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Whilst accumulating reports have shown the ben-
eficial effects of coffee against chronic liver diseases,
the effects of coffee against fatty liver have not yet
been reported. In this cross-sectional and the follow-
up studies, we investigated the effects of coffee on the
production of fatty liver in healthy males, using ultra-
sonography. In the follow-up study, annual changes
in daily coffee intake during the 5-year study period
were compared between subjects who appeared to
have fatty liver (fatty liver group) and those who did
not appear to have fatty liver (non-fatty liver group)
in the matched study according to age, body mass
index (BMI) and daily exercise level. The effects of
changes in daily coffee intake between both groups
on the development of fatty liver were investigated
after adjustments for related factors, such as BMI,
daily coffee and alcohol intake and exercise level. In
the cross-sectional study, the subjects with fatty liver
were revealed to have a lower daily coffee intake than
those without fatty liver. In the follow-up study, a sig-
nificant difference in the changes in daily coffee in-
take was observed between the fatty liver and non-
fatty liver groups with a decrease in daily coffee in-
take observed in the former group, compared with
the change in the latter group. Further, daily cof-
fee intake was negatively correlated with the develop-
ment of fatty liver after adjustments for related fac-
tors. These findings suggest a protective effect of cof-
fee against fatty liver.
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INTRODUCTION

The prevalence of lifestyle-related diseases has
been increasing in Japan1) as a result of dietary
changes, such as an increase in the composition of
saturated fatty acids and alcoholic beverages and
lifestyles that lead to the neglect of one’s health. In
response to this prevalence of lifestyle-related dis-
eases, the number of cases with fatty liver is also
escalating.2, 3) Since liver dysfunction, most cases
of which are thought to be caused by fatty liver,4) is
observed very frequently in combination with obe-
sity in annual health check-ups, fatty liver is consid-
ered to be a component of, or at least a predictor of,
metabolic syndrome.5, 6)

Accumulating reports have shown the beneficial
effects of coffee on liver function. Epidemiologic
surveys from the last 20 years have found an associ-
ation between higher coffee consumption and lower
levels of liver enzymes and a low risk of chronic
liver diseases, including cirrhosis or hepatocellular
carcinoma.7–12) However, the beneficial effects of
coffee against fatty liver have not yet been deter-
mined. In the present cross-sectional and follow-up
studies, we investigated the effects of coffee on the
development of fatty liver in men attending serial
annual health examinations.

MATERIALS AND METHODS

Subjects —— A total of 2265 male office work-
ers employed at a single company who were be-
tween the ages of 25 and 60 years in 1999 were re-
cruited. The workers were employed in the same
service industry and had similar workloads with-
out night duty; all the workers visited our health
institution for annual health check-ups and routine
physical examinations. Of these workers, 419 were
excluded at the start of the study for the following
reasons: 141 because of treatment for chronic liver
diseases, such as chronic hepatitis, liver cirrhosis,
fatty liver etc., diabetes or hyperlipidemia, and 278
because of missing information regarding data on
lifestyle. During the 5-year follow-up period, 234
subjects were excluded because of the start of treat-
ment for chronic liver diseases, diabetes and/or hy-

C©2011 The Pharmaceutical Society of Japan



No. 5 407

perlipidemia or because of missing information re-
garding data on lifestyle. Therefore, 1612 subjects
were finally included in the present study. Infor-
mation on previous and present illnesses was ob-
tained using a self-administered questionnaire that
was completed annually.
Data Collection —— Data on life style over the 5-
year study period were obtained by completing a
self-administered questionnaire that was mailed to
each subject prior to their health examination. The
lifestyle items that were used in this study were the
intake of alcohol, coffee and green tea and the de-
gree of exercise. Blood chemistry tests, including
liver enzyme levels, and a routine abdominal ultra-
sound test were performed during the morning af-
ter an overnight fast at each health check-up every
year and their data obtained in 1999 and 2004 were
used in the present study. The abdominal ultrasound
examinations were performed by experienced radi-
ologists using a Hitachi EUB2000 or EUB525 (Hi-
tachi, Tokyo, Japan). The presence or absence of
fatty liver was judged separately by two specialists
in gastroenterology. The examiner was unaware of
the blood chemistry data and the volume of daily
coffee consumption.

