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An epidemiological study with risk analysis of liver
diseases in the general population living in a methyl
mercury polluted area

Makoto Futatsuka, Takao Kitano, Megumi Nagano, Tsukasa Inaoka, Yoshiki Arimatsu,
Tatsuro Ueno, Junji Wakamiya, Kenjiro Miyamoto

Abstract
Study objective-The aim was to

determine the actual prevalence of liver
disease and to investigate the contribution
of various risk factors to liver disease
among the population in a methyl mercury
polluted area.
Design-The study was a population

based cross sectional mass screening sur-
vey. A case-control study was designed to
estimate the role of various risk factors for
liver diseases.
Setting-The study was confined to a

small rural town 10 km north of Minamata
City.
Subjects-1406 persons aged 50 to 69 years

were examined (78-3% of the total
population of this age in the locality).
Measurements and main results-

Measurements of liver disease were made
on the basis ofhaematological, physical, and
ultrasonographic examinations. Data on
liver risk factors were collected by ques-
tionnaire, and by measurement of body
height, weight (obesity), and hepatitis B
surface antigen (HBsAg). The prevalence
rate ofliver tumour was 0 5% in males, liver
cirrhosis was found in 0-5% of males and
0-1% of females, and hepatitis was seen in
5-4% of males and 1P0% of females.
Frequency rates of risk factors for liver
disease among subjects with obesity were
significantly higher in the female patient
group, and the frequency rate among sub-
jects with alcoholic drinking habits was
significantly higher in the male patient
group. The odds ratio of past history of
blood transfusion showed the highest value
among other related factors (7 73) and the
attributable risk for this was very high
(871 %); HBsAg was next in rank (odds ratio
3 04; attributable risk 67 1%).
Conclusions-The prevalence ofliver dis-

ease in this methyl mercury polluted area
was not increased, contrary to what was
expected based on the standard mortality
ratios. The main risk factors for liver dis-
ease in this area appear to be alcoholic
drinking habits and a history ofblood trans-
fusion.

There has been a recent increase in mortality from
liver cancer and liver cirrhosis in Japan. Liver
cancer is the third leading cause of cancer
mortality, and liver cirrhosis ranks as the eighth
leading cause of total mortality in the Japanese
male population. We do not yet have com-

prehensive care systems for liver diseases, such as
we have for tuberculosis; however, these diseases
are a serious national health problem in Japan,
especially viral hepatitis.
There are few well designed epidemiological

studies of liver disease in the general population
except in some epidemic areas." A mass health
examination survey of liver diseases was per-
formed in 1406 subjects aged between 50 and 69
years in 'A' Town of Kumamoto prefecture,
which has been shown to have a high prevalence of
liver disease.5 'A' Town is located in a methyl
mercury polluted area and there are 36 9 certified
Minamata disease patients per 1000 population.
In this field survey the possible evidence of
hepatotoxicity of methyl mercury was examined
in the light of several previous studies. (1) The
authors have shown epidemiologically that the
cause specific standard mortality ratios for liver
disease were significantly higher than expected in
male Minamata disease patients, using death
certificates.6 (2) Norseth and Brendeford re-
ported that in rats injected with methyl mercury a

large proportion of the mercury was found in the
liver lysosomes.7 (3) Tomii also found experimen-
tally a variety of forms of degeneration in liver
cells following mercury poisoning.8 (4) Takeuchi
reported the same pathological findings in the
Minamata disease patients.9 The purpose of this
study is to clarify the prevalence rate of liver
disease in 'A' Town and to investigate positive
risk factors, including the methyl mercury pollu-
tion, for liver disease in a population cross sec-
tional survey.

Methods
Mass multiple health examination for adult dis-
eases including liver disease was performed in
1406 subjects aged between 50 and 69 years in 'A'
Town near Minamata City each summer season
from 1984 to 1989. Table I shows the subjects by
sex, age, and residential area. The 1406 people
examined comprised 7830o of the total
population of this age in the locality. We used the
results obtained at the first examination of each
subject during the observation periods.

