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Abstract

Background & Aims: The relationship between the frequency of drinking and fatty
liver in the general population is still poorly understood. This study analysed data
from a large cohort who underwent health checkups in Japan between 2008 and
2019 to investigate the prevalence and incidence of fatty liver by alcohol consump-
tion and risk factors for fatty liver.

Methods: The prevalence of fatty liver diagnosed with ultrasonography was calculated
in 75,670 residents. The incidence of fatty liver in 31,062 residents who underwent
ultrasonography at least twice during the period without fatty liver at the first time was
calculated using the person-year method. Multivariate logistic analysis was performed
to investigate risk factors associated with the prevalence and incidence of fatty liver.
Results: The prevalence of fatty liver was 27.6% (95% confidence interval [Cl], 27.2-
27.9) in non-drinkers, 28.5% (27.5-29.5) in moderate-drinkers and 28.0% (26.0-29.9) in
heavy-drinkers. The incidence of fatty liver was 3,084/100,000 person-years (2,997-
3,172/100,000) in non-drinkers, 3,754/100,000 person-years(3,481-4,042/100,000)
in moderate-drinkers and 3,861/100,000 person-years (3,295-4,497/100,000) in
heavy-drinkers. The prevalence and incidence of fatty liver were not associated with
drinking status. Obesity was the most important independent risk factor (prevalence:
adjusted odds ratio [AOR], 6.3; 95% Cl, 6.0-6.5; incidence: AOR, 2.4; 95% Cl, 2.3-2.6).
Conclusions: Drinking status does not affect the prevalence or incidence of fatty
liver in Japanese residents undergoing health checkups. From a public health per-
spective, measures for obesity control must be prioritised to reduce the burden of

disease of fatty liver in Japan.
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1 | INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a global health prob-
lem that is becoming more common with changes in dietary
habits and increasing prevalence of obesity. The prevalence of
NAFLD varies across countries or regions: it has been reported
to be 27.37% in Asia, 31.79% in the Middle East, 24.13% in North
America, 30.45% in South America, 23.71% in Europe and 13.48%
in Africa.!

To diagnose NAFLD, alcoholic fatty liver disease (AFLD) needs
to be ruled out. Japanese guidelines define the upper limit of alcohol
consumption for diagnosis of NAFLD as 30 g/day of pure ethanol
in males and 20 g/day of pure ethanol in females.? However, some
argue that the distinction between NAFLD and AFLD has little clini-
cal significance.®>* Recently, defining fatty liver disease as metabolic
dysfunction-associated fatty liver disease (MAFLD), regardless of
alcohol consumption or other concomitant liver diseases, has been
proposed.5 However, the prevalence and incidence of fatty liver and
risk factors for fatty liver by alcohol consumption in the general pop-
ulation remain unclear. This study aimed to investigate these factors
through the analysis of data from a large cohort who underwent

health checkups in Japan.

2 | MATERIALS AND METHODS

This study was designed as a retrospective observational study. It
included residents who underwent health checkups in Hiroshima
or Iwate Prefecture, Japan. This cohort consisted of all residents
who underwent a health checkup provided by the Foundation for
Community Health and Medicine Promotion in Hiroshima Prefecture
between April 2013 and July 2018 (5 years) or the lwate Prefectural
Preventive Medicine Association between April 2008 and March
2019 (11 years). Among total 3,817,770 (Hiroshima: 172,819, Iwate:
3,644,951) number of health checkup data, 856,296 were avail-
able after excluding duplicates (Figure 1). Analyses were performed
using anonymised data collected from a questionnaire completed
at the health checkup, laboratory testing results and abdominal ul-
trasonography results. Ultrasonography is not a mandatory item for
health checkups but an optional test for those who wish. Fatty liver
was diagnosed if any of the following four ultrasonic findings were
present: bright liver, hepato-renal contrast, deep attenuation and
vascular blurring."" A clinical laboratory technician made the primary
diagnosis, and a radiologist reviewed the images to make the final

diagnosis.
2.1 | Alcohol consumption
Alcohol consumption was evaluated in 820,028 residents without