Ultrasonographic findings showing a bright
liver, an increase in the liver-kidney contrast, and/or
a decrease in liver deep echo were regarded as in-
dicative of fatty liver. This study was approved by
The Ethical Committee of the Mitsukoshi Health
and Welfare Foundation.
Cross-sectional Study —— The relations between
fatty liver finding, as observed by ultrasound test in
1999 or 2004, and such factors as daily coffee, green
tea and alcohol intake, body mass index (BMI; cal-
culated as weight in kilograms divided by the square
of height in meters), exercise level and liver enzyme
level (alanine aminotransferase) were investigated
in a cross-sectional study.

Coffee and green tea intake was each expressed
as the average daily intake of cups per day. Alcohol
intake was converted into a value equivalent to one
go, a traditional Japanese unit of volume for sake
(one go contains about 22 g of ethanol), and was
scored into 5 categories as follows: 1 point: no alco-
holic beverages or less than 1 go per day, 2 points:
between 1 and less than 2 go per day, 3 points: be-
tween 2 and less than 3 go per day, 4 points: be-
tween 3 and less than 4 go per day, 5 points: 4
or more go per day. Exercise levels were scored
as follows: 1 point: almost no exercise or walk-
ing, 2 points: 20 min continuous or more than 1 hr

walking or exercise/day one day per week, 3 points:
20 min continuous or more than 1 hr walking or ex-
ercise/day two days per week, 4 points: 20 min con-
tinuous or more than 1 hr walking or exercise/day 3
to 4 days per week, 5 points: 20 min continuous or
more than 1 hr walking or exercise/day more than
5 days per week.
Five-Year Follow-up Study for Matched
Cases —— Of a total of 1612 subjects, 1236
males were identified as not having fatty liver at the
time of the initial examination in 1999. These 1236
males were divided into the two groups; those with
fatty liver in 2004 (n = 164), and those without
fatty liver in 2004 (n = 1072). We compared
changes in daily coffee intake over the 5-year study
period between those with fatty liver and without
fatty liver among subjects with a similar age, BMI
and exercise level. For this purpose, 2 subjects in
those without fatty liver per one subject in those
with fatty liver were matched according to age,
BMI and exercise level in 2004; the subjects from
those without fatty liver were randomly selected
from amongst those subjects that met the matching
criteria. A total of 492 males, consisting of the
164 males from those with fatty liver (fatty liver
group) and 328 males from those without fatty
liver (non-fatty liver group), were examined in this
study. Serial changes in daily coffee intake from
1999 to 2004 were compared between these two
matched groups. Further, the effect of changes in
daily coffee intake over the 5-years study period
on the development of fatty liver in these groups
was investigated after adjustments for age, BMI,
exercise level, daily coffee and alcohol intake in
2004, and differences in BMI, exercise level and
daily alcohol intake over the 5-year study period.
Data Analysis —— Unpaired t-tests were used to
analyze the correlations between the development
of fatty liver and age; BMI; exercise level; coffee,
green tea and alcohol intake; smoking index, and
biochemical function. Changes in daily coffee in-
take over the 5-year study period were compared
between the fatty liver and the non-fatty liver groups
using a two-way repeated measures analysis of vari-
ance (ANOVA). The effects of changes in daily cof-
fee intake difference over the 5-year study period
were also compared between the two groups using
a logistic regression analysis after adjustments for
age, BMI, and daily coffee and alcohol intake in
2004 as well as differences in BMI, exercise level,
and daily alcohol intake over the 5-year study pe-
riod. All p-values were two sided, and the level of
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significance was p< 0.05.

RESULTS

Cross-sectional Study
Among the 1612 subjects, 376 (23.3%) exhib-

ited fatty liver in 1999 and 468 (29.0%) exhibited
fatty liver in 2004. As of 2004, fatty liver had disap-
peared in 72 of the 376 cases of fatty liver observed
in 1999, but 164 new cases developed amongst the
1236 males without fatty liver in 1999. In both 1999
and 2004, the subjects with fatty liver reported a

Fig. 1. Bar Graph Showing Daily Coffee, Green Tea and Alcohol Intake; BMI (the Weight in Kilograms Divided by the Square of
the Height in Meters); Exercise Level; and Alanine Aminotransferase Level between Subjects with Fatty Liver and Subjects
without Fatty Liver in 1999 and 2004

Among the 1612 subjects, 376 had fatty liver in 1999 and 468 had fatty liver in 2004. Alcohol intake and exercise level were scored into 5
categories, as mentioned in the text. Data are expressed as mean ±S.E. ∗p = 0.06, ∗∗p < 0.01, ∗∗∗p < 0.001.

