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Abstract

Background Fatty liver disease is associated with glucose

intolerance and hepatic insulin resistance. However, there

are distinct etiologies for alcoholic versus non-alcoholic

fatty liver disease (NAFLD), and it is unknown whether

alcohol consumption influences the onset of glucose

intolerance in fatty liver disease patients. Therefore, we

investigated the relationship between fatty liver disease and

the onset of impaired fasting glucose (IFG) with respect to

alcohol consumption.

Methods The records of 6804 Japanese subjects were

reviewed to identify those meeting the criteria for IFG.

Male and female subjects were classified into five and four

groups, respectively, based on average alcohol consump-

tion (g/week). IFG onset was defined as fasting plasma

glucose levels C110 mg/dl.

Results In the non-drinker, [0–70 g/week, [70–140 g/

week, [140–210 g/week (men only), and [210 g/week

(men only) or[140 g/week (women only) groups, 7.3, 6.7,

6.4, 9, and 6.4 % of men and 2, 1.7, 3.1, and 3.2 % of

women, respectively, developed IFG. Fatty liver was

positively associated with the onset of IFG in men of the

[0–70 g/week group (adjusted hazard ratio [aHR], 2.808;

95 % confidence interval [CI] 1.605–5.049, p\ 0.001) and

women of the [70–140 g/week group (aHR, 4.193; 95 %

CI, 1.036–14.584, p = 0.045) after adjusting for previously

reported IFG risk factors. No associations were observed in

the other groups.

Conclusions A small amount of alcohol consumption is a

significant risk factor for the onset of IFG in NAFLD

patients; onset risk differs according to the amount of

alcohol consumption.

Keywords Alcohol � Glucose tolerance � Non-alcoholic

fatty liver disease � Type 2 diabetes mellitus

Introduction

Metabolic diseases are increasing worldwide due to chan-

ges in lifestyles. In particular, it is estimated that the

prevalence of type 2 diabetes mellitus (T2DM) in adults is

6.9 %, and will increase to 17 % by 2030 [1]. T2DM is

often associated with micro- and macrovascular compli-

cations such as diabetic retinopathy, diabetic nephropathy,

and cardiovascular disease, negatively impacting both

health and life expectancy [2–4]. Therefore, it is important

to identify the risk factors for the onset of abnormal glu-

cose tolerance for better intervention and prevention of

T2DM [5–8].

Fatty liver is thought to be one of the etiologies of

T2DM, and is associated with hepatic insulin resistance [9,

10]. Several studies have shown an association between

abnormal glucose tolerance and fatty liver [11–13] or its

surrogate markers, such as liver enzymes [14–19] and the

fatty liver index [20]. However, fatty liver can be either
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alcohol or non-alcohol related, and no previous studies

have explored whether fatty liver predicts the onset of

glucose intolerance according to the amount of alcohol

consumption.

This large, community-based longitudinal cohort study

was designed to allow an epidemiologic assessment of the

potential relationship between baseline diagnosis of fatty

liver and the development of impaired fasting glucose

(IFG), as stratified by the amount of alcohol intake at

baseline. Ideally, the results of this study will help clini-

cians identify those patients who are at greater risk of

impaired glucose tolerance.

