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ABSTRACT

Objective The social conditions are changing in the world,
which may contribute to the change in lifestyle, including
alcohol consumption and dietary intake; however, changes
in metabolic complications in patients with alcoholic fatty
liver disease (AFLD) have never been reported. Therefore,
here we compare the metabolic complications in current
AFLD with those of two decades ago.

Methods We performed this cross-sectional study

in a Japanese health check-up centre. Consecutive
participants who visited the facilities between June 1994
and December 1997 or between January 2014 and
December 2017 were enrolled. A total of 7499 participants
(4804 men, 2695 women) in the past cohort and 20 029
participants (11676 men, 8353 women) in the current
cohort were entered to this study.

Results The prevalence of drinkers in the current cohort
was significantly lower (4.7%) than that in the past cohort
in men (5.9%, p<0.001) but significantly higher in women
(1.9% in the current vs 1.1% in the past, p<0.001). The
prevalence of fatty liver in drinkers has increased in men
(22.3% in the past cohort, 36.6% in the current cohort;
p<0.001) but not in women (13.3% in the past cohort,
14.7% in the current cohort; p=1.0), while the prevalence
of all fatty liver has increased in men and women (men:
24.0% in the past cohort, 36.2% in the current cohort,
p<0.001; women: 9.3% in the past cohort, 12.8% in

the current cohort, p<0.001). Regarding metabolic
abnormalities, the prevalence of hyperglycaemia increased
from 25.4% to 43.0% in men with AFLD (p<0.001) and
from 25.1% to 39.1% in women with AFLD (p=1.0).
Conclusions AFLD currently tends to be accompanied by
hyperglycaemia. The prevalence of fatty liver in drinkers
increased in men, although alcoholic consumptions did not
increase. We should pay attention to fatty liver combined
with hyperglycaemia for individuals who consume alcohol
today.

INTRODUCTION

The proportion of alcohol-attributable deaths
among total deaths decreased slightly between
2010 (5.6%) and 2016 (5.3%), whereas the
proportion of alcohol-attributable disability-
adjusted life years (DALYs) remained rela-
tively stable (5.1% of all DALYs in 2010 and

What is already known about this subject?

» The prevalence of alcohol-related liver disease
(ARLD) has continued to increase after 2000, al-
though the volume of alcohol consumption did not
increase. Alcoholic fatty liver disease (AFLD) has
been recognised as a new ARLD phenotype.

What are the new findings?
» AFLD currently tends to be accompanied by
hyperglycaemia.

How might it impact on clinical practice in the

foreseeable future?

» We should pay attention to fatty liver combined with
hyperglycaemia for individuals who consume alco-
hol today.

2016)." Alcohol-related liver disease (ARLD),
which refers to liver damage caused by excess
alcohol intake, is the most common chronic
liver disease worldwide.” The burden of
ARLD was about 40% of deaths associated
with liver cirrhosis.” While hepatitis C virus-
related mortality increased to 2.9 persons per
10million per year, ARLD mortality increased
to 4.4 persons per 10million per year.”
Regarding treatment, medications for ARLD
have not progressed, while the medication
for virus hepatitis has been improved dramat-
ically. Thus, ARLD has been recognised as an
important liver disease.

In Japan, a nationwide survey for ARLD
has been performed six times,"™ and the
prevalence of ARLD increased, along with
the increase of alcohol consumption until
2000. In fact, the volume of alcohol consump-
tion has increased since the 1960s-2000s."°
Interestingly, the prevalence of ARLD has
continued to increase after 2000, although
the volume of alcohol consumption did not
increase after 2000.*°

Hamaguchi M, et al. BMJ Open Gastro 2020;7:€000359. doi:10.1136/bmjgast-2019-000359


http://orcid.org/0000-0002-8651-4445
http://orcid.org/0000-0001-7269-1697
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgast-2019-000359&domain=pdf&date_stamp=2020-04-02

