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Abstract

Background  Alcohol is considered to be a major cause of
fatty liver (FL). In contrast, however, recent investigations
have suggested that moderate alcohol consumption is
protective against FL. To clarify the role of alcohol con-
sumption in FL development, we examined the association
between drinking patterns and FL prevalence.

Methods We enrolled 9,886 male participants at regular
medical health checks. Each subject’s history of alcohol
consumption was determined by questionnaire. The sub-
jects were classified according to alcohol consumption as
non-, light, moderate, and heavy drinkers (0, <20, 20-59,
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and >60 g/day, respectively). FL was defined by ultraso-
nography. Independent predictors of FL were determined
by logistic regression analysis.

Results  The prevalence of FL displayed a “U-shaped
curve” across the categories of daily alcohol consumption
(non-, 44.7%; light, 39.3%; moderate, 35.9%; heavy
drinkers, 40.1%; P < 0.001). The prevalence of FL was
associated positively with body mass index and other
obesity-related diseases and inversely with alcohol con-
sumption (light, odds ratio [OR] 0.71, 95% confidence
interval [CI] 0.59-0.86; moderate, OR 0.55, CI 0.45-0.67;
heavy, OR 0.44, CI 0.32-0.62) as determined by mulii-
variate analysis after adjusting for potential confounding
variables. In addition, examination of drinking patterns
(frequency and volume) revealed that the prevalence of FL
was inversely associated with the frequency of alcohol
consumption (>21 days/month) (OR 0.62, CI 0.53-0.71)
but not with the volume of alcohol consumed.
Conclusions Our observations suggest that alcohol con-
sumption plays a protective role against FL in men, and
consistent alcohol consumption may contribute to this
favorable effect.

Keywords Fatty liver - Alcohol consumption -
Nonalcoholic fatty liver disease - Metabolic syndrome

Introduction

Fatty liver (FL) disease is commonly divided into nonal-
coholic (NAFLD) and alcoholic (AFLD) FL disease cate-
gories. NAFLD is an increasingly recognized condition,
predominantly linked to metabolic syndrome, which, in
turn, is associated with obesity and insulin resistance [1-4].
The clinical importance of NAFLD is due to its wide
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spectrum of histological damage, ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH), which
can lead to cirrhosis, hepatocellular carcinoma, and hepatic
failure [S]. Alcohol dehydrogenase-mediated ethanol
metabolism generates a reduced form of nicotinamide
adenine dinucleotide (NADH). which promotes steatosis
by stimulating the synthesis of fatty acids and opposing
their oxidation. The hepatic lipogenic pathway is activated
after the consumption of 24 g of ethanol per day [6].
Alcohol intake is a risk factor for both hypertriglyceride-
mia and FL [7, 8], and daily intake as low as 20-30 g of
alcohol per day may be sufficient to cause alcohol-induced
liver disease in some cases.

In contrast. recent investigations have reported a pro-
tective role of moderate alcohol consumption against FL
[9-13]. Light to moderate alcohol consumption is associ-
ated with lower cardiovascular mortality [14-16] and a
reduced risk of developing type 2 diabetes [17-19].
Mechanisms proposed to explain this observation include
improved lipid profiles, especially high-density lipopro-
tein-cholesterol [15], and increased insulin sensitivity [19—
21]. The mechanism of protection against FL, however,
remains unclear.

In this study, to elucidate the relationship between the
quantity and patterns of alcohol consumption and FL
prevalence, we conducted a cross-sectional study of a male
Japanese population.

Subjects, materials, and methods
Study population

The study subjects were Japanese men aged 30-69 years,
who participated in regular heaith check-ups from April
2000 to March 2007. Of the initial 10,283 candidates, 204
(2.0%) hepatitis B virus surface antigen (HBsAg)-positive
and 195 (1.9%) hepatitis C virus antibody (HCV Ab)-
positive subjects were excluded from the analysis (two
subjects were positive for both HBsAg and HCV Ab). The
remaining 9,886 men were enrolled in this study. Sero-
logical testing for HBsAg and HCV Ab was performed by
enzyme immunoassay and enzyme-linked immunosorbent
assay, respectively. This study, conducted at Kagoshima
Kouseiren Medical Health Care Center, was approved by
the ethics committee of the Kagoshima Prefectural Feder-
ation of Agricultural Cooperatives for Health and Welfare.