hepatitis B virus (HBV) or hepatitis C virus (HCV) infection who

responded to a questionnaire about alcohol use at their first health
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checkup during the study period (Figure 1). Of them, the number of
subjects 270 years old was smaller than the other age groups, but
all the other age groups were almost the same number (Figure 2A).
HBV and HCV infection status were defined based on the results
of screening tests which were carried out for applicants at health
checkups during the study period. The questionnaire for alcohol
intake was based on the standard form prescribed by the Ministry
of Health, Labor and Welfare in Japan for the Specific Health Check
and Guidance program (Tokutei-Kenshin) provided by all insurers to
all adults over 40 years old in Japan. Subjects were asked to indicate
their drinking frequency (daily, sometimes and rarely) and amount
of alcohol consumed in units of glasses of sake. A glass (180 mL)
of this traditional Japanese alcohol beverage contains 20 g of pure
ethanol. For other alcohol types, an equivalence in glasses of sake
was used (500 mL for beer, 60 mL for whisky, 240 mL for wine
and 110 mL for shochu, another traditional Japanese beverage).
The results of the alcohol consumption questionnaire were used to
classify the respondents into three categories: non-drinkers, mod-
erate drinkers and heavy drinkers. A non-drinker was defined as a
male with alcohol consumption (pure ethanol equivalent) of <30 g/
day or a female who consumed <20 g/day. A moderate drinker was
defined as a male who consumed 30-60 g/day or a female who
consumed 20-40 g/day. A heavy drinker was defined as a male who
consumed 260 g/day or a female who consumed 240 g/day. The
distribution of alcohol consumption was evaluated by sex and age
group.

2.2 | Prevalence of fatty liver

Among the 820,028 study participants, the prevalence of fatty liver
was investigated in 75,670 residents (44,424 males and 31,246 fe-
males) who underwent abdominal ultrasonography at least once dur-
ing the study period (Figure 1). The largest age group for males and
females was 50-59 years (Figure 2B). For this study, fatty liver was
defined as fatty liver detected by abdominal ultrasonography. The
prevalence of fatty liver based on the results of the first abdomi-
nal ultrasonography examination during the study period was cal-
culated by alcohol consumption, sex, and age group. Fatty liver in
non-drinkers who did not test positive for HBV or HCV was defined
as NAFLD.

2.3 | Incidence of fatty liver

The incidence of fatty liver was calculated using longitudinal data.
Among the 75,670 residents mentioned above, 31,062 who under-
went ultrasonography at least twice during the study period and were
not diagnosed with fatty liver based on the first ultrasonography ex-
amination were included in the analysis (Figure 1). The incidence of
fatty liver was calculated by sex, age, and alcohol consumption using

the person-year method.
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Hiroshima and Iwate Prefectures
April 2008-March 2019
Total health checkups data available: 3,817,770

‘>| Duplicate: 2,961,474

Number of residents: 856,296 |

Excluded 1,877;
HBsAg (+): 1,439, Anti-HCV(+): 440,
(superinfection:2)

A

Number of residents without viral hepatitis: 854,419

.| Excluded 34,391;
No data about alcohol consumption

N

Data available for alcohol consumption :
820,028

Excluded 744,358;
Did not undergo ultrasonography

Underwent ultrasonography:

75,670

Excluded 44,608;
Ultrasonography < 2 times
Fatty liver at the first examination

Ultrasonography = 2 times and no fatty liver at
the first examination :

31,062 (177,371 person-years)

l

Newly diagnosed with fatty liver : 5,628
(Incidence: 3,173 / 100,000 person-years)

2.4 | Statistical analysis

Chi-square test with post hoc multiple comparisons by Bonferroni
correction were used to compare groups. Multiple logistic regression
analysis was performed to determine risk factors associated with the
prevalence or incidence of fatty liver using age group, sex, alcohol
consumption, presence or absence of diabetes, and body mass index
(BMI). Statistical analyses were conducted using JMP14.2.0 soft-
ware (SAS Institute Inc, Cary, NC, USA); p values of less than 0.05

were regarded as statistically significant.

