) 35.6 (20.8) 34.6 (18.9) 32.4 (17.6) 33.5 (16.5)
GGT (IU/L) 29.5 (21.6) 38.3 (29.0) 42.0 (29.0) 62.9 (66.4)
SBP (mm Hg) 124.1 (14.5) 126.6 (15.9) 127.8 (14.0) 127.3 (14.1)
DBP (mm Hg) 78.3 (10.1) 80.6 (10.7) 81.6 (9.5) 81.4 (9.6)

Data are expressed as the number (%) of subjects or mean (SD).
ALT, alanine transaminase; AST, aspartate transaminase; DBP, diastolic blood pressure; FLD, fatty liver disease; GGT, gamma-
glutamyltransferase; HDL, high-density lipoprotein; SBP, systolic blood pressure.
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Figure 1

Kaplan-Meier analysis of incident chronic kidney disease (CKD) in 9948 men. Log-rank tests were used to determine

the association among the eight groups according to the presence or absence of fatty liver disease (FLD) and grades of alcohol
consumption. Bonferroni correction was performed to correct familiar error, and a p value <0.0018 was considered significant.

FL, fatty liver.

FLD showed a significantly lower risk for incident type
2 diabetes than the other groups. On the other hand,
the none or minimal group with FLD and light alcohol
consumers with FLD showed a significantly higher risk
for incident type 2 diabetes, compared with the none or
minimal group without FLD or light alcohol consumers
without FLD. Heavy alcohol consumption with FLD
showed a significantly higher risk when compared with
the other groups, except for light alcohol consumption
with FLD. Interestingly, moderate alcohol consumption
without FLD had a significantly higher risk for incident
type 2 diabetes, compared with the none or minimal
group without FLD and light alcohol consumption
without FLD (vs none or minimal, HR 1.76, 95% CI 1.22
to 2.53, p=0.003; vs light, HR 1.89, 95% CI 1.20 to 2.99,
p=0.006), whereas there was no apparent difference in
the risk for incident type 2 diabetes between none or
minimal, light, and moderate alcohol consumption with
FLD (vs none or minimal, HR 0.87, 95% CI 0.59 to 1.28,
p=0.480; vs light, HR 0.71, 95% CI 0.45 to 1.14, p=0.151).
Furthermore, there was no statistically significant differ-
ence in the risk for incident type 2 diabetes between
moderate and heavy alcohol consumption without FLD
and none or minimal, light, and moderate alcohol
consumption with FLD. Additionally, when the partici-
pants were divided into two categories according to the
baseline year, the main findings were identical (online
supplemental figure 2).

DISCUSSION

We investigated the risks for incident type 2 diabetes
according to both the presence of FLD and the grades
of alcohol consumption in a cohort of nearly 10 000
Japanese for the mean 6.0-year follow-up. Here, we
demonstrated that none or minimal and light alcohol
consumption without FLD carried a lower risk for inci-
dent type 2 diabetes; however, even none or minimal and
light alcohol consumers with FLD carried a higher risk
for developing incident type 2 diabetes, compared with
none or minimal and light alcohol consumers without
FLD. The risk in moderate and heavy alcohol consumers
even without FLD was higher, compared with that in
none or minimal and light alcohol consumers without
FLD. Moreover, we have revealed that the risk for inci-
dent type 2 diabetes in heavy alcohol consumers with
FLD was highest among the eight groups.

Several previous animal studies and Western epide-
miological studies reported that moderate alcohol
consumption is protective for type 2 diabetes, that is, a |
or U-shaped curve relationship,'**’ and there are several
possible reasons. Previous studies revealed that moderate
alcohol intake did not reduce the glucose-stimulated
insulin secretion.”’ ™ In addition, a relatively low dose of
alcohol intake (4 g/kg/day) enhanced insulin signaling
via increased binding of insulin receptor substrate 1 and
phosphatidylinositol 3-kinase and subsequent activation
of AKT, although a relatively high dose of alcohol intake
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Table 3 HRs of incident type 2 diabetes according to the
groups