A diagnosis of FL. was made, using ultrasonography
(SSA-250A and SSA-700A; Toshiba, Tokyo, Japan; Logic
400; GE Healthcare Japan, Tokyo, Japan), from findings of
bright liver (increased echogenicity) with liver-kidney
contrast (increased echogenicity of the liver in comparison
to the right kidney). Body mass index (BMI) was
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calculated from the equation: body weight (kg)/height2
(m?). Body composition was categorized according to the
Western Pacific Region of WHO criteria pertaining to
obesity (WPRO criteria): BMI <18.5 kg/m2 (underweight),
18.5-22.9 kg/m” (normal weight), 23.0-24.9 kg/m2 (over-
weight), and 25 kg/rn2 or more (obese). Venous blood
samples were taken from all subjects before nine o’clock
after an overnight fast and were analyzed immediately.
Alanine aminotransferase (ALT), aspartate aminotransam-
inase (AST), and y-glutamyl transpeptidase (y-GTP)
activities and the concentrations of total cholesterol, tri-
glycerides, and glucose were measured by standard labo-
ratory procedures. High-density lipoprotein cholesterol
(HDL-C) levels were determined by direct homogeneous
assay of serum samples using detergents (Sekisui Medical,
Tokyo, Japan).

The subjects were investigated for the presence of con-
comitant metabolic abnormalities. Hypertension was defined
as being present in patients on medication for hypertension,
those with systolic blood pressure >130 mmHg, and/or
those with diastolic blood pressure >85 mmHg. Dyslipide-
mia was defined as being present in patients on medication
for dyslipidemia, those with total cholesterol >220 mg/dl,
triglycerides >150 mg/dl, and/or HDL-C <40 mg/dl. Dia-
betes mellitus (DM) was considered to be present in patients
on medication for DM and/or in those with fasting blood
glucose >125 mg/dl. ALT or AST elevations were defined
as levels over 30 IU/L.

Using a common questionnaire, a history of alcohol
intake was determined by a public health nurse without
knowledge of the status of FL. Each subject reported their
current frequency of alcohol consumption (A, 0; B, 1-5; C,
6-10; D, 11-20; E, >21 days/month) and volume of
alcohol drunk per day (a, <20; b, 20-39; c, 40-59; d,
60-99; e, >100 g/day). All participants except former
drinkers were divided into four groups according to the
frequency (A-E) and volume (a—e) of alcohol consump-
tion, as follows: non-drinkers, A; light drinkers, B-a-e,
C-a—c, D-a or -b, E-a; moderate drinkers, C-d or -e, D-c or
-d, E-b or -c; and heavy drinkers, D-e, E-d or -e (daily
volumes consumed by non-, light, moderate, and heavy
drinkers were approximately 0, <20, 20-59, and >60 g/day,
respectively).

Statistical analysis

The distributions of each variable were compared between
FL subjects and non-FL subjects. Continuous variables,
including age, BMI, ALT, AST, y-GTP, triglycerides, and
HDL-C, were analyzed by r-test, and categorical variables
were examined by the y? test. In addition, associations of
alcohol consumption (non-, light, moderate, and heavy
drinkers) with clinical factors and smoking status were
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examined by analysis of variance (ANOVA) or the 7% test.  Results
Maximum likelihood odds ratios (ORs) for FL risk and

their 95% confidence intervals (95% Cls) were calculated

using logistic regression models. Statistical analyses were

performed using STATA version 9.2 (StataCorp, TX,

USA). All P values presented are two-sided.

Table 1 Characteristic features of study subjects

Subject description

Among the 9,886 subjects, 3,816 men (38.6%) met the

criteria for FL. (Table 1). The subjects’ characteristic

All Fatty liver P value
(=) (+)

Number (%) 9886 (100%) 6070 (100%) 3816 (100%)

Age (years) 50.7 [50.5, 50.9] 514 [51.2, 51.7] 49.5 [49.2, 49.8] <0.001*
30-39 12.0% 11.4% 12.8% <0.001#*
40-49 31.2% 28.2% 36.0%

50-59 32.5% 32.6% 32.5%
60-69 24.3% 27.8% 18.6%

BMI 23.7 123.6, 23.7] 22.5[22.5, 22.6] 25.6 [25.5, 25.7] <0.001*
<18.5 2.4% 3.9% 0.1% <0.001**
18.5-22.9 37.7% 51.9% 15.2%
23.0-24.9 26.9% 27.3% 26.4%
25~ 33.0% 17.0% 58.4%