2.5 | Ethics considerations

This was a retrospective observational study using existing data
without any interventions. The existing data were converted into an
anonymous database to protect privacy. This study received ethics
approval for the use of data with an opt-out methodology based on
the low risk of harm to the participants. The ethics committees for
epidemiological research at Hiroshima University, Japan waived the
need for further informed consent and approved the study (approval
number, E-1082). All study activities were performed in accordance

with relevant guidelines and regulations.

FIGURE 1 Flow of the study.
Flowchart of selecting study subjects from
the health checkup database in Hiroshima
(April 2013-July 2018) and Iwate (April
2008-March 2019) prefectures, Japan

--- Prevalence Study

--- Incidence Study

3 | RESULTS
3.1 | Alcohol consumption

Figure 3 and Supplementary Table S1 show alcohol consumption
among study participants in Hiroshima and Iwate by sex and age
group. The percentage of residents who drank alcohol every day
was highest in males aged 50-59 years (50.9%) and in females aged
40-49 years (15.2%). The percentage of residents who drank three
glasses or more per day was highest among males aged 40-49 years
(3.7%). The distribution of alcohol consumption by sex and age group
was similar in Hiroshima and Iwate despite being geographically far
from east to west (Supplementary Table S1).

3.2 | Characteristics of study participants who
underwent ultrasonography stratified by alcohol
consumption

After excluding duplicates, there were 856,296 residents who under-
went health checkups. After excluding 1,877 residents who tested
positive for HBV or HCV and 34,391 residents with no data about alco-

hol consumption from the questionnaire, there were 820,028 potential
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FIGURE 2 Agedistribution of (A) all subjects who underwent health checkups with or without ultrasonography and answered for alcohol
consumption, B) subjects who underwent ultrasonography at health checkups and answered for alcohol consumption. The largest and
smallest age groups for those who underwent ultrasonography were 50-59 years and 20-29 years for both males and females. Age is the age
at the time of the survey

study participants. Among them, 75,670 (9.2%) underwent ultrasonog- 3.3 | Prevalence of fatty liver

raphy at a health checkup (Figure 1). Of these 75,670 residents, 65,194

(89.2%) were non-drinkers, 8,424 (8.9%) were moderate drinkers and Fatty liver was detected in 27.7% (20,994/75,670, 95% confi-
2,052 (1.9%) were heavy drinkers. Table 1 shows the characteristics of dence interval [Cl]; 27.4-28.1) of residents who underwent ultra-

study participants by alcohol consumption. The percentage of males sonography at a health checkup. Non-drinkers made up 85.8% of
in non-drinkers was lower than those in moderate or heavy drinkers residents with fatty liver. Therefore, 23.7% (N = 17,969) of the
(56.2%, 75.9% and 72.8% respectively). The percentage of obese indi- 75,670 residents were considered to have NAFLD. The prevalence

viduals (BMI 225 kg/m?) was 28.6% in non-drinkers, 31.4% in moder- of fatty liver was 27.6% (17,969/65,194, 95% Cl; 27.2-27.9) in
ate drinkers, and 27.6% in heavy drinkers. The percentage of residents non-drinkers, 28.5% (2,401/8,424, 95% Cl; 27.5-29.5) in moder-
with diabetes was 6.3% in non-drinkers, 6.6% in moderate drinkers, ate drinkers and 28.0% (574/2,052, 95% Cl; 26.0-29.9) in heavy
and 5.0% in heavy drinkers. In study participants with the fatty liver drinkers. There was no significant difference in the prevalence
(N = 20,944), 59.9% of non-drinkers (N = 17,969), 62.6% of moderate of fatty liver in the three groups (P =.1844). In males, fatty liver
drinkers (N = 2,401) and 57.5% of heavy drinkers (N = 574) were obese was observed in 34.8% (N = 12,740/36,624, 95% Cl; 34.3-35.3)
and 12.8%, 13.7% and 10.6% had diabetes respectively. of non-drinkers, 34.3% (N = 2,162/6,307, 95% Cl; 33.1-33.5) of



SUGIYAMA ET AL.