HR (95% CI) P value
Age (years) 1.03 (1.02 to 1.04) <0.001
Body mass index 1.00 (0.94 to 1.04) 0.948
(kg/m?)
Waist circumference 1.03 (1.00 to 1.05) 0.017
(cm)
Never smoker Reference -
Ex-smoker 0.81 (0.64 to 1.01) 0.066
Current smoker 1.26 (1.06 to 1.60) 0.013
Regular exerciser 0.78 (0.60 to 0.99) 0.047
HbA1c (mmol/L) 1.35(1.32 to 1.38) <0.001
Triglycerides (mmol/L)  1.16 (1.07 to 1.26) <0.001
Alanine transaminase 1.00 (1.00 to 1.01) 0.041
(Iu/L)
Alcohol consumption - -
(9/week)
None or minimal alcohol Reference -
consumer
Light alcohol consumer 1.06 (0.82 to 1.36) 0.636
Moderate alcohol 1.23 (0.95 to 1.59) 0.121
consumer
Heavy alcohol consumer 1.83 (1.43 to 2.33) <0.001
Fatty liver disease 1.83 (1.49 to 2.26) <0.001

This model was adjusted for age, body mass index, waist
circumference, smoking status, exercise, HbA1c, triglycerides,
alanine transaminase grades of alcohol consumption, and fatty
liver at baseline.

HbA1c, hemoglobin Ailc.

(13 g/kg/day) showed impairment of these insulin
signaling pathways in a rat model. % Moreover, Siler et al
reported that moderate alcohol consumption modestly
activates the hepatic de novo lipogenesis pathway, which
converts excess carbohydrates into fatty acids.”® % There-
fore, modest alcohol consumption may enhance glucose
and lipid metabolisms, which suggests a protective effect
on the development of type 2 diabetes.

On the other hand, a Japanese epidemiological study
found a positive association between alcohol intake and
insulin deficiency and insulin resistance.”’ Moreover,
Tsumura ef al®® showed that lean men with high ethanol
consumption levels (=50.1 mL/day) had an increased
risk of type 2 diabetes. Watanabe et al? also showed that
alcohol consumption was a risk factor for diabetes devel-
opmentamong Japanese men and women with alow BMI.
The participants without FLD were significantly leaner
than those with FLD. Comprehensively, it is possible that
Japanese and Western individuals have different alcohol-
related risks of diabetes, based on their differences in the
pathophysiology of type 2 diabetes; Japanese individuals
are less obese and have greater B-cell dysfunction, whereas
Western individuals have greater insulin resistance.”

Furthermore, another possible explanation for the differ-
ence in the effects of moderate alcohol between Japanese
and Western is that Japanese are generally more likely to
accumulate acetaldehyde.” In our study, the participants
with FLD were more obese than those without (FLD-:
22.3 kg/m®, FLD+: 25.7 kg/m®, p<0.001). This suggests
that the moderate alcohol consumer with FLD had the
lowest incidence of diabetes among the participants with
FLD because their ethanol metabolism might be similar
to that of Westerners. Thus, moderate alcohol consump-
tion had an impact on the incident diabetes not in the
participants with FLD but in those without.

In addition, the presence of FLD is a relatively high-
risk factor for incident type 2 diabetes.”** FLD is caused
by ectopic fat accumulation in the liver,”® which induces
hyperglycemia, dyslipidemia, and subclinical inflam-
mation, which would induce insulin resistance.>* Thus,
heavy alcohol consumers with FLD are highest risk of
incident type 2 diabetes.