Patients and methods

This retrospective, community-based, longitudinal cohort

study reviewed the medical records of 7905 Japanese

subjects (3863 men and 4042 women) who had undergone

annual health check-ups at the Ehime General Health Care

Association more than twice between April 2003 and

August 2013. Their ages ranged from 18 to 80 years. The

annual health check-up included a review of the patient’s

medical history and prescription medications, the admin-

istration of a questionnaire that assessed the frequencies

and quantities of alcohol and cigarette consumption, and

second-degree family history of diabetes. A physical

examination was also performed, and anthropometric and

routine biochemical variables were measured. Body weight

and height were measured while the subjects were clothed

in light gowns without shoes; these measurements were

used to calculate body mass index (BMI). Blood pressure

measurements were obtained with an automated sphyg-

momanometer while the subjects were seated. Blood

samples were collected in the morning, after the subjects

had been fasting for C10 h, and were used to measure

(a) fasting plasma glucose levels; (b) the lipid profile,

including triacylglycerols (TG) and high-density lipopro-

tein cholesterol (HDL-c) levels; (c) creatinine levels; and

(d) other blood chemistry variables, including uric acid

(UA), hepatitis B surface antigen (HBs-Ag), and hepatitis

C antibody (anti-HCV) levels. Fatty liver was diagnosed

using abdominal ultrasonography (Hitachi EUB-2000 or

Hitachi Avius, Tokyo, Japan) by experienced technicians

who were blinded to the subjects’ individual data. Two

gastroenterologists (M. K. and K. K.) reviewed all ultra-

sonography images to diagnose fatty liver disease. Of the

four known criteria for fatty liver that can be identified

from ultrasonography (hepatorenal echo contrast, liver

brightness, deep attenuation, and vascular blurring) [21],

evidence of hepatorenal contrast and liver brightness were

required for diagnosis. A priori approval for the study was

obtained from the Ehime University Hospital Research

Ethics Board (Approval ID #110405, University Hospital

Medical Information Network ID: UMIN000011953)

according to the 1975 Declaration of Helsinki, and all

study procedures were conducted in accordance with

guidelines on good clinical practices, as well as local eth-

ical and legal requirements.

After laboratory data and medical histories were asses-

sed at the first check-up, 1101 subjects were excluded from

this study because they met at least one of the following

exclusion criteria: (1) fasting plasma glucose C110 mg/dl

[22, 23] (n = 634); (2) currently being on anti-diabetic

(n = 132), anti-hypertensive (n = 366), or lipid-lowering

(n = 170) regimens; and/or (3) testing positive for HBs-Ag

(n = 115) or anti-HCV (n = 79). Ultimately, 6804 sub-

jects (3089 men and 3715 women) were analyzed. The

observation period lasted 4.37 ± 2.52 years

(4.27 ± 2.51 years for men and 4.46 ± 2.52 years for

women), with a median of 4.05 years (range,

0.44–10.13 years). The median interval between visits was

1.05 years (range, 0.44–9.05 years), with only 0.36 %

being under 6 months and 18.4 % being over 2 years. Male

subjects were classified into five groups based on average

alcohol consumption: Non-drinkers, [0–70 g/week,

[70–140 g/week, [140–210 g/week, and [210 g/week;

female subjects were classified into four groups: non-

drinkers, [0–70 g/week, [70–140 g/week, and [140 g/

week. The alcohol consumption threshold for NAFLD

patients was defined as \30 g/days (210 g/week) for men

and \20 g/days (140 g/week) for women [24]. The onset

of IFG during the observation period was defined as a

fasting plasma glucose level C110 mg/dl observed during

any health check-up [22, 23].

All subjects were assigned a numerical code that was

used throughout the study, and all data were stored in a

secure database to maintain anonymity. Statistical analyses

were performed using JMP version 11 software (SAS

Institute Japan, Tokyo, Japan). One-way analysis of vari-

ance was used to analyze between-group differences in

baseline characteristics, such as age, results of the physical

examinations, and anthropometric and routine biochemical

variables. The Chi-square test was used to analyze the

presence or absence of fatty liver, family history, and

smoking history. To identify factors independently asso-

ciated with the rate of onset of IFG, we performed uni-

variate and multivariate Cox proportional hazards

regression analyses using forward likelihood ratio tests.

The assumption of proportional hazards was assessed by

including time-dependent covariates in the models; no

indication of a violation was found. The following vari-

ables are known to affect glucose intolerance [25–30], and

were included in the multivariate Cox regression models

(from which we obtained adjusted hazard ratios (aHRs) for

the incidence of IFG onset): age, BMI, systolic blood
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pressure, TG, HDL-c, creatinine, fatty liver, family history

of diabetes, and current smoking status (Model 1). The

remaining model (Model 2) included factors that were

significant in the univariate analyses (p\ 0.05). All data

are expressed as mean ± standard deviation, all p values

were two-tailed, and p values \0.05 were considered sta-

tistically significant.

Results

Baseline characteristics and prevalence of IFG onset

according to the average amount of consumed

alcohol

The baseline characteristics of the study subjects are pre-

sented in Tables 1 and 2. For each subject, complete data

were available for all of the examined variables, with the

exception of the BMI of one subject (0.015 %). Compared

to the [210 g/week group, men in the other four groups

had higher levels of creatinine, lower levels of many

metabolic markers (including systolic blood pressure, TG,

HDL-c, and UA), and a lower ratio of current smokers.