Laboratory data
ALT (IU/L) 25.7 [25.5, 36.7) 21.6 [21.4, 21.8] 33.9 [33.3, 34.4] <0.001*
AST (IU/L) 24.7 [24.5, 24.9] 23.4 (23.2, 23.6] 27.0 [26.7, 27.3] <0.001*
7-GTP (1U/L) 36.2 [35.6, 36.7] 30.7 [30.1, 31.3] 47.0 [45.9, 48.1) <0.001*
Triglycerides (mg/dl) 120 {119, 122} 102 {100, 103] 156 [153, 139] <0.001*
HDL-C (mg/dl) 53.9 [53.6, 54.2] 57.0 [56.7, 57.4] 49.3 [48.9, 49.6] <0.001*

Presence of clinical manifestation
Fatty liver 38.6%

ALT elevation 32.7% 18.8% 54.8% <0.007 ##*
AST elevation 21.2% 15.3% 30.5% <0.00] #**
Hypertension 46.5% 42.1% 53.5% <0.001%#*
Dyslipidemia 55.9% 45.9% 71.8% <0.001#%:#
Diabetes mellitus 11.4% 7.9% 16.8% <0.001#*+*

Smoking status
Never smoker 29.4% 29.7% 28.8% 0.001 *+**
Former smoker 31.2% 29.9% 33.3%

Current smoker 39.4% 40.4% 37.9%

Alcohol consumption
Never drinker 8.6% 7.7% 10.0% <0.007 ***
Former drinker 2.9% 2.6% 33%

Light drinker 45.9% 45.4% 46.7%
Moderate drinker 39.1% 40.8% 36.4%
Heavy drinker 3.5% 3.4% 3.6%

Data are presented as geometric means [corresponding 95% confidence intervals] or proportions

BMI body mass index, ALT alanine aminotransferase, AST aspartate aminotransaminase, y-GTP y-glutamyl transpeptidase, HDL-C high-density

lipoprotein cholesterol

* P values were obtained by 7 test
*% P values for trend were obtained by likelihood ratio test using a logistic regression model
##% P values were obtained by 77 test
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features and the differences in biological parameters in
relation to FL are summarized in Table 1. There were
1,131 (11.4%) non-drinkers, including 284 former drinkers;
4,540 (45.9%) light drinkers, 3,868 (39.1%) moderate
drinkers; and 347 (3.5%) heavy drinkers.

The subjects with FL were significantly younger than the
the subjects without FL (P < 0.001). BMI was significantly
higher in FL (+) subjects in comparison to FL (—) subjects
(P < 0.001). ALT, AST, and two parameters typically
increased in association with alcohol consumption, y-GTP

and triglycerides, were significantly higher in FL (+) sub-
jects in comparison to those who were FL (—) (all
P < 0.001). In contrast, HDL-C, another parameter corre-
lated with alcohol consumption, was lower in the FL (+)
subjects than in FL (—) subjects (P < 0.001).

There was a U-shaped association between the preva-
lence of FL and categories of alcohol consumption
(P < 0.001; Table 2). The prevalence of FL was highest in
never drinkers among the five categories of alcohol con-
sumption. AST, y-GTP, triglycerides, and HDL-C, which

Table 2 Comparison of characteristic features across the categories of alcohol consumption

Never drinker Former drinker Light drinker Moderate drinker ~ Heavy drinker P value

Number 847 (100%) 284 (100%) 4,540 [100%) 3,868 (100%) 347 (100%)

Age (years) 51.6 [50.9, 52.3]  54.0 [52.8,55.2]  50.4[50.1,50.7]  50.7 [50.4, 51.0] 48.1 [47.3, 489]  <0.001*
30-39 11.5% 7.8% 14.0% 10.0% 11.8% <0.007%*
40-49 28.7% 23.9% 30.6% 32.4% 39.2%

50-59 30.0% 27.8% 29.4% 36.4% 40.6%
60— 29.9% 40.5% 26.0% 21.2% 8.4%

BMI (kg/m?) 23.7 [23.5,24.0] 23.61{23.2,24.0] 23.7[23.6,23.8] 23.6 (235, 23.7] 23.9]23.5, 24.2] 0.031%*
<18.5 2.6% 4.2% 2.5% 2.0% 2.9% 0.048%*
18.5-22.9 37.4% 38.4% 37.0% 38.9% 34.0%
23.0-24.9 24.6% 25.0% 26.6% 27.9% 28.2%