Alcoholic fattyliver disease (AFLD) hasbeen recognised
as a new ARLD phenotype. AFLD has been thought to
be increasing with the spread of metabolic syndrome.’
ARLD is a disease associated with malnutrition. Although
ARLD was reported to be associated with undernutrition
in the past,” it was recently reported to be associated with
overnutrition. In addition, the overall alcohol consump-
tion volume has decreased to 90% of its peak, although it
decreased throughout the peak volume.*® On the other
hand, the social conditions regarding dietary intakes have
been changed, and fast food availability, high fat content
of foods and high sugar content of foods are increasing.
These social conditions may contribute to the change in
metabolic complications in patients with AFLD. Here we
compare the metabolic complications in current AFLD
with those of two decades ago.

METHODS

Study population and design

We previously performed a longitudinal cohort study,
known as the non-alcoholic fatty liver disease (NAFLD)
in the Gifu Area, Longitudinal Analysis (NAGALA) study,
to reveal the impact of NAFLD on several types of chronic
diseases.'’ Patients who received health check-ups at
Asahi University Hospital were invited to participate
in the study and were excluded only when they were
unwilling to participate.

In this study, we selected two cohorts separated by
20 years. The past cohort consisted of participants who
underwent health check-ups between June 1994, when
the centre was founded, and December 1997. The
current cohort consisted of participants who underwent
health check-ups from January 2014 to December 2017.

Participants with known liver disease were excluded
from the study.'” "' Known liver disease was defined as
positivity for hepatitis B antigen or hepatitis C antibody
or a history of known viral, genetic, autoimmune or drug-
induced liver disease.'”

Data collection and measurements

Details of the data collection and measurement methods
were described previously.'” Briefly, we used a stan-
dardised self-administered questionnaire to acquire
information about each participant’s medical history
and lifestyle factors, including smoking habits, alcoholic
consumption and physical activity."’ "> We estimated the
mean ethanol intake per week using the data of amounts
and types of alcoholic beverages consumed per week and
divided the participants into three groups: non-alcoholic,
<210g/week in men and <140g/week in women; inter-
mediate, 210-420 g/week in men and 140-280 g/week in
women; and alcoholic, 2420 g/week in men and >280¢g/
week in women."?

Regarding exercise, if individuals participated in any
kind of sports activity at least once a week on a regular
basis, we categorised them as regular exercisers.'* We
used the conventional criteria for Asian obesity (body

mass index (BMI)>25 1<g/1112).15 ' We defined the meta-
bolic abnormality as follows: hyperglycaemia (fasting
plasma glucose>5.6 mmol/L), hypertension (blood pres-
sure>130/85mmHg),lowhigh-densitylipoprotein (HDL)
cholesterol levels (serum HDL cholesterol<1.03 mmol/L
in men and <1.29mmol/L in women), and hypertri-
glyceridemia (serum triglycerides>1.70mmol/L). We
defined the metabolic syndrome score as the presence of
metabolic syndrome components (range 0-5).'° NAFLD
fibrosis score was calculated using the formula described
elsewhere.”

Definition of fatty liver, NAFLD and AFLD

Fatty liver was diagnosed by the findings of abdominal
ultrasonography performed by a trained technician.'® "
Fatty liver was diagnosed based on the findings of ultra-
sonography. Among the four known criteria, hepatorenal
echo contrast and liver brightness are required for fatty
liver. In addition, we categorised fatty liver into NAFLD
and AFLD according to the volume of alcohol consump-
tion as follows: NAFLD: <210g/week in men and <140 g/
week in women; and AFLD: >420g/week in men and
>280g/week in women.*

Statistical analysis

We used two-sided test, and p values of 0.05 or less were
considered statistically significant. We analysed all data
using SPSS software V.25. We divided the participants
into men and women. Means or frequencies of variables
were calculated, and continuous variables are presented
as median (IQR). To assess the statistical significance of
intergroup differences, we used the y” test for categorical
variables, or the Wilcoxon signed-rank test for contin-
uous variables since the latter did not follow a normal
distribution.