Table 1. Characteristics of the Non-fatty Liver Group and the Fatty Liver Group in 1999 and 2004 in the Matched Study

Characteristic Non-fatty Fatty liver p value Non-fatty Fatty liver p value
liver group group liver group group

Year 1999 2004
Age (yr) 44.2± 7.0 44.4± 7.6 0.86 49.2± 7.0 49.4± 7.6 0.86
BMI (kg/m2) 24.1± 2.0 24.1± 2.3 0.85 24.7± 2.0 25.0± 2.4 0.14
Exercise level (points)∗ 2.8± 1.5 2.8± 1.6 0.65 3.1± 1.5 2.9± 1.6 0.23
Coffee intake (cups/day) 2.6± 1.4 2.6± 1.6 0.97 3.0± 1.6 2.3± 1.3 < 0.01
Alcohol intake (points)∗ 2.1± 1.3 2.0± 13 0.61 1.9± 1.2 1.8± 1.2 0.65
Green tea intake (cups/day) 2.3± 1.9 2.4± 1.6 0.53 2.4± 1.7 2.5± 1.7 0.74
Smoking index 341.8± 305.8 351.1± 351.9 0.78 409.8± 383.6 376.0± 366.9 0.35
LDL-cholesterol (mg/dl) 111.5± 28.8 117.7± 30.4 0.03 122.2± 28.6 129.0± 29.4 0.02
Fasted blood sugar (mg/dl) 98.6± 9.3 99.7± 8.9 0.21 98.9± 15.3 102.7± 12.9 0.006

Plus-minus values are means ±S.D. ∗Alcohol intake and exercise level are scored from 1 to 5 points, as mentioned in the text.

lower volume of daily coffee intake and exhibited a
higher BMI and liver enzyme levels, compared with
those without fatty liver (Fig. 1). No significant dif-
ferences in the mean daily intakes of alcohol and
green tea were observed between the two groups,
either in 1999 or 2004.

Follow-up Study for Matched Cases
The characteristics of the subjects in 1999 and

2004 in the follow-up study for matched cases are
shown in Table 1. The mean (± S.D.) ages of the
subjects for the non-fatty liver group and fatty liver
groups in 2004 were 49.2± 7.0 and 49.4± 7.6, re-
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Table 2. Logistic Regression Analysis to Determine the Effects of Changes in Daily Coffee Intake Difference over the 5-year Study
Period on the Development of Fatty Liver in the Fatty Liver and the Non-fatty Liver Groups, with Adjustments for Related
Factors, in Matched Cases

Odds Ratio 95% CI p Value
Age (2004) 1.01 0.99–1.04 0.33
BMI (2004) 1.01 0.92–1.11 0.83
Exercise Level (2004) 0.957 0.82–1.12 0.58
Daily Coffee Intake (2004) 0.736 0.61–0.89 0.001
Daily Alcohol Intake (2004) 0.90 0.75–1.08 0.26
BMI Difference (2004–1999) 1.34 1.10–1.63 0.004
Exercise Level Difference (2004–1999) 0.96 0.83–1.11 0.58
Daily Alcohol Intake Difference (2004–1999) 1.08 0.90–1.29 0.44
Daily Coffee Intake Difference (2004–1999) 0.77 0.65–0.92 0.004

A total of 492 subjects without fatty liver in 1999 were divided into the two groups; subjects without fatty liver in 2004 (non-fatty liver group;
n = 328) and subjects with fatty liver in 2004 (fatty liver group; n = 164), matched for age, BMI and exercise level in 2004.