25.0- 35.4% 32.4% 33.9% 31.2% 34.9%

Laboratory data
ALT (1U/L) 25.4[24.6,26.8]  28.0126.2,29.8] 254(25.0,25.7] 25.6{25.2, 26.0] 30.5 [28.9, 32.3]  <0.001**
AST (IU/L) 22.7122.2,23.1]  2431(233,254] 23.7(235,239] 26.0(25.7, 26.3] 30.5129.1,32.0]  <0.001%*

Fatty liver (—) 21.1120.6,21.6] 224 [21.3,23.6] 224 (22.1,22.6] 24.7[24.4,25.0] 285 [27.1,30.0]  <0.001%%*
Fatty liver (+) 24.7123.9,25.6] 27.0[25.2,289] 25.8[25.5,262] 285 (28.0,29.1] 33.8 [31.1,36.8]  <0.001%**
7-GTP (IU/L) 22.5(21.6,233] 25.8[23.9,27.9] 30.2(29.6,30.8] 48.1(46.9, 49.2] 67.1 [61.4,73.4) <0.001%*
Fatty liver (—) 18.1[17.3,18.9]  21.2[19.3,23.3] 253 (24.8,26.0] 40.8 [39.6, 42.0] 57.0 1509, 63.8]  <0.001%**
Fatty liver (4) 292 [27.6, 31.0]  33.4[29.9,37.3] 39.7 [38.5,409] 645 [62.1, 67.0] 85.8 [74.9, 98.3]  <0.001%**
Triglycerides (mg/dl) 116 {111, 120] 107 [100, 113] 115 [113, 116] 127 (124, 130] 147 {137, 158] <0.0071%*
HDL-C (mg/dl) 48.2 [47.5,48.9] 49.8 [48.3,51.2] 524 (52.0,52.7)  57.1 [56.6, 57.5] 58.2 [56.6, 59.7]  <0.001**

Presence of clinical manifestation
ALT elevation 32.4% 37.3% 31.2% 33.0% 45.5% <0.001%#*
AST elevation 13.8% 20.4% 17.1% 26.3% 37.2% <0.001%*
Dyslipidemia 60.3% 56.3% 53.8% 56.8% 62.5% <0.001**
Fatty liver 45.1% 43.7% 39.3% 35.9% 40.1% <0.001%*
Hypertension 37.4% 44.7% 42.6% 52.2% 58.5% <0.001**
Diabetes mellitus 11.3% 18.0% 10.2% 12.3% 11.5% <0.001%*

Smoking status
Never smoker 37.5% 36.6% 36.8% 19.6% 15.6% <0.001%**
Former smoker 24.1% 39.8% 30.0% 33.6% 30.3%

Current smoker 38.4% 23.6% 33.2% 46.8% 54.2%

Data are presented as geometric means [corresponding 95% confidence intervals] or proportions

BMI body mass index, ALT alanine aminotransferase, y-GTP y-glutamy! transpeptidase, AST aspartate aminotransaminase, HDL-C high-density

lipoprotein cholesterol

* P values obtained by analysis of variance (ANOVA) after logarithmic transformation of each data

#+ P values obtained by z” test

**% P yvalues obtained by likelihood ratio test
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are known factors associated with alcohol consumption,
were significantly increased across the categories with
increasing alcohol consumption (all P < 0.001). In addi-
tion, AST and y-GTP were significantly higher in FL (+)
subjects in comparison with FL (—) subjects in each cat-
egory of alcohol consumption, and these parameters
increased across the categories with increasing alcohol
consumption in subjects both with and without FL.

Table 3 Predictive factors of fatty liver by logistic regression analysis

Independent predictors of fatty liver

Independent predictors significantly affecting the preva-
lence of FL were identified by logistic regression analysis
(Table 3). FL risk tended to decrease with age and increase
with BMI. A significant elevation of FL risk was observed
in subjects with ALT elevation, hypertension, dyslipide-
mia, and DM. Multivariate analysis revealed that alcohol

All subjects

Limited subjects®

Univariate OR [95% Cl]

Multivariate OR [95% CI}* Multivariate OR [95% CI|°

Age (years)
30-39 ) 1.0 (referent)
40-49 1.14 [0.99, 1.30]
50-59 0.89 [0.78, 1.02]
60-69 0.59 10.51, 0.69]
P for trend <0.001