Subjects of the bottom three alcohol consumption groups

were also younger than those in the [210 g/week group

and had a higher proportion of subjects with fatty livers

(Table 1). Compared to the[140 g/week group, women in

the[0–70 g/week group were younger, while those of the

non-drinking group were older; women who were non-

drinkers and those in the [0–70 g/week and [70–140 g/

week groups had lower systolic blood pressure, TG, HDL-

c, and UA, and these groups also contained a lower ratio of

subjects who were current smokers (Table 2). The non-

drinking group contained a higher ratio of subjects who had

fatty liver, while the[70–140 g/week group subjects had a

lower ratio of fatty liver (Table 2). The incidence rates of

IFG in men and women were not significantly different

between each group (Tables 1, 2).

The change in the average weekly alcohol

consumption between baseline and endpoint

The changes in average weekly alcohol consumption

between baseline and endpoint are shown in Table 3. In

men, 2047 of 3089 subjects (66.2 %) maintained the same

amount of alcohol consumption between baseline and

endpoint, while 921 subjects (29.8 %) switched to an

immediately adjacent alcohol consumption group (one

group up or down). In women, 2772 of 3715 subjects

(74.6 %) maintained the same amount of alcohol con-

sumption between baseline and endpoint, while 899

Table 1 Men: baseline characteristics and the onset of impaired fasting glucose according to alcohol consumption

Total (n = 3089) Amount of

alcohol

Non-drinker

(n = 303)

[0–70 g/week

(n = 1145)

[70–140 g/week

(n = 776)

[140 g–210 g/

week (n = 536)

[210 g/week

(n = 329)

p value

Age (years) 42.9 ± 8.9 40.1 ± 8.6 42.3 ± 8.5 45.1 ± 8.7 44.6 ± 8.1 \0.001

Body mass index (kg/m2) 23.6 ± 3.3 23.6 ± 3.2 23.5 ± 3 23.4 ± 2.7 23.3 ± 2.8 0.639

Systolic blood

pressure

(mmHg) 113.4 ± 14.6 113.6 ± 14 115.5 ± 14.3 118.1 ± 14.7 121.7 ± 14.3 \0.001

Creatinine (mg/dl) 0.87 ± 0.11 0.88 ± 0.12 0.88 ± 0.11 0.87 ± 0.11 0.84 ± 0.12 \0.001

Triacylglycerols (mg/dl) 130.7 ± 71.3 125.8 ± 86.2 127.5 ± 82.2 143.8 ± 110.8 154.9 ± 180 \0.001

High-density

lipoprotein

cholesterol

(mg/dl) 55.1 ± 13.4 57.1 ± 13.8 60.3 ± 14.5 62.5 ± 15.8 65.5 ± 17.3 \0.001

Uric acid (mg/dl) 6.16 ± 1.18 6.1 ± 1.13 6.24 ± 1.18 6.29 ± 1.3 6.34 ± 1.29 0.003

Fatty liver (%) 111/303

(36.6 %)

412/1145

(36 %)

215/776 (27.7 %) 130/536 (24.3 %) 86/329

(26.1 %)

\0.001

Family history of

diabetes

(%) 56/303

(18.5 %)

191/1145

(16.7 %)

115/776 (14.8 %) 79/536 (14.7 %) 66/329

(20.1 %)

0.151

Current smoker (%) 122/303

(40.3 %)

425/1145

(37.1 %)

297/776 (38.3 %) 241/536 (45 %) 195/329

(59.3 %)

\0.001

Onset of impaired

fasting glucosea
(%) 22/303

(7.3 %)

77/1145 (6.7 %) 50/776 (6.4 %) 48/536 (9 %) 21/329 (6.4 %) 0.621

Values are expressed as mean ± standard deviation

For continuous values, differences among groups were assessed using one-way analysis of variance. The Chi-square test was employed for

comparisons of prevalence
a Onset of impaired fasting glucose was defined as a fasting plasma glucose level C110 mg/dl
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subjects (24.2 %) switched to an immediately adjacent

alcohol consumption group (one group up or down).