28 | \wiLey BN
INTERNATIONAL

(A) Total N=820,028 (B) Males N=430,686 (C) Females N=389,342
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FIGURE 3 Frequency of alcohol consumption in Japan. This figure

Sometimes (1-2 glasses) ® Sometimes (2-3 glasses) ® Sometimes (>3 glasses)

Daily (1-2 glasses) ®m Daily (2-3 glasses) ®Daily (>3 glasses)

shows the frequency of alcohol consumption in Japan (N = 820,028)

by sex and age group. Each colour represents the amount of alcohol consumption ranging from rarely drinking (light blue) to more than three

glasses per day (dark brown). Age is the age at the time of the survey

TABLE 1 Characteristics of non-drinkers, moderate drinkers and heavy drinkers

Total (N = 75,670)

Fatty liver (N = 20,944)

Moderate
Non-drinkers drinkers

N (%) 65,194 (89.2%) 8,424 (8.9%)
Male (%) 56.2% 75.9%
Age: years (mean +SD) 52.6 +12.2 50.2 +10.3
BMI (mean +SD) 234+ 3.5 23.7+3.5
BMI 225.0 kg/m? 28.6% 31.4%
Diabetes 6.3% 6.6%
Fatty liver 27.6% 28.5%

Heavy Non-drinkers Moderate Heavy drinkers
drinkers (NAFLD) drinkers (AFLD)

2,052 (1.9%) 17,969 (85.8%) 2,401 (11.5%) 574 (2.7%)
72.8% 70.9% 90.1% 82.1%

48.8 +£9.8 529+11.0 51.1+97 50.0+9.7
23.3+3.4 26.2+3.5 263 +3.6 25.7 3.6
27.6% 59.9% 62.6% 57.5%

5.0% 12.8% 13.7% 10.6%

28.0%

Note: AFLD, alcoholic fatty liver disease; BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; SD, standard deviation.
Non-drinker: Male with alcohol consumption (pure ethanol equivalent) of <30 g/day, female with alcohol consumption of <20 g/day.

Moderate drinkers: Male with alcohol consumption of 30-60 g/day, female with alcohol consumption of 20-40 g/day.

Heavy drinker: Male with alcohol consumption of 260 g/day, female with alcohol consumption of 240 g/day.

moderate drinkers and 31.5% (N = 471/1,493, 95% Cl; 29.2-33.9)
of heavy drinkers (Figure 4). In females, fatty liver was observed
in 18.3% (N = 5,239/28,570, 95% Cl; 17.9-18.8) of non-drinkers,
11.3% (N = 240/2,117, 95% Cl; 10.0-12.7) of moderate drinkers
and 18.4% (N = 103/559, 95% Cl; 15.2-21.6) of heavy drinkers
(Figure 4). Males had a higher prevalence of NAFLD (34.8%) than fe-
males (18.3%) (P <.0001). Among males, the prevalence of fatty liver
was highest in the 40-49 age group (39.7%), whereas in females, the
prevalence was highest in the 60-69 age group (25.0%) (Figure 4,
Supplementary Table S2).

3.4 | Risk factors associated with the prevalence of
fatty liver

Table 2 shows the results of the univariate and multivariate analyses
of risk factors associated with the prevalence of fatty liver. Significant
risk factors in the multivariate analysis were age of 40-59 years (ad-
justed odds ratio [AOR], 1.5; 95% confidence interval [Cl], 1.4-1.6;
P <.0001), age 260 years (AOR, 1.2; 95% Cl 1.1-1.2; P <.0001), male
sex (AOR, 2.0; 95% Cl, 1.9-2.0; P <.0001), moderate drinking (AOR,
0.8; 95% Cl, 0.8-0.9; P <.0001), diabetes (AOR, 2.5; 95% Cl, 2.3-2.7,
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FIGURE 4 Age and sex-specific prevalence of fatty liver stratified by alcohol consumption among residents who underwent

ultrasonography at health checkups in Japan. This figure shows the prevalence of fatty liver stratified by alcohol consumption by sex and age
group in Japan in A) Non-drinkers (pure ethanol consumption <30 g/day for males or <20 g/day for females), B) Moderate drinkers (30-60 g/
day for males or 20-40 g/day for females), and C) Heavy drinkers (260 g/day for males or a = 40 g/day for females). Age is the age at the time

of the survey

P <.0001), BMI 225 kg/m? (AOR, 6.3; 95% Cl, 6.5-7.0; P <.0001) and
BMI <18.5 kg/m? (AOR, 0.1; 95% Cl, 0.0-0.1; P <.0001). There were
no significant differences in the prevalence of fatty liver between
non-drinkers and heavy drinkers (P =.1614).