BMI (kg/m?)
<18.5 0.05 {0.01, 0.19]
18.5-22.9 1.0 (referent)
23.0-24.9 3.30 [2.93, 3.72]
>25 11.8 {10.5, 13.2}
P for trend <0.001

Presence of clinical manifestation

ALT elevation
Hypertension
Dyslipidemia
Diabetes mellitus
Smoking status
Never smoker
Former smoker
Current smoker
P for heterogeneity
Alcohol consumption
Never drinker
Former drinker
Light drinker
Moderate drinker
Heavy drinker
P for trend

5.23 [4.78, 5.73]
1.59 {1.46, 1.72]
3.00 {2.75, 3.27]
2.34 {2.06, 2.65]
1.0 (referent)
1.15 [1.04, 1.28]
0.97 [0.88, 1.07]
0.001

1.0 (referent)
0.91 10.72, 1.24]
0.79 10.68, 0.91]
0.68 {0.59, 0.79]
0.81 10.63, 1.05]
<0.001

1.0 (referent)
1.27 [1.07, 1.52]
1.14 {0.95, 1.36] 0.92 [0.52, 1.64]
0.84 [0.69, 1.02) 0.94 [0.50, 1.76]
<0.001 0.333

1.0 (referent)
1.41 [0.82, 2.41}]

0.06 10.01, 0.25) -

1.0 (referent) 1.0 (referent)
2.42 [2.12, 2.75] 3.15 [2.04, 4.86]
6.01 [5.27, 6.84] 5.50 {3.40, 8.89]
<0.001 <0.001

246 [2.19, 2.771° -
1.18 [1.06, 1.32]
1.19 [1.05, 1.35] -
1.88 [1.61, 2.20]

1.0 (referent) 1.0 (referent)
1.07 [0.94, 1.22] -

0.83 [0.73, 0.95] 0.58 [0.39, 0.87]
<0.001

1.0 (referent) 1.0 (referent)

0.89 [0.63, 1.25] -

0.71 10.59, 0.86] 0.71 [0.38, 1.34]
0.55 10.45, 0.67} 0.81 [0.40, 1.62]
0.44 [0.32, 0.62] 0.54 10.15, 2.03]
<0.001 0.525

P values were obtained by likelihood ratio test
ALT alanine aminotransferase, BM/ body mass index

* Odds ratios (ORs) and corresponding 95% confidence intervals [95% ClIs] were obtained by logistic regression models using variables in this
table and serum levels of alanine aminotransferase, y-glutamyl transpeptidase, triglycerides, and high-density lipoprotein cholesterol

> ORs and corresponding 95% Cls were obtained by logistic regression models using variables in this table and serum levels of j-glutamyl

transpeptidase, triglycerides, and high-density lipoprotein cholesterol

¢ Subjects were limited to those who had no history of ALT elevation, hypertension, dyslipidemia, and diabetes mellitus. Subjects who stopped
drinking or who were ex-smokers were also excluded from the analysis (n = 1,481)

9 There was no subject with fatty liver in this BMI category
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consumption was inversely associated with FL risk, after
adjusting for the effects of all variables in Table 3, and
serum levels of ALT, y-GTP, triglycerides, and HDL-C
(P for trend <0.001). This association was still present
when the study subjects were limited to those who were not
former smokers or drinkers, and who had no history of
ALT elevation, hypertension, dyslipidemia, and DM,

although the ORs for alcohol consumption were not sta-

tistically significant.
Influence of drinking patterns on FL prevalence

The prevalence of FL was examined in 10 subgroups
classified by the frequency of alcohol consumption (0,
1-10, 11-20, and >20 days/month) and volume of alcohol

Fig. 1a,b Relationship of
drinking patterns (frequency
and volume in a drinking day)
with the prevalence of fatty liver 60

and obesity

{A) Fatty liver

" Prevalence T

0

Frequency (day/month)

1-10 -
1120 oy

consumed on days subjects drank (0, <20, 20-59, and
>60 g/day) (Fig. 1). The prevalence of FL in non-drinkers
was 44.7%. The prevalences of FL in those who consumed
alcohol on 1-10, 11-20, and >21 days/month were 41.8,
39.1, and 30.7% (<20 g/day); 52.8, 48.5, and 35.0%
(20-59 g/day); and 54.9, 53.6, and 38.4% (=60 g/day),
respectively. The prevalence of FL decreased with
increased frequency of alcohol consumption and increased
with increasing volumes of alcohol consumed per day
(Fig. 1, Table 4).