Risk factors for the onset of IFG according

to average amount of consumed alcohol

Univariate analyses revealed that several variables were

significantly and positively associated with IFG onset in

men. In the NAFLD (non-drinker—210 g/week) group,

fatty liver, age, BMI, systolic blood pressure, TG, UA,

family history of diabetes, and being a current smoker were

correlated with IFG onset; there was also a negative

association with creatinine and HDL-c. In the non-drinker

group, fatty liver and BMI were correlated with IFG onset;

in the[0–70 g/week group, fatty liver, age, BMI, systolic

blood pressure, TG, UA, and being a current smoker were

Table 2 Women: baseline characteristics and the onset of impaired fasting glucose according to alcohol consumption

Total (n = 3715) Amount of

alcohol

Non-drinker

(n = 1068)

[0–70 g/week

(n = 1983)

[70–140 g/week

(n = 479)

[140 g/week

(n = 185)

p value

Age (years) 43 ± 9 39.4 ± 8.6 41.9 ± 8.1 42.8 ± 7.6 \0.001

Body mass index (kg/m2) 21.3 ± 3.2 21.4 ± 3.1 21.1 ± 2.8 21.6 ± 2.9 0.201

Systolic blood pressure (mmHg) 108.2 ± 15.7 105.8 ± 14.2 107.3 ± 14.2 112.6 ± 15.6 \0.001

Creatinine (mg/dl) 0.63 ± 0.1 0.64 ± 0.09 0.64 ± 0.9 0.64 ± 0.1 0.336

Triacylglycerols (mg/dl) 81.3 ± 45.9 72.4 ± 37.2 76.9 ± 61.2 89.3 ± 59 \0.001

High-density lipoprotein

cholesterol

(mg/dl) 73.9 ± 16.1 72.4 ± 37.2 77.8 ± 16.4 83.1 ± 18.9 \0.001

Uric acid (mg/dl) 4.24 ± 0.89 4.23 ± 0.87 4.31 ± 0.88 4.72 ± 0.99 \0.001

Fatty liver (%) 135/1068 (12.6 %) 201/1983 (10.1 %) 36/479 (7.5 %) 19/185 (10.2 %) 0.019

Family history of diabetes (%) 220/1068 (20.6 %) 435/1983 (21.9 %) 113/479 (23.5 %) 39/185 (21.1 %) 0.599

Current smoker (%) 34/1068 (3.2 %) 99/1983 (5 %) 38/479 (7.9 %) 37/185 (20 %) \0.001

Onset of impaired fasting

glucosea
21/1068 (2 %) 33/1983 (1.7 %) 15/479 (3.1 %) 6/185 (3.2 %) 0.129

Values are expressed as mean ± standard deviation

Body mass index value unavailable for one subject

For continuous values, differences among groups were assessed using one-way analysis of variance. The Chi-square test was employed for

comparisons of prevalence
a Onset of impaired fasting glucose was defined as a fasting plasma glucose level C110 mg/dl

Table 3 The change in the average weekly alcohol consumption between baseline and endpoint

Average alcohol

consumption

Number of cases

at baseline

Number of cases in each drinking category at endpoint

Non-drinker [0–70 g/week [70–140 g/week [140–210 g/week [210 g/week

Men

Non-drinker 303 232 (76.6) 64 (21.1) 6 (2) 1 (0.3) 0 (0)

[0–70 g/week 1145 76 (6.6) 878 (76.7) 158 (13.8) 26 (2.3) 7 (0.6)

[70–140 g/week 776 6 (0.8) 190 (24.5) 433 (55.8) 131 (16.9) 16 (2.1)

[140–210 g/week 536 0 (0) 26 (4.9) 147 (27.4) 301 (56.2) 62 (11.6)

[210 g/week 329 0 (0) 6 (1.8) 27 (8.2) 93 (28.3) 203 (61.7)

Women

Non-drinker 1068 859 (80.4) 203 (19) 4 (0.4) 2 (0.2)

[0–70 g/week 1983 278 (14) 1533 (77.3) 156 (7.9) 16 (0.8)