3.5 | Incidence of fatty liver

The incidence of fatty liver in 31,062 residents who underwent
ultrasonography at least twice between 2008 and 2019 and
were not diagnosed with fatty liver at the first ultrasonography
examination was evaluated using the person-year method. The

mean observation period was 6.0 years (standard deviation, 3.0;

range, 1-11 years). The total observation period was 177,371
person-years. During the target period, 5,628 residents had newly
diagnosed fatty liver. Therefore, the incidence of fatty liver was
estimated to be 3,173/100,000 person-years (95% Cl, 3,091-
3,257). By alcohol consumption, incidence was estimated to
be 3,084/100,000 person-years (95% Cl, 2,997-3,172) in non-
drinkers (N 26,809), 3,754/100,000 person-years (95% ClI,
3,481-4,042) in moderate drinkers (N = 3,466) and 3,861/100,000
person-years (95% Cl: 3,295-4,497) in heavy drinkers (N = 787).
The incidence of fatty liver by sex, age and alcohol consumption is

shown in Figure 5 and Supplementary Table S3. There was a high
incidence of NAFLD in males aged 40-59 years and females aged
60-69 years.
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TABLE 2 Logistic regression analysis on factors affecting fatty liver prevalence among 75,670 participants in Japan

Univariate Multivariate
Prevalence
Fatty liver + Fatty liver -
Factor N (%) N (%) OR (95% Cl) p AOR (95% Cl) p
Age, years <40 2,653 (21.4) 9,773 (78.7) 1 1
40-59 12,203 (30.1) 28,347 (69.9) 1.6 (1.5-1.7) <.0001 1.5(1.4-1.6) <.0001
260 6,088 (26.8) 16,606 (73.2) 1.4(1.3-1.4) <.0001 1.2(1.1-1.2) <.0001
Sex Male 15,373 (34.6) 29,051 (65.4) 2.4(2.4-2.5) <.0001 2.0(1.9-2.0) <.0001
Female 5,571 (17.8) 25,675 (82.2) 1 1
Alcohol Heavy drinker 574 (28.0) 1,478 (72.0) 1.0(0.9-1.1) 1 0.9 (0.8-1.0) 1614
consumption Moderate drinker 2,401 (28.5) 6,023 (71.5) 1.0 (0.9-1.0) 1394 0.8(0.8-0.9) <.0001
Non-drinker 17,696 (27.6) 47,225 (72.4) 1 1
Diabetes Yes 2,693 (56.1) 2,107 (43.9) 3.7 (3.5-3.9) <.0001 2.5(2.3-2.7) <.0001
No 18,251 (25.8) 52,619 (74.3) 1 1
BMI, kg/m? <18.5 48 (1.2) 4,144 (98.9) 0.1(0.0-0.1) <.0001 0.1(0.1-0.1) <.0001
18.5-24.9 8.303 (16.7) 41,341 (83.3) 1 1
225.0 12,593 (57.7) 9,240 (42.3) 6.8 (6.5-7.0) <.0001 6.3(6.0-6.5) <.0001
Note: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; OR, odds ratio.
Univariate analysis: 2 test.
Multivariate analysis: Logistic regression analysis; R? = 0.1849; Model P <.0001.
(A) Total (B) Males (C) Females
/100,000 /100,000 /100,000
person-years person-years person-years
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B Non-drinkers Moderate Drinkers M Heavy Drinkers

FIGURE 5 Age and sex-specific incidence of fatty liver stratified by alcohol consumption among residents who underwent
ultrasonography at health checkups in Japan. The incidence of fatty liver stratified by alcohol consumption was compared by age group in
males and females among residents who underwent ultrasonography at health checkups in Japan. Blue bars represent non-drinkers, grey
bars moderate drinkers and orang bars heavy drinkers. Non-drinkers: pure ethanol consumption <30 g/day for males or <20 g/day for
females; Moderate drinkers: 30-60 g/day for males or 20-40 g/day for females; Heavy drinkers: 260 g/day for males or a > 40 g/day for
females. Age is the age at the time of the survey