'A' Town is located in the southern part of
Kumamoto prefecture, neighbouring Minamata
City, and faces the Yatsushiro sea. It extends back
from the sea into a mountainous area leading to
the Kyushu highlands. The authors analysed the
geographical distribution of the subjects because
9000 of the total Minamata disease patients in this
locality have lived in fishing villages where much
fish and shellfish are consumed, and also because
it is easy to divide the locality into three areas,
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Table I Numbers of
subjects by sex, age, and
residential area, and
examination rate (O%)

Age
(years)
50-59
60-69
Total

Male
Fishing
villages
134 (63 8)
157 (81-4)
291 (72-2)

Mountainous
villages
67 (61 5)
81 (77-9)
148 (69-5)

Middle
areas

75 (78-1)
74 (82-2)
149 (80-1)

Female
Fishing
villages
188 (87-0)
210 (80 2)
398 (83 3)

Mountainous
villages
118 (89 4)
108 (75-5)
226 (82 2)

Middle
areas

98 (83 8)
96 (77 4)
194 (80 5)

Total

680 (77 3)
726 (79-3)
1406 (78 3)

fishing villages, mountainous villages, and the
central areas.
Table II shows the results of examinations and

the criteria used for evaluation of liver diseases. In
these examinations, hepatitis B surface antigen
(HBsAg) testing was performed in 1986, 1988,
and 1989, and ultrasonographic examination was
performed on the subjects screened by
haematological and physical examination in 1988
and 1989. Blood analyses were performed using
an SMA12/60 autoanalyser. A case-control study
was also carried out; 25 liver disease cases (3.4%
of the subjects) were selected based on the
findings of physical, blood, and ultrasonographic
examinations, and 75 sex-age matched controls
(3:1 within one year age matching) were selected
from among subjects with no abnormal findings.
We studied the following six related risk factors:
HBsAg positive, past history ofblood transfusion,
family history of liver diseases (within a first or
second degree relative), alcohol consumption
(more than 18 g per day), obesity Katsura's index
[= {weight/(height - 100) x 0 9} x 100] more than
115%), and the indirect risk factor of a history of
consumption of methyl mercury contaminated
fish (fishing village residential history). The odds
ratio (approximate relative risk) was calculated
from the results of case-control observations.
From these results and the frequency of risk
distribution, attributable risk percent, population
attributable risk percent, and population relative
risk were calculated to estimate the contribution
of each risk factor for liver disease in 'A' Town.

Table II Examination
protocol for identification
of liver disease, with
criteria for normality

Table III Numbers and
prevalence rate (%) of
abnormal blood findings

Questionnaire (past history, family history, alcohol
consumption)
Body height and weight (obesity)
Blood examiantion:

Aspartate aminotransferase (<40 U/litre)
Alanine aminotransferase (< 35 U/litre)
Albumin/globin ratio ( > 1 1%°/)
Zinc sulphate turbidity (< 15 U)
Total bilirubin ( < 22 pmol/litre)
Alkaline phosphatase (< 13 King Armstrong units)
y-glutamyl-transpeptidase (y-GTP) (< 60 U/litre)
Hepatitis B surface antigen (HBsAg)

Ultrasonographic examination

Age
(years) Sex Residential area

50-59 Male Fishing villages
Mountainous villages
Middle areas

50-59 Female Fishing villages
Mountainous villages
Middle areas

60-69 Male Fishing villages
Mountainous villages
Middle areas

60-69 Female

Total Male
Female

Fishing villages
Mountainous villages
Middle areas

AST/ALT
(05I-N 1 (/I n-7\) 7 '. k .) ----I a (.n)8 (6 0)

5(7*5)
2 (2-7)

Results
BLOOD EXAMINATION
As shown in table III, the rate of increased
transaminases (serum aspartate and/or alanine
aminotransferase) was 5-1% in males and 2 8% in
females. The rate of increased serum y-glutamyl-
transpeptidase (y-GTP) was 11 2% in males and
233% in females, and increased serum alkaline
phosphatase was seen in 4-30% of the males and
322% of the females. The rate of increased total
bilirubin was 5-500 in males and 3 0% in females,
and a raised value for the zinc sulphate turbidity
test was seen in 2 7% of males and 4 70', of
females. There were significant sex differences in
the rate of increase of aspartate/alanine amino-
transferases and y-GTP. Differences among
age groups were not found. Lower rates of
increased total bilirubin and zinc sulphate
turbidity were found in the group residing in
fishing villages.