[70–140 g/week 479 7 (1.5) 172 (36) 246 (51.5) 53 (11.1)

[140 g/week 185 4 (2.2) 12 (6.5) 36 (19.5) 133 (71.9)

a Because of rounding, not all percentages total 100 %
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correlated with IFG onset; there was a negative association

with creatinine and HDL-c. In the[70–140 g/week group,

fatty liver, age, BMI, systolic blood pressure, TG, HDL-c,

UA, and being a current smoker were correlated with IFG

onset; there was a negative association with HDL-c. In the

[140–210 g/week group, fatty liver, age, BMI, systolic

blood pressure, TG, and being a current smoker were

correlated with IFG onset; there was a negative association

with HDL-c and creatinine. In the [210 g/week group,

fatty liver, age, BMI, and TG were correlated with IFG

onset (Table 4). Risk factors for the onset of IFG in women

were the same as those observed in men, as follows: in the

NAFLD (non-drinker—140 g/week) group, fatty liver, age,

BMI, systolic blood pressure, UA, and family history of

diabetes (there was a negative association with HDL-c); in

the non-drinker group, fatty liver, age, BMI, TG, UA, and

family history of diabetes; in the [0–70 g/week group,

fatty liver, age, BMI, systolic blood pressure, TG, HDL-c,

and UA; and in the [70–140 g/week group, age, systolic

blood pressure, and HDL-c. In the [140 g/week group,

creatinine showed a negative association (Table 5).

Effect of fatty liver on the risk of IFG onset

in relation to alcohol consumption

Among men, the aHR from Model 1 indicated a significant

positive association between fatty liver and the onset of

IFG in the NAFLD group and the [0–70 g/week group

(Table 6). Model 2 included adjustments for variables

found to be significant on univariate analyses, revealing a

significant association between fatty liver and IFG onset in

the NAFLD group and the[0–70 g/week group. However,

there were no significant associations in the other groups

(Table 6). Among women, the aHR from Model 1 indi-

cated a significant positive association between fatty liver

and the onset of IFG in the NAFLD group and the

[70–140 g/week group (Table 6). Model 2 analyses

revealed a significant association between fatty liver and

IFG onset in the NAFLD group and the [70–140 g/week

group; there were no significant associations in the other

groups (Table 6).

Effect of fatty liver on the risk of IFG onset

in relation to alcohol consumption compared to non-

drinkers without fatty liver

Among men, the aHRs for age and BMI indicated a sig-

nificant positive association between fatty liver and the

onset of IFG in the[0–70 g/week group compared to non-

drinkers without fatty liver (Table 7). Among women, the

aHRs indicated a significant positive association between

fatty liver and the onset of IFG in the [0–70 g/week and

[70–140 g/week groups compared to non-drinkers with-

out fatty liver (Table 7).

Discussion

We conducted this large, community-based longitudinal

cohort study to examine the associations between fatty

liver and the onset of IFG, as stratified by the amount of

alcohol intake. Our findings indicate that a small amount of

alcohol consumption in non-alcoholic fatty liver disease

(NAFLD) patients is a significant risk factor for the onset

of IFG in both sexes. The association remained significant

after adjusting for potential confounders.