For current alcohol drinkers, the FL risk was examined
based on alcohol drinking patterns, the frequency of alco-
hol consumption, and the daily volume of alcohol
(Table 4). There was a significant inverse association
between the frequency of alcohol consumption and the risk

(B) Obesity
; Prevalence —7 ————————
¥ 60 r/' a (g
f ol f
?l 50 | i
i
| 40 | g
§ 30 i |
i
20 | ;
|
60- 10 i 60-
. 20-59 L 20-59
. <20 0 <20
0  Volume 0 4.10 14-20 ) ] Volume
in a drinking day 21- in a drinking day
(g/day) Frequency (day/month) (g/day)

Table 4 Estimated risk of farty liver and obesity by alcohol drinking patterns among current alcohol drinkers

Fatty liver

Obesity

Number (%)

OR [95% CIT*

Number (%) OR [95% CI®

Frequency (days/month)

1-10 (n = 1,953) 921 (47%) 1.0 (referent) 775 (40%) 1.0 (referent)

11-20 (n = 863) 384 (45%) 0.92 [0.75, 1.12} 326 (38%) 1.05 [0.86, 1.27]

21~ (n = 5,939) 2,005 (34%) 0.62 [0.53, 0.71] 1,765 (30%) 0.87 [0.76, 1.00]
P value <0.001* <0.001% <0.001* <0.033"
Alcohol volume (g/drinking day)

1-20 (n = 3,438) 1,206 (35%) 1.0 (referent) 1,042 (30%) 1.0 (referent)

21-59 (n = 4,705) 1,823 (39%) 1.02 [0.90, 1.15] 1,566 (33%) 1.18 {1.05, 1.33]

60— (n = 612) 281 (46%) 0.83 [0.66, 1.04] 258 (42%) 1.41 [1.14, 1.74)
P value <0.001* 0.378™ <0.001% <0.001%

# P values were obtained by x> test
# P values for trend were obtained by likelihood ratio test

2 Odds ratios (ORs) and corresponding 95% confidence intervals [95% Cls] were obtained by logistic regression models using alcohol drinking
patterns (frequency/daily alcohol consumption); age; body mass index; height; smoking status; the presence of alanine aminotransferase
elevation, hypertension, dyslipidemia, and diabetes mellitus; and serum levels of alanine aminotransferase, y-glutamyl transpeptidase, triglyc-

erides, and high-density lipoprotein cholesterol

b ORs and 95% Cls were obtained by logistic regression models using alcohol drinking patterns (frequency/daily alcohol consumption); age;
height; smoking status; the presence of fatty liver, alanine aminotransferase elevation, hypertension, dyslipidemia, and diabetes mellitus; and
serum levels of alanine aminotransferase, y-glutamyl transpeptidase, triglycerides, and high-density lipoprotein cholesterol
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of FL. (P for trend <0.001). On the other hand, alcohol
volume was not related to the risk of FL (P for
trend = 0.378).

Influence of drinking patterns on body composition

The association between alcohol drinking patterns and the
prevalence of obesity, which is the most important risk
factor for FL, are shown in Fig. b and Table 4. The
prevalence of FL in non-drinkers was 34.6%. The preva-
lences of obesity in those who consumed alcohol on 1-10,
11-20, and >21 days/month were 34.3, 31.2, and 28.1%
(<20 g/day); 43.7, 41.8, and 30.4% (20-59 g/day); and
53.0, 53.7, and 32.6% (>60 g/day), respectively. As with
the prevalence of FL, the prevalence of obesity decreased
with increasing frequency of alcohol consumption and
increased with the increasing alcohol volume in a drinking
day (Table 4).

Logistic regression analysis (Table 4) revealed a sig-
nificant association between the volume of alcohol in a
drinking day and the risk of obesity (P for trend <0.001). In
addition, consistent alcohol consumption tended to reduce
the likelihood of obesity (OR 0.87, 95% CI 0.76-1.00,
P for trend 0.033).

Discussion

This study demonstrated that FL in men was positively
associated with factors including the presence of obesity,
hypertension, dyslipidemia, and DM, but was negatively
associated with age and alcohol consumption. Although
our survey was not prospective in nature, these findings
confirm that the major risk factors for FL are factors related
to adiposity [1-4], not alcohol consumption, findings which
agree with recent reports proposing a protective effect of
alcohol intake [9-13]. We also confirmed that alcohol
consumption tended to be negatively associated with FL in
the limited number of subjects who had no history of ALT
elevation, hypertension, dyslipidemia, or DM. In addition,
our study may provide new evidence to help understand the
role of alcohol drinking patterns in the pathogenesis of
hepatic steatosis.