Fig. 2. Comparison of Changes in Daily Coffee Intake over
the Five-Year Study Period between the Non-fatty Liver
and the Fatty Liver Groups

A total of 492 subjects without fatty liver in 1999, consisting of
164 subjects with fatty liver in 2004 (fatty liver group) and 328 controls,
matched according to age, BMI and exercise level in 2004 (non-fatty
liver group), were followed for 5 years. The comparison was made
using a two-way repeated measures ANOVA.

spectively (p = 0.86). The mean BMI and exercise
level in 2004 were 24.7± 2.0 and 3.1± 1.5 in the
non-fatty liver group, respectively, and 25.0± 2.4
(p = 0.14, vs. non-fatty liver group) and 2.9± 1.6
(p = 0.23, vs. non-fatty liver group) in the fatty
liver group. There were no significant differences
in age, BMI and exercise level in 2004 between the
fatty liver and non-fatty liver groups. No signifi-
cant differences were observed about BMI, exercise
level, daily coffee, alcohol and green tea intake, and
smoking index in 1999 between the non-fatty liver
and the fatty liver groups. Low-density lipopro-
tein (LDL)-cholesterol in the fatty liver group was
higher than that in the non-fatty liver group both
in 1999 and 2004. Fasted blood sugar was higher

in the fatty liver group, compared to the non-fatty
liver group in 2004. Whilst coffee intake in the
fatty liver group decreased constantly over the 5-
year period, it increased significantly in the non-
fatty liver group (Fig. 2, p< 0.001). Whilst the BMI
in the fatty liver group increased over the 5-year pe-
riod (0.916 kg/m2), compared with that in the non-
fatty liver group (0.577 kg/m2, p = 0.001), the exer-
cise levels showed an opposite trend (non-fatty liver
group, 0.221 points: fatty liver group, 0.098 points,
p = 0.437). No significant changes in daily alco-
holic intake were observed (non-fatty liver group,
−0.186 points: fatty liver group, −0.177 points, p =
0.934). After adjustments for these related factors,
the increase in daily coffee intake over the 5-year
period in the non-fatty liver group, compared with
the change in the fatty liver group, was found to be
related to the protective effect of coffee against fatty
liver, with an odds ratio of 0.77 [95% confidence in-
terval (CI), 0.65–0.92; p = 0.004, Table 2].

DISCUSSION

In Japan, the prevalence of fatty liver is reported
to be increasing as 35% in Japanese men and 20%
in Japanese women, or about twice the values re-
ported 10 years ago.2, 3) Many patients with non-
alcoholic fatty liver disease (NAFLD) have a long
and benign course; others, however, exhibit inflam-
mation and fibrosis and progress to end-stage liver
injury, such as cirrhosis, which is called as nonal-
coholic steatohepatitis (NASH). NAFLD, including
NASH, are now considered to be the hepatic mani-
festation of the metabolic syndrome.13, 14) NASH is
estimated to affect 1–3% of Japanese adults and is
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considered to become the most important cause of
end-stage liver disease.

Centuries of coffee drinking have made it the
most consumed beverage in the world. Data on the
potential beneficial effects of coffee on liver func-
tion and against liver diseases have accrued over
the last two decades. Several epidemiologic studies
have reported inverse associations of coffee drink-
ing with levels of liver enzymes,7, 15, 16) as well as
with the risk of chronic liver diseases,17) includ-
ing liver cirrhosis10, 18) and even hepatocellular car-
cinoma.11, 19, 20) The present epidemiological study
revealed, for the first time, that coffee intake may
protect against fatty liver. Since the subjects in
this study were healthy individuals employed at the
same company and maintained a similar lifestyle,
including their work and home life, during the 5-
year study period, the present results were consid-
ered to be relatively reliable. The subjects in this
study were limited to only men for the following
reasons: first, the average prevalence of fatty liver
classified according to sex was reported to be twice
as high in men as it was in women in Japan;2)

second, estrogen levels might affect the develop-
ment of fatty liver in women, since the prevalence
of fatty liver increases rapidly in post-menopausal
women.5) In this study, those subjects, who were in
therapy with chronic liver diseases, diabetes melli-
tus and/or hyperlipidemia, were excluded, because
the medication to these diseases might influence to
the occurrence of fatty liver disease. The diagnosis
of fatty liver is usually based on abdominal ultra-
sonography, which has been established as a simple,
reliable and commonly used modality for the clini-
cal screening of fatty liver.21) Since the ultrasound
equipment used to perform the examinations, the
radiologists who performed the examinations, and
the gastroenterology specialists who made the diag-
noses were the same in 1999 and 2004, the differ-
ences between the examinations years were thought
to be negligible. Since daily coffee intake varied
from year to year on an individual basis, we ana-
lyzed the data using a two-way repeated measures
ANOVA. A significant difference in the changes in
daily coffee intake was observed between the fatty
liver group and the non-fatty liver group, with a de-
crease in daily coffee intake observed in the for-
mer group, compared with the change in the latter
group, suggesting a possible relation between de-
creased coffee intake and the development of fatty
liver. Since the body weight, exercise level, alco-
hol intake, and the change in body weight, exercise