Recently, several studies have examined the associa-

tions between fatty liver and the onsets of pre-diabetes and

T2DM [11–13]. Kim et al. investigated whether fatty liver

is an independent risk factor of T2DM incidence in 5372

non-diabetic Koreans [11]. Subjects underwent voluntary

medical check-ups in 2000 and follow-up examinations in

2005. In multiple logistic regression models after adjusting

for age, sex, BMI, triglycerides, HDL-c, fasting plasma

glucose, alanine aminotransferase, ultrasonography opera-

tor, alcohol consumption, and smoking, subjects with fatty

liver were at a significantly higher risk of developing

T2DM compared to those without fatty liver [11]. Yamada

et al. examined whether fatty liver predicted IFG and

T2DM in a longitudinal study among 12,375 Japanese

subjects undergoing health checkups [12]. They reported

that fatty liver was a risk factor for IFG and/or T2DM in

both sexes by multiple logistic regression analyses adjusted

for age, BMI, hypertension, family history of diabetes

mellitus, alcohol consumption, and smoking [12]. More-

over, Sung et al. examined 12,853 subjects without dia-

betes from a South Korean occupational cohort, and they

quantified the risk of incident diabetes with different

combinations including insulin resistance, obesity, and

fatty liver at baseline to determine whether each was an

independent risk factor for diabetes [13]. Fatty liver,

insulin resistance, and obesity increased the risk of T2DM

incidence by multiple logistic regression models after

adjusting for age, sex, alcohol, smoking status, exercise,

educational status, triglycerides, and alanine aminotrans-

ferase. Moreover, the clustering of fatty liver, insulin

resistance, and obesity markedly increased the odds of

developing T2DM [13]. However, these researchers did not

consider the effect of alcohol on fatty liver; that is, they did

not stratify patients by the amounts of their alcohol intake

at baseline, which was the primary aim of our study.

Additionally, they only collected data at two time points

during the observation period (in 2000 and 2005, or in 2003

and 2008), even though participants may have undergone
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health checkups annually during which they may have

received interventions.

With respect to an association between NAFLD and

abnormal glucose tolerance, there are several reports [27,

31–34]. Shibata et al. conducted an observational cohort

study in 3189 male workers C40 years old in a Japanese

company between 1997 and 2005 [31]. They reported that

NAFLD significantly increases the risk of diabetes on

multivariate Cox proportional hazards analysis adjusted for

age and BMI [31]. Yamazaki et al. enrolled 3074 subjects,

who underwent a health checkup twice with a [10-year

interval in between, and examined the long-term effects of

NAFLD on T2DM incidence and the association between

NAFLD improvement and T2DM incidence reduction [32].

They reported that NAFLD at baseline was associated with

T2DM incidence, and NAFLD improvement was associ-

ated with reduced T2DM incidence by logistic regression

models adjusted for age, sex, BMI, IFG, family history of

diabetes, dyslipidemia, hypertension, and physical exercise

[32]. However, these studies had some limitations, such as

including only men, insufficient time points, or small

cohort numbers.

The mechanisms that may explain why NAFLD patients

who consume small amount of alcohols are at risk for the

onset of IFG remain unclear. Many epidemiologic and

experimental studies revealed a protective effect of light or

moderate alcohol consumption on fatty liver [35, 36] and

glucose intolerance [37] by improving insulin sensitivity

[38, 39], increasing adiponectin levels [35, 39, 40], and

enhancing hepatic blood flow [41]. Despite this evidence,

light or moderate alcohol consumption may nevertheless

make one susceptible to T2DM. On the other hand, several

other studies did not indicate a beneficial effect of small

amounts of alcohol on NAFLD. Ekstedt et al. reported that

moderate alcohol consumption with heavy episodic drink-

ing is associated with NAFLD progression in 71 patients

diagnosed with biopsy-confirmed disease [42]. Moreover,

in an experimental NAFLD rodent model, a combination

high fat diet and moderate alcohol intake exacerbated

hepatic inflammation and apoptosis by inhibiting sirtuin 1

deacetylase activity or enhancing Toll-like receptor 4 sig-

naling [43–45]. Therefore, a combination of NAFLD and

small amounts of alcohol appear to affect NAFLD pro-

gression, including hepatic inflammation; this may exac-

erbate insulin sensitivity and induce the onset of abnormal

glucose tolerance. However, further research is required to

clarify these potential associations.

The primary strengths of our study were its investigation

of the general population, and the completeness of the data

for all relevant variables; there was only one missing data

point. On the other hand, our study had several limitations.

First, only 293 subjects (218 men and 75 women) showed

IFG onset out of 6804 participants (3089 men and 3715

women). This relatively low rate may explain the lack of a

significant association between fatty liver and IFG onset in

the non-drinker and[140 g/week groups. Additionally, we

were unable to determine the proportion of subjects in the

[210 g/week group in men and the[140 g/week group in

women who were high alcohol consumers, because the

sizes of these groups were too small. Second, we were only

able to collect data annually; therefore, data collection was

not truly continuous. Third, our study relied on self-re-

ported information for several of the investigated factors.

Therefore, misreported data could have skewed our find-

ings. Finally, we only examined a Japanese population,

which could limit the generalizability of our results to other

populations. Despite these limitations, our study showed

several noteworthy results. In particular, our findings sug-

gest that NAFLD with a small amount of alcohol con-

sumption is a significant risk factor for the onset of IFG.