While alcohol consumption certainly may be a cause of
FL in some cases [7, 8], it potentially plays a protective
role against FL regardless of daily alcohol volume. Gunji
et al. previously reported that “any drinking” might
potentially be protective against FL; light (40-140 g/week)
and moderate alcohol (140-280 g/week) consumption
decreased the risk of FL, and the prevalence of FL was not
increased even by heavy alcohol consumption [12]. Our
study is also a report providing evidence of a significant
inverse association between FL and alcohol consumption,

even in heavy drinkers (>60 g/day) (Table 3). We consider
that alcohol consumption is a double-edged sword in the
pathogenesis of hepatic steatosis. The difference in the
results of our study and previous studies proposing alcohol
consumption as a risk factor for FL. may be due to differ-
ences in the ethnicity, age, BMI, and lifestyle (drinking
style, type of alcohol, dietary habits, etc.) of the subjects in
each study.

In the present study, we examined the relationship
between drinking patterns (frequency of alcohol con-
sumption and volume of alcohol in a drinking day) and
FL. Consistent alcohol consumption (>21 days/month)
reduced the risk of FL independently (Table 4). In addi-
tion, consistent alcohol consumption may reduce the like-
lihood of obesity (Table 4), possibly contributing to a
lowered risk of FL. Thus, consistent alcohol consumption
may provide a protective effect on FL development in
association with or without obesity. Conigrave et al. [22]
reported that light to moderate alcohol consumption was
inversely associated with an increased risk of DM in men
only when consumed frequently (>5 days/week). Con-
sumption of alcohol on at least 3—4 days per week was
associated with a decreased risk of myocardial infarction in
men [23]. Consistent alcohol exposure may contribute to
the favorable association with FL seen in the present study,
as well as contributing to the favorable association with
type 2 diabetes and ischemic heart disease reported in the
studies cited above [22, 23], suggesting a common mech-
anism in these metabolic diseases.

We examined the relationship between alcohol volume
in a drinking day and FL. Although the prevalence of FL
increased with the increase in the daily volume of alcohol
consumption (Fig. 1), no significant association between
FL prevalence and the daily volume of alcohol consump-
tion could be identified by logistic regression analysis after
adjusting for BMI and other factors related to adiposity
(Table 4). On the other hand, an increase in the daily
volume of alcohol consumption was associated with an
increased risk of obesity (Fig. 1; Table 4). We consider
that excessive alcohol consumption in a drinking day may
cause an alteration of body composition, most likely due to
inadequate drinking and eating lifestyles, such as a pro-
longed duration of eating and increased calorie intake,
probably resulting in the increasing prevalence of FL seen
in the present study. These factors may influence the
conflicting results reported about the relationship between
alcohol consumption and the prevalence of FL.

Recent investigations have elucidated some of the
mechanisms by which alcohol alters liver metabolism. Two
critical nuclear transcription factors, sterol regulatory ele-
ment binding protein (SREBP) [24] and peroxisome pro-
liferator activated receptor alpha (PPARx) [25], are altered
with alcohol consumption. You et al. [26] reported a role
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for AMP activated protein kinase activity in the action of
ethanol on the liver. In addition, disturbances in the cyto-
kine network, including alterations in the tumor necrosis
factor-o (TNF-a) [27] level, were shown to be involved in
ethanol-induced steatosis. These pivotal factors, however,
appear to be common in the pathogenesis of both NAFLD
[28-30] and AFLD. Therefore, the inverse association
between FL and alcohol consumption cannot be explained
by these alterations alone.

It has been reported that moderate alcohol intake
enhances insulin sensitivity [19, 20], contributing to a
lower risk of DM. It was shown that moderate alcohol
consumption was associated with a lower prevalence of
both nonalcoholic steatohepatitis (NASH) and DM [11].
Sierksma et al. [21] hypothesized that the increase in
adiponectin after chronic moderate alcohol consumption
would cause an increase in insulin sensitivity in relatively
insulin-resistant men. In addition, alcohol consumption
also alters apolipoprotein profiles. Elevations in HDL
cholesterol levels confer a lower risk of chronic heart
disease [16]. Recently, studies examining the pathogenesis
of NASH have demonstrated an association of hepatic
apolipoprotein synthesis/secretion with the development of
steatosis [31, 32]. Our study provides evidence that the risk
of FL is decreased across the categories of alcohol con-
sumption, despite an increase in serum triglyceride levels.
Alcohol dehydrogenase-mediated ethanol metabolism
generates a redox shift in the liver, which stimulates the
synthesis of fatty acids. Subsequent removal of these fatty
acids may be of benefit to prevent the development of FL.