level and alcohol intake over the 5-year study period
between the two groups might influence the devel-
opment of fatty liver, a logistic regression analysis
was performed after adjusting for these factors. As
a result, the increase in daily coffee intake in the
non-fatty liver group, compared with the decrease
in daily coffee intake in the fatty liver group, was
found to possibly be related to the protection of fatty
liver, with a significant odds ratio. Further, whilst
increase in the BMI was related to the development
of fatty liver, change in alcohol intake was not a sig-
nificantly independent factor in the development of
fatty liver, which is consistent with a previous report
based on data obtained from health checkups.22, 23)

Although alcohol is known as an important risk fac-
tor of fatty liver, the subjects in this study were
unlikely to be heavy drinkers or habitual drinkers,
and the effects of alcohol on liver function were
thought to be relatively minimal, since they were
concerned enough about their health to undergo an
annual health check-up.

The presence of steatosis is an important marker
of multiorgan insulin resistance.24) In liver, insulin
resistance may be related to alterations in the path-
ways of uptake, synthesis, degradation, or secre-
tion in hepatic lipid metabolism.4) Hyperinsuline-
mia resulting from insulin resistance increases the
synthesis of fatty acids in hepatocytes by increasing
glycolysis and favours the accumulation of triglyc-
erides within hepatocytes by decreasing the hep-
atic production of apolipoprotein B-100, with mi-
tochondrial oxidation overload and the production
of reactive oxygen species capable of inducing lipid
peroxidation of hepatocyte membranes.25) Coffee
contains a vast number of different chemicals, any
one of which may be responsible for its protec-
tive effects on the liver.26) Chlorogenic acid and its
derivatives contained in coffee are known to be as-
sociated with an increase in insulin sensitivities,27)

and to have a strong protective antioxidant effect,
which might protect the liver against the accumu-
lation of lipids within hepatocytes. It was reported
that caffeine might also improve insulin sensitivity
and fatty liver in mice.28) In addition, coffee and caf-
feine can cause weight loss,29, 30) possibly reducing
visceral fat and thereby reducing lipid accumulation
in hepatocytes. Of all the types of fat tissue, vis-
ceral fat is the most metabolically active and which
plays an important role in the development of fatty
liver.31) The severity of fatty liver was reported to
be positively correlated with visceral fat accumula-
tion, regardless of BMI32) and excess visceral fat,
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when inflamed, has a large effect on insulin sensi-
tivity.33) Recently, a high consumption of caffeine-
containing coffee was reportedly associated with a
higher adiponectin and lower inflammatory marker
concentrations,34) which may play a role in the ben-
eficial effects of coffee on insulin sensitivities and
the alleviation of hepatic steatosis.35, 36) However,
since other caffeine-containing beverages, such as
green tea or cola, failed to demonstrate a significant
association between these beverages and a reduction
in liver-related endpoints, the mechanisms involved
and the substances in coffee that may be responsible
for its effect on the liver remain to be elucidated.

A limitation of this study is the lack of infor-
mation on decaffeinated coffee consumption, brew-
ing method, and variations in cup size and strength.
However, because Japanese people usually drink ei-
ther instant coffee, filtered coffee or canned coffee,
the constituents of which are similar to each other,
the results in this study were considered to be re-
liable. Sugar and cream in coffee might have the
potential effect on fatty liver, but they were not con-
sidered to be a risk factor for fatty liver, since cof-
fee intake in the non-fatty liver group was higher
than that in the fatty liver group. Since elevated fat
accumulation in the liver was recently reported to
be accompanied by atherosclerosis and metabolic
syndrome37–39) in a manner that was independent
of visceral adiposity,40, 41) the protective effects of
coffee against fatty liver may also protect against
the development of lifestyle-related diseases. Thus,
the possible protective effects of coffee against fatty
liver deserve further investigation.
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