These results showed that the risk of fatty liver on glucose

tolerance differed according to the amount of alcohol

consumption. To help prevent the onset of IFG and the

development of further complications, clinicians should

take note of the amount of their alcohol consumption in

fatty liver patients, and recommend that NAFLD patients

refrain from alcohol even if they consume small amounts.
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liver fat on insulin clearance. Am J Physiol Endocrinol Metab.

2007;293:E1709–15.

11. Kim CH, Park JY, Lee KU, et al. Fatty liver is an independent

risk factor for the development of Type 2 diabetes in Korean

adults. Diabet Med. 2008;25:476–81.

12. Yamada T, Fukatsu M, Suzuki S, et al. Fatty liver predicts

impaired fasting glucose and type 2 diabetes mellitus in Japanese

undergoing a health checkup. J Gastroenterol Hepatol.

2010;25:352–6.

13. Sung KC, Jeong WS, Wild SH, et al. Combined influence of

insulin resistance, overweight/obesity, and fatty liver as risk

factors for type 2 diabetes. Diabetes Care. 2012;35:717–22.

14. Vozarova B, Stefan N, Lindsay RS, et al. High alanine amino-

transferase is associated with decreased hepatic insulin sensitivity

and predicts the development of type 2 diabetes. Diabetes.

2002;51:1889–95.

15. Fraser A, Harris R, Sattar N, et al. Alanine aminotransferase,

gamma-glutamyltransferase, and incident diabetes: the British

Women’s Heart and Health Study and meta-analysis. Diabetes

Care. 2009;32:741–50.

16. Hanley AJ, Williams K, Festa A, et al. Elevations in markers of

liver injury and risk of type 2 diabetes: the insulin resistance

atherosclerosis study. Diabetes. 2004;53:2623–32.

17. Wannamethee SG, Shaper AG, Lennon L, et al. Hepatic enzymes,

the metabolic syndrome, and the risk of type 2 diabetes in older

men. Diabetes Care. 2005;28:2913–8.

18. Ford ES, Schulze MB, Bergmann MM, et al. Liver enzymes and

incident diabetes: findings from the European Prospective

Investigation into Cancer and Nutrition (EPIC)-Potsdam Study.

Diabetes Care. 2008;31:1138–43.

19. Monami M, Bardini G, Lamanna C, et al. Liver enzymes and risk

of diabetes and cardiovascular disease: results of the Firenze

Bagno a Ripoli (FIBAR) study. Metabolism. 2008;57:387–92.

20. Balkau B, Lange C, Vol S, et al. Nine-year incident diabetes is

predicted by fatty liver indices: the French D.E.S.I.R. study.

BMC Gastroenterol. 2010;10:56.

21. Kojima S, Watanabe N, Numata M, et al. Increase in the

prevalence of fatty liver in Japan over the past 12 years: analysis

of clinical background. J Gastroenterol. 2003;38:954–61.

22. World Health Organization: Definition and diagnosis of diabetes

mellitus and intermediate hyperglycemia. Geneva: World Health

Organization. 2006. https://www.idf.org/webdata/docs/WHO_

IDF_definition_diagnosis_of_diabetes.pdf. Accessed 19 February

2016.

23. Kuzuya T, Nakagawa S, Satoh J, et al. Report of the committee

on the classification and diagnostic criteria of diabetes mellitus.

Diabetes Res Clin Pract. 2002;55:65–85.

24. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and

management of non-alcoholic fatty liver disease: practice

Guideline by the American Association for the Study of Liver

Diseases, American College of Gastroenterology, and the

American Gastroenterological Association. Hepatology.

2012;55:2005–23.

25. American Diabetes Association. Screening for type 2 diabetes.

Diabetes Care. 2003;26:S21–4.

26. Harita N, Hayashi T, Sato KK, et al. Lower serum creatinine is a

new risk factor of type 2 diabetes: the Kansai healthcare study.

Diabetes Care. 2009;32:424–6.

27. Jimba S, Nakagami T, Takahashi M, et al. Prevalence of nonal-

coholic fatty liver disease and its association with impaired glu-

cose metabolism in Japanese adults. Diabet Med.