RESULTS

The past cohort consisted of 7794 participants (5014 men
and 2780 women), while the current cohort consisted of
20385 participants (11910 men and 8475 women). After
the exclusion of participants with known liver disease,
7499 participants (4804 men and 2695 women) in the
past cohort and 20029 participants (11676 men and
8353 women) in the current cohort were entered to this
study (figure 1).

Among the male subjects, the prevalence of alcoholics
in the current cohort was lower than that in the past
cohort (5.9% vs 4.7%, respectively; p=0.002), while that of
the non-alcoholic group was higher in the current cohort
than in the past cohort (78.8% vs 83.4%, respectively;
p<0.001). On the other hand, among women, the preva-
lence of alcoholics was higher in the current group than
in the past group (1.1% vs 1.9%, respectively; p=0.009);
however, the majority did not change in the non-alcoholic
group (96.1% vs 95.3%, respectively; p=0.086).

Next, we investigated the characteristics of the partic-
ipants according to alcohol consumption. The median
age of the male drinkers increased from 48 (39.5-55.0)
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NAGALA past cohort, Registration
Jun 1t 1994-Dec 315 1997
N=17,794 (5,014 men and 2,780 women)

Known liver disease : N =295 (210 men and 85 women)
Chronic hepatitis C: N =141 (106 men and 35 women)
Chronic hepatitis B: N =160 (107 men and 53 women)

Past cohort subjects
N =17,499 (4,804 men and 2,695 women)

NAGALA current cohort, Registration
Jan 1% 2014-Dec 31t 2017
N =20,385 (11,910 men and 8,475 women)

Known liver disease : N =355 (233 men and 122 women)
Chronic hepatitis C: N =63 (41 men and 22 women)
Chronic hepatitis B: N =293 (193 men and 100 women)

Current cohort subjects
N =20,029 (11,677 men and 8,353 women)

Figure 1 Flowchart of inclusion and exclusion criteria.
NAGALA, NAFLD in Gifu area, longitudinal analysis.

years old to 54 (47.5-59.0) years in the current group
(p<0.001, table 1). On the other hand, those of female
drinkers were not significantly different between cohorts
(46 (38.0-53.5) years old in the past cohort and 47 (40.0—
52.0) years old in the current cohort, p=0.55; table 1).
The proportion of male drinkers in their 30s and 40s
significantly decreased (30s: 5.5% in the past cohort
and 2.2% in the current cohort, p<0.001; 40s: 6.2% in
the past cohort and 4.3% in the current cohort, p=0.005;
online supplementary table 1). On the other hand, the
proportion of female drinkers in their 30s, 40s, 50s, and
60s increased over the two decades (30s: 1.0% in the past
cohort and 1.9% in the current cohort, p=0.111; 40s:
1.2% in the past cohort and 2.1% in the current cohort,
p=0.047; 50s: 1.3% in the past cohort and 1.8% in the
current cohort, p=0.257; 60s: 0% in the past cohort and
1.9% in the current cohort, p=0.014; online supplemen-
tary table 1).

The prevalence of fatty liver increased in both men and
women (men: 24.0% in the past cohort and 36.2% in the
current cohort, p<0.001; women: 9.3% in the past cohort
and 12.8% in the current cohort, p<0.001). In men,
the prevalence of AFLD tended to be higher than that
in the past (22.3% vs 36.6%, respectively; p=0.077); in
women, the prevalence of AFLD in the past and current
cohorts were similar (13.3% vs 14.7%, respectively; p=1.0;
table 1). On the other hand, the prevalence of NAFLD has
also increased in both men and women (men: 24.7% in
the past cohort vs 36.6% in the current cohort, p<0.001;
women: 9.1% in the past cohort vs 12.9% in the current
cohort, p<0.001; online supplementary table 2).

Regarding the age-specific prevalence of AFLD (online
supplementary table 1), men in their 40s and 50s signifi-
cantly increased (30s: 18.4% in the past cohort and
32.5% in the current cohort, p=0.021; 40s: 6.2% in the
past cohort and 4.3% in the current cohort, p<0.001).
In the same way, that of women with AFLD in their 50s
increased over the two decades (14.5% in the past cohort
and 19.5% in the current cohort, p=0.002; online supple-
mentary table 1).