3.6 | Risk factors associated with the incidence of
fatty liver

risk factors in the multivariate analysis include age of 40-59 years
(AOR, 1.3; 95% Cl, 1.2-1.4; P <.0001), male sex (AOR, 1.5; 95% ClI,
1.4-1.6; P <.0001), diabetes (AOR, 1.5; 95% Cl, 1.3-1.7; P <.0001),
BMI 225 kg/m? (AOR, 2.4; 95% Cl, 2.3-2.6; P <.0001) and BMI
<18.5 kg/m2 (AOR, 0.2; 95% Cl, 0.2-0.3; P <.0001). There were no

Table 3 shows the results of the univariate and multivariate analyses

of risk factors associated with the incidence of fatty liver. Significant
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TABLE 3 Logistic regression analysis on factors affecting fatty liver incidence

Univariate Multivariate
Incidence
Fatty liver + Fatty liver -
Factor N (%) N (%) OR (95% CI) P AOR(95%Cl) P
Age, years <40 751 (15.3) 4,155 (84.7) 1 1
40-59 3,322 (19.5) 13,695 (80.5) 1.3(1.2-1.5) <.0001 1.3(1.2-1.4) <.0001
260 1,555 (17.0) 7,584 (83.0) 1.1(1.0-1.2) 0184 1.0(0.9-1.1) 7657
Sex Male 3,739 (21.6) 13,550 (78.4) 1.7 (1.6-1.8) <.0001 1.5 (1.4-1.6) <.0001
Female 1,889 (13.7) 11,884 (86.3) 1 1
Alcohol Heavy drinker 178 (22.6) 609 (77.4) 1.3 (1.1-1.6) .0010 1.2 (1.0-1.4) .0877
consumption Moderate drinker 680 (19.6) 2,786 (80.4) 1.2 (1.0-1.2) 0168 1.0(0.9-1.1) 7235
Non-drinker 4,770 (17.8) 22,039 (82.2) 1 1
Diabetes Yes 340 (28.4) 856 (71.6) 1.8 (1.6-2.1) <.0001 1.5(1.3-1.7) <.0001
No 5,288 (17.7) 24,578 (82.3) 1 1
BMI, kg/m? <185 77 (3.5) 2,104 (96.5) 0.2(0.2-0.2) <.0001 0.2(0.2-0.3) <.0001
18.5-24.9 3,825 (16.2) 19,788 (83.8) 1 1
225.0 1,726 (32.8) 3,542 (67.2) 2.5(2.4-2.7) <.0001 2.4(2.3-2.6) <.0001

Note: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; OR, odds ratio.

Univariate analysis: 2 test.

Multivariate analysis: Logistic regression analysis; R? = 0.0490; Model P <.0001.

significant associations between alcohol consumption and fatty liver

incidence.

4 | DISCUSSION

In this study, the prevalence and incidence of fatty liver by alcohol
consumption were estimated based on the analysis of a general popu-
lation who received ultrasonography at health checkups in Japan. The
strength of this study is the large cohort size, so that heavy drinkers,
whose proportion is small at 1.9% of the total, could be evaluated.

According to the literature, fatty liver develops in about 0% of
individuals who drink more than 60 g/day of alcohol.” However, in
this study, the prevalence of fatty liver in heavy drinkers was 28.0%.
This discrepancy is thought to be because of the difference between
hospital-based data and health checkups data.

In this study, subjects were recruited among those who at-
tended health checkups, and the amount of alcohol drinking was
self-reported. Therefore, there is a possibility of selection bias and
under-reporting of alcohol consumption. Indeed, according to the
2019 National Health and Nutrition Survey,® the percentage of
heavy drinkers was accounted for 6.7%. However, it is unlikely that
the amount of alcohol consumed was over-reported, so those classi-
fied as heavy drinkers in this study are most probably to be individ-
uals with high levels of alcohol consumption. Data on heavy drinkers
in the general population in Japan are scarce. Thus, the large number
of heavy drinkers included in this study is of particular interest and

allows reliable interpretation of the findings for this group.