2005;22:1141–5.

28. Sairenchi T, Iso H, Nishimura A, et al. Cigarette smoking and

risk of type 2 diabetes mellitus among middle-aged and elderly

Japanese men and women. Am J Epidemiol. 2004;160:158–62.

29. Waki K, Noda M, Sasaki S, et al. Alcohol consumption and other

risk factors for self-reported diabetes among middle-aged Japa-

nese: a population-based prospective study in the JPHC study

cohort I. Diabet Med. 2005;22:323–31.

30. Miyake T, Kumagi T, Furukawa S, et al. Hyperuricemia is a risk

factor for the onset of impaired fasting glucose in men with a high

plasma glucose level: a community-based study. PLoS One.

2014;9:e107882.

31. Shibata M, Kihara Y, Taguchi M, et al. Nonalcoholic fatty liver

disease is a risk factor for type 2 diabetes mellitus in middle-aged

Japanese men. Diabetes Care. 2007;30:2940–4.

32. Yamazaki H, Tsuboya T, Tsuji K, et al. Independent association

between improvement of nonalcoholic fatty liver disease and

reduced incidence of type 2 diabetes mellitus. Diabetes Care.

2015;38:1673–9.

33. Su CC, Wang K, Hsia TL, et al. Association of nonalcoholic fatty

liver disease with abnormal aminotransferase and postprandial

hyperglycemia. J Clin Gastroenterol. 2006;40:551–4.

34. Ekstedt M, Franzen LE, Mathiesen UL, et al. Long-term follow-

up of patients with NAFLD and elevated enzymes. Hepatology.

2006;44:865–73.

35. Fromenty B, Vadrot N, Massart J, et al. Chronic ethanol con-

sumption lessens the gain of body weight, liver triglycerides, and

diabetes in obese ob/ob mice. J Pharmacol Exp Ther.

2009;331:23–34.

36. Moriya A, Iwasaki Y, Ohguchi S, et al. Roles of alcohol con-

sumption in fatty liver: a longitudinal study. J Hepatol.

2015;62:921–7.

37. Koppes LL, Dekker JM, Hendriks HF, et al. Moderate alcohol

consumption lowers the risk of type 2 diabetes: a meta-analysis of

prospective observational studies. Diabetes Care.

2005;28:719–25.

38. Joosten MM, Beulens JW, Kersten S, et al. Moderate alcohol

consumption increases insulin sensitivity and ADIPOQ expres-

sion in postmenopausal women: a randomized, cross-over trial.

Diabetologia. 2008;51:1375–81.

39. Sierksma A, Patel H, Ouchi N, et al. Effect of moderate alcohol

consumption on adiponectin, tumor necrosis factor-alpha, and

insulin sensitivity. Diabetes Care. 2004;27:184–9.

40. You M, Considine RV, Leone TC, et al. Role of adiponectin in

the protective action of dietary saturated fat against alcoholic

fatty liver in mice. Hepatology. 2005;42:568–77.

41. Mendeloff AI. Effect of intravenous infusions of ethanol upon

estimated hepatic blood flow in man. J Clin Invest.

1954;33:1298–302.

42. Ekstedt M, Franzén LE, Holmqvist M, et al. Alcohol consump-

tion is associated with progression of hepatic fibrosis in non-

alcoholic fatty liver disease. Scand J Gastroenterol.

2009;44:366–74.

J Gastroenterol (2016) 51:1090–1100 1099

123

https://www.idf.org/webdata/docs/WHO_IDF_definition_diagnosis_of_diabetes.pdf
https://www.idf.org/webdata/docs/WHO_IDF_definition_diagnosis_of_diabetes.pdf


43. Wang Y, Seitz HK, Wang XD. Moderate alcohol consumption

aggravates high-fat diet induced steatohepatitis in rats. Alcohol

Clin Exp Res. 2010;34:567–73.

44. Nascimento AF, Ip BC, Luvizotto RA, et al. Aggravation of

nonalcoholic steatohepatitis by moderate alcohol consumption is

associated with decreased SIRT1 activity in rats. Hepatobiliary

Surg Nutr. 2013;2:252–9.
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