The median age of the participants with AFLD
increased from 46.5 (38.8-68.5) years to 50 (44-55) years
in men (p<0.001) but was not significantly different in
women (46.5 (38.8-68.5) years in the past cohort, 50
(44.0-55.0) years in the current cohort, p=0.73; table 2).
Regarding metabolic abnormalities, that of hypergly-
caemia increased from 25.4% to 43.0% in men (p<0.001)
and from 25.1% to 39.1% in women (p=1.0). The prev-
alence of hypertriglyceridemia significantly decreased
from 68.3% to 34.0% in men (p<0.001); on the other
hand, that in women was not significantly different
between cohorts (25.0% in the past cohort and 21.7% in
the current cohort, p=0.859).

DISCUSSION

Here we clearly presented that alcohol consumption and
the proportion of intermediate alcohol consumption in
men decreased. On the other hand, alcohol consumption
in women tended to decrease; however, the proportion
of alcoholic participants increased over the two decades.
Nevertheless, the proportion of men with AFLD in the
current cohort tended to increase. In addition, the pres-
ence of fatty liver significantly increased in both men and
women; likewise, that of NAFLD significantly increased
in both men and women. Contrary to our initial expec-
tations, the prevalence of obesity increased among the
overall participants, whereas that in the participants
with AFLD did not differ between the past and current
cohorts. An increase in non-obese diabetic patients is a
common problem in East Asia.”' Actually, the prevalence
of type 2 diabetes in East Asia has been increasing explo-
sively, and it is expected that half of the world’s diabetic
patients will be East Asians.”* In Japan, the Westernisa-
tion of lifestyles began at around 1955, which changed
old Japanese lifestyles and increased the prevalence of
type 2 diabetes. Therefore, discussion of the change in
characteristics of Japanese people can help predict the
future in East Asia.

The volume of alcohol consumption decreased in this
study. In particular, the proportion of alcoholic men in
their 30s and 40s decreased, as did the prevalence of
AFLD. On the other hand, the proportions of alcoholic
women in their 30s, 40s, 50s and 60s decreased; however,
there was no significant difference in the prevalence of
AFLD. Among the participants with AFLD, the volume
of alcohol consumption did not change in men but
decreased in women.

Regarding metabolic abnormalities of alcoholic
participants, the prevalence of hypertension and hyper-
glycaemia increased in both men and women, whereas
those of hypertriglyceridemia and low HDL cholesterol
levels decreased. On the other hand, BMI significantly
decreased in men and did not change in women.

Besides excessive alcohol intake, metabolic abnormali-
ties exacerbate liver cirrhosis in patients with AFLD.” On
the other hand, alcoholic liver cirrhosis could develop
in diabetic patients due to lower alcohol intake than
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non-diabetic patients.® Impaired glucose tolerance is
known to be associated with steatosis grade in patients
with chronic liver disease.® ' Thereafter, abnormal
glucose metabolism is considered a risk factor for alco-
holic liver disease (ALD), including AFLD. In line with
these contexts, our study findings indicated that the
prevalence of hyperglycaemia increased recently in indi-
viduals with AFLD; however, the volume of alcoholic
consumption has not changed.

Emaciation used to be a problem in patients with
ALD*®; however, obesity is thought to be a new health
threat for ALD.” Our study findings indicated that the
prevalence of obesity among individuals with AFLD did
not increase. A possible explanation for this is decreased
muscle mass. Several previous studies reported that
muscle mass was not different or slightly increased until
the 30s and started to decline around 45 or 50 years
0ld.**! The participants with AFLD in the current cohort
were older than those in the past. Therefore, decreased
muscle mass, that is, sarcopenia, might lead to decreased
body weight.