The prevalence of NAFLD in this study is consistent with previ-
ously reported results.”** Multivariate analysis showed no significant
differences in the prevalence of fatty liver among non-drinkers and
heavy drinkers and that obesity is the most important independent risk
factor for the prevalence of fatty liver. Diabetes, male sex, age 40 years
and older, were also independent and significant risk factors for the
prevalence of fatty liver. Takahashi et al also reported that alcohol in-
take was not associated with fatty liver prevalence in males, but heavy
alcohol intake was a significant risk of fatty liver in females in Japan.!*
However, the small number of females with heavy drinking in their
study (N = 78) suggests caution in interpreting these results.

As for the incidence of NAFLD, there are only a few reports.'%!?
Although a meta-analysis reported that the incidence of NAFLD in
Asia is 52.34 per 1,000 persons (95% Cl, 28.31-96.77),! there have
been no large-scale retrospective cohort studies in the general pop-
ulation. This study is the first report to reveal the incidence of fatty
liver by alcohol drinking status in Japanese cohort undergoing health
checkups. In the results of the risk factor analysis, like the preva-
lence results, the incidence of fatty liver was not associated with
alcohol consumption but associated with obesity, diabetes, male sex
and age 40-59 years independently. Further studies are needed to
investigate the cure rate for fatty liver in a general population be-
cause fatty liver is a reversible condition.

The definition of NAFLD was developed based on the fact
that some non-drinkers present with histopathological findings
that are very similar to those observed in patients with AFLD.34
NAFLD diagnosis needs to exclude AFLD because of the apparent

different pathogenetic mechanisms between alcoholic factor and
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non-alcoholic factors (obesity and metabolic factors) in fatty liver.
However, it has recently been reported that both diseases have
common causes, such as hypernutrition and mitochondrial dysfunc-

1517 and increased endotoxin burden because of increased in-

tion,
testinal permeability.*®-2° In addition, it is not uncommon for obesity
and drinking factors to coexist in patients with fatty liver. In the pres-
ent study, 57.5% of heavy drinkers with fatty liver were obese. There
is a discussion on the necessity of distinguishing between these dis-
eases.” Furthermore, it is unclear whether NAFLD and AFLD can be
distinguished based on the amount of alcohol consumed because
people tend to underreport their drinking, and lifelong drinking is
not taken into consideration when defining these diseases. Also, the
non-drinker category does not only include residents who do not
consume any alcohol; it also includes males who consume <30 g/day
and females who consume <20 g/day. Therefore, in some patients
diagnosed with NAFLD, alcohol consumption cannot be completely
ruled out and might have contributed to fatty liver.

Nevertheless, studies on the prognosis of alcoholic and non-
alcoholic fatty liver should be continued. Recently, alarge population-
based study reported synergy between alcohol and metabolic/
obesity risk when fibrosis is considered.?* Another study reported
that the risk of liver cancer in patients with AFLD is higher than in
those with NAFLD,?? although no consensus has been reached yet.

According to a modelling study based on epidemiological data,®
the total number of NAFLD patients in Japan in 2016, estimated at 22.7
million, will not change in 2030, but the proportion of advanced liver
fibrosis is expected to increase because of the ageing of the population.
To reduce the burden of fatty liver disease, measures for obesity control

such as assistance in changing lifestyle habits are the most important.

4.1 | Limitations

In this study, the prevalence of fatty liver was estimated in residents
who underwent ultrasonography at health checkups. However, less
than 10% of residents who underwent health checkups underwent
ultrasonography. According to the results of the age distribution,
young people in their 30s and younger were less probably to un-
dergo ultrasonography. Since those previously diagnosed with fatty
liver tend to undergo ultrasonography, selection bias might have led
to an overestimation of the prevalence of fatty liver. Further studies
are needed to investigate the prevalence of fatty liver in the general
population of randomly selected residents.

5 | CONCLUSION

This study was conducted to investigate the epidemiology of fatty
liver in a general population based on a large dataset from health
checkup programmes in Japan. In the results, drinking status did not
affect the prevalence or incidence of fatty liver. From a public health
perspective, measures for obesity must be prioritised to reduce the

burden of disease of fatty liver in Japan.
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