The strengths of our study, the relatively large
population-based longitudinal research, are that we diag-
nosed fatty liver using the same standardized diagnostic
criteria’ and adopted the standardized questionnaire
for lifestyle factors. Our study also has some limitations.
First, in this population, we diagnosed having FLD using
ultrasonography. Compared with liver biopsy, ultrasonog-
raphy may be inaccurate. However, ultrasonography has
been shown to have high sensitivity and specificity in the
diagnosis of fatty liver and has been found to be effective
in the diagnosis of fatty liver.”® Second, the incident type
2 diabetes might have been underestimated because,
for the diagnosis of diabetes, we did not perform an
oral glucose tolerance test. Third, the ability to examine
different levels of physical activity on glucose homeostasis
and ectopic fat was limited. If we were able to evaluate
the intensity and frequency of exercise, a more accurate
analysis would be possible. Fourth, we did not distinguish
diabetes into type 1 or type 2 diabetes; however, the inci-
dent type 1 diabetes in Japan is exceedingly low (approxi-
mately 2 cases/year/100 000 individuals) 3 Fifth, because
alcohol consumption of female participants was low, and
the number of heavy alcohol consumers was especially
low, we excluded female participants and focused on
male participants in this study. Moreover, a previous study
reported that alcohol consumption was less associated
with the risk for type 2 diabetes, compared with several
covariates such as BMI in women.** Therefore, alcohol
consumption in women is expected to be less associated
with the risk for incident type 2 diabetes, compared with
alcohol consumption in men. Lastly, we did not have the
detail data of types of medication. If we had the data,
subanalyses among the excluded participants might have
yielded new insights.

In conclusion, the risk for incident type 2 diabetes
in heavy alcohol consumers with FLD was the highest
among the eight groups. Moreover, none or minimal
and light alcohol consumers were associated with a low
risk for incident type 2 diabetes in individuals without
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1: FL-/non-
91/3,994
(2.3%)
2vs. 1 2: FL-/light
0.93 (0.62-1.40) 32/1,189
p=0.722 (2.7%)
3vs. 1 3vs. 2 3: FL-/moderate
1.76 (1.22-2.53) | 1.89 (1.20-2.99) 44/1,040
p =0.003 p= 0.006 (4.2%)
4vs. 1 4vs. 2 4vs. 3 4: FL-/ heavy
2.04 (1.42-2.93) | 2.20 (1.40-3.46) | 1.16 (0.77-1.75) 471821
p< 0.001 p< 0.001 p=0.484 (5.7%)
Svs. 1 S5vs. 2 S5vs. 3 S5vs. 4 5: FL+/non-
2.02(1.54-2.66) | 2.18 (1.48-3.21) | 1.15(0.81-1.62) | 0.99 (0.71-1.38) 231/1,903
p< 0.001 p <0.001 p=0.425 p=0.959 (12.1%)
6vs. 1 6vs. 2 6vs. 3 6vs. 4 6vs. 5 6: FL+/light
2.47 (1.68-3.62) | 2.65 (1.66—4.24) | 1.40(0.91-2.16) | 1.21(0.79-1.85) | 1.22(0.88-1.68) 47/331
p<0.001 p<0.001 p=0.129 p=0.384 p=0.237 (14.2%)
7vs. 1 7vs. 2 7vs. 3 7vs. 4 7vs. 5 7vs. 6 7: FL+/moderate
1.76 (1.14-2.72) | 1.90 (1.14-3.16) | 1.00 (0.62—1.61) | 0.86 (0.54—1.38) | 0.87 (0.59-1.28) | 0.71 (0.45-1.14) 30/309
p=0.014 p=0.015 p=0.995 p=0.540 p=0.480 p=0.151 (9.7%)
8vs. 1 8vs. 2 8vs. 3 8vs. 4 8vs. 5 8vs. 6 8vs. 7 8: FL+/heavy
3.45(2.32-5.13) | 3.71(2.30-6.00) | 1.96 (1.26-3.06) | 1.69 (1.10-2.61) | 1.71(1.22-2.39) | 1.40(0.92-2.14) | 1.96 (1.22-3.14) 411277
p<0.001 p< 0.001 p=0.003 p=0.019 p=0.004 p=0.123 p=0.005 (14.8%)

Figure 2 HRs and 95% Cls for incident type 2 diabetes in men. The numbers below each group indicate the number of
participants who developed type 2 diabetes/participants classified in each group (percentage). The HRs and 95% Cls were
calculated adjusting for age, body mass index, waist circumference, smoking status, exercise, hemoglobin Alc, triglycerides
and alanine transaminase at baseline. FL, fatty liver; non-, none or minimal.

FLD, but not in individuals with FLD. For the preven-
tion of incident type 2 diabetes, clinicians have to
focus on the presence of FLD and the patient’s alcohol
consumption.
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