Thereafter, alcoholic consumption could exacerbate
liver cirrhosis, even in patients with non-alcoholic steato-
hepatitis (NASH). NASH is now distinguished from ALD.
Regarding the disease concept, men who had chronic
hepatitis or fatty liver but consumed <210g/week of
alcohol are not diagnosed with NAFLD or AFLD." In
the same way, women who had chronic hepatitis or fatty
liver but consumed <140 g/week of alcohol are not diag-
nosed with either.'® In this study, we classified men who
consumed 210-420g/week of alcohol or women who
consumed 140-280g/week of alcohol as the interme-
diate group. We should manage the chronic hepatitis and
fatty liver of the individuals of the intermediate group.

The strengths of our study include its use of the same
standardised diagnosis of fatty liver'’ and the standardised
questionnaire of lifestyle factors, and its relatively large
population-based longitudinal research. Our study also
has some limitations. First, all patients were sampled
from a health check-up centre. There may be bias in the
sampling method. The subjects consisted of 3924 costly
individuals, which might include the difference of will-
ingess for health check-up programmes between the
current cohort and the past cohort. However, we previ-
ouslyreported that the bodyweightin our study sample was
well in accord with those reported in a larger population-
based national nutrition survey done in Japan National
Nutrition Survey 1990-1994% or 2014-2017 (https://
www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.
html). The prevalence of hepatitis C virus (HCV) or
hepatitis B virus (HBV) decreased in the current cohort
compared with the past cohort. In Japan, the number of
HBV or HCV has been reduced by the comprehensive
control measures for hepatitis promoted by Ministry of
Health, Labour and Welfare 228 However, we cannot
exclude the possibility that our sample contained more
health-conscious people than the general population in
Japan. The prevalence of drinkers in our study sample

P value
0.12

378 (329.0-490.0)

Current

Female drinkers

Past
312 (306.3-654.5)

P value
22

490 (474.0-616.0)

Current

Male drinkers
476.7 (462.0-666.0)

Past
The 2 test was applied to categorical variables and t-testwas applied to continuous variables. Categorical variables are expressed as percentage (n). Continuous variables are expressed as

median (IQR).
Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, y-glutamyl transpeptidase; HbA1c, haemoglobin Aic; HDL, high-density lipoprotein;

LDL, low-density lipoprotein; NAFLD, non-alcoholic fatty liver disease.

Alcohol consumption (mg/week)

Table 1 Continued

Characteristic
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was lower than those reported in Japan National Nutri-
tion Survey 1995 or 2015 (https://www.mhlw.go.jp/
bunya/kenkou/kenkou_eiyou_chousa.html) (online
supplementary table 3). Second, we presented the age-
specific prevalence of AFLD, but the denominator of all
age subgroups in women of the past cohort was less than
15, and all except one subgroup in men were less than
100. We could not exclude the possible overestimation
or underestimation due to the low denominator of the
age subgroups. Third, the generalisability of our study
in non-Japanese populations is low. Fourth, abdominal
ultrasonography for evaluating fatty liver has limited
diagnostic accuracy in cases of mild hepatic steatosis.*
However, we assessed fatty liver based on standardised
diagnostic criteria and could have evaluated a certain
level of fatty liver.'® Fifth, we had a limited ability to
examine different levels of physical activity. If we could
evaluate the frequency and intensity of exercise, a more
accurate analysis would be possible.

In conclusion, AFLD currently tends to be accompa-
nied by hyperglycaemia. The prevalence of fatty liver in
drinkers increased in men, although alcoholic consump-
tions did not increase. These trends can help predict
the future in East Asia. We should pay attention to fatty
liver combined with hyperglycaemia for individuals who
consume alcohol today.

Strengths and limitations

The study clearly indicated that AFLD currently tends to
be accompanied by hyperglycaemia over two decades.
This paper is the first report of metabolic complications
of AFLD in a single facility comparing the current cohort
with the past cohort. The limitation of the study is that
all patients were sampled from a health check-up centre.
There may be bias in the sampling method. However,
the body weights in our study sample were well in accord
with those reported in a larger population-based national
nutrition survey done in Japan National Nutrition Survey
1990-1994 or 2014-2017.
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