Although the level of AST is considered to be higher
than that of ALT in the majority of alcoholic liver diseases,
the AST level was similar to that of ALT in moderate and
heavy drinkers in our study (Table 2). In addition, our
study demonstrated that liver injury assessed by AST and
»-GTP was positively associated with alcohol consumption
regardless of the presence or absence of FL (Table 2). It
was reported that the distribution of ratios of AST to ALT
(AST/ALT) <1 and >1 was not different between healthy
non-drinkers and moderate drinkers of normal weight or
with obesity [33]. The ALT level was also similar to the
AST level in moderate drinkers of normal weight, and it
was observed that the effect of moderate alcohol con-
sumption on liver-derived enzymes, including AST, ALT,
and y-GTP, increased with increasing BMI [33]. These
results indicate that the relationships between alcohol
consumption, BMI, and different serum liver-derived
enzymes in drinkers should be considered. We should also
pay attention to the finding that the absence of FL assessed
by ultrasonography does not necessary rule out liver injury
in drinkers.

There are several limitations in our study. Firstly, we did
not enroll women subjects, although 7097 women subjects
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were investigated, because most of the women did not
drink, or they drank 20 g/day at most; the number of
subjects who drank more than 20 g/day was only 153 and
the number of subjects with FL was 33. Thus, the sample
size was insufficient to elucidate the association between
alcohol drinking patterns and FL risk in women by the
methods used in the present study. Secondly, subjects with
other liver diseases, including autoimmune hepatitis and
primary biliary cirrhosis, were not excluded. In addition,
the association between alcohol consumption and FL
prevalence was estimated by multivariate analysis after
adjusting for age; BMI; the presence of hypertension,
dyslipidemia, or DM; and smoking status. However, it is
possible that additional factors for which we did not adjust
may have influenced the results. One such factor is adult-
onset type II citrullinemia (CTLN2) [34], an inherited
metabolic disease caused by a deficiency of mitochondrial
aspartate/glutamate carrier protein. Because of an impair-
ment of cytosolic NADH oxidation, CTLN2 patients show
both steatohepatitis and alcohol intolerance [35]. Thus,
there may have been some differences in metabolic back-
ground, such as the capacity for alcohol oxidation or
NADT/NADH metabolism, across the categories of alcohol
consumption that could have affected the prevalence of FL.
Thirdly, drinking habits are influenced by a polymorphism
in the aldehyde dehydrogenase 2 (ALDH2) gene, and this
polymorphism may affect our analysis. However, our study
did not examine this polymorphism, and the alcohol-
flushing response, which can be used to roughly estimate
the presence of this polymorphism, was not investigated in
the questionnaire. Furthermore, although treatment with an
angiotensin 11 type 1 receptor blocker or peroxisome pro-
liferator-activated receptor agonists is known to alleviate
FL, we did not obtain information from the subjects about
their use of these medications. Fourthly, the diagnosis of
FL. was made using abdominal ultrasonography, which
defines the presence or absence of fatty steatosis. Diagnosis
by ultrasonography may overlook a subset of advanced
AFLD or NAFLD, so called “burnt-out steatohepatitis”, in
which fatty steatosis is reduced. Lastly, although direct
interviews were carried out by trained medical staff, self-
reported information on alcohol consumption may lead to
under- or over-reporting. The influence of the type of
alcoholic beverage was also not taken into account in this
study. Further studies will be needed to clarify these issues.

In conclusion, this study demonstrates that the major
risk factors for FL in Japanese men are factors related to
adiposity, not alcohol consumption, and that consistent
consumption of alcohol may play a protective role against
FL. These results suggest that lifestyle modifications aimed
at fighting central obesity and metabolic abnormalities
should be the most important recommendations for the
management of FL. In addition, it seems unlikely that the
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risk of FL can be reduced by the discontinuation and/or
reduction of alcohol consumption alone. Further studies are

required to better understand FL pathogenesis and
management.
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