ULTRASONOGRAPHIC EXAMINATION
Table IV shows the ultrasonographic findings
in the subjects screened by haematological
examination. The prevalence rate of suspected
liver tumour was 0-5% in males (0% in females)
and the liver cirrhosis prevalence was 0.500 in
males and 0 1% in females. The prevalence rate of
hepatitis was 2-7% in males and 0-4% in females.
In addition, the rate of suspected fatty liver was
255% in males and 1 0% females, and gallstones
were present in 0-7% of males and 0-4% of
females. There was significant sex differences in
the prevalence of hepatitis, but no geographical
differences were found. The rate of increased
levels of any type of abnormal haematological
finding in participants who were subjected to
ultrasonographic examination was 20 9% among
males and 14-1% among females, and there were
significant sex differences, in particular the lowest
level was seen in females residing in fishing
villages. However, ultrasonography was only
done in about 70% ofthe screened subjects. In the
group which did not receive ultrasonographic

y-GTP
17 (12 7)
15 (224)
9 (120)

ALP
7 (5-2)
3(4*5)
1(1 3)

1 oralITotal
bilirubin'

no t-9)m
4 (80) l*
8 (140) m

ZTT
,* p-v)
2 (3 0)
0

2(1 1) 4 (21) 9(48) 1 (07) :. 2 (1 1)
5(42) 4 (34) 1 (09) 6 (6 1) ' 7 (5 9) *
2 (2-0) 2 (2-0) 2 (2 0) 3 (3 9) 0 1

7 (4-5) 12 (7 6) 8 (5 1) 5 (4 2) 4 (2 5)
5 (6-2) 10 (12 3) 2 (2 5) 1 (1 5) 5 (6-2)
3 (4-1) 3 (4-1) 4 (5-4) 1 (1-6) 1 (1-4)

4(19) 4 (19) 6(29) 3 (20) 7 (33) m
6 (5-6) 2 (1 9) 2 (1-9) 3 (3 3) 13 (12 0) J [
4 (4-2) 3 (3.1) 6 (6-3) 3 (3 8) 9 (9-4) -

30 (5 1) m* 66 (11-2) t 25 (4 3)
23(2 8) 1 19 (2 3) L' 26(3 2)

24 (5'5) 16 (2-7)
19 (3 0) 38 (4 7)

aTotal bilirubin was measured only in 1988 and 1989
AST = aspartate aminotransferase; ALT = alanine aminotransferase; y-GTP = y-glutamyl transpeptidase;
ALP = alkaline phosphatase; ZTT = zinc sulphate turbidity test

*p< 005; tp<0 01

238



Liver disease risk in a methyl mercury polluted area

Table IV Numbers and prevalence rate (%) of abnormal ultrasonographic findings
Liver

Numbers disorders
Corresponding numbers examined estimated
and prevalence (°o) of by in non-

Liver Liver Fatty Gall- persons with abnormal ultraso- examined
Age Sex Residential area Hepatitis cirrhosis tumour liver stone Others blood findings nography subjects
50-59 Male Fishing villages 5 (4-1) 0 0 2 (1-7) 0 2 (1-7) 28 (20 9) 15 (53 6) 6 (4 5)

Mountainous villages 2 (3-2) 0 0 2 (3-2) 1 (1-6) 1 (1-6) 16 (23 9) 11 (68 8) 2 (3-0)
Middle areas 1(14) 0 0 2(2 8) 0 1(1 4) t 14(18 7) 10 (71 4) 3 (4-0)

50-59 Female Fishing villages 1 (0 6) 0 0 1 (0 6) 0 1 (0-6) _ 14 (7 5) t 6 (42 9) 0
Mountainous villages 1 (0 9) 0 0 2 (1-8) 0 0 22 (18 6) L 16 (72 7) 1 (0-9)
Middleareas 0 0 0 1(1 1) 1(1 1) 2(2 1) 11(112) 7(63 6) 1(10)

60-69 Male Fishing villages 3 (2-0) 0 1 (0 7) 4 (2-7) 1 (0-7) 3 (2 0) 38 (24-2) 28 (73-7) 5 (3-0)
Mountainous villages 3 (3 8) 1 (1 3) 1 (1-3) 2 (2 5) 2 (2-5) 2 (2 5) 17 (21-0) 16 (94 1) 0
Middle areas 1(1-4) 2(2-8) 1 (1-4) 2(2-8) 0 0 t 10 (13 5) 7(70-0) 1 (1-4)

60-69 Female Fishing villages 0 0 0 1 (0-5) 1 (0 5) 1 (0 5) 20 (9 5) - 11 (55-0) 1 (0 5)
Mountainous villages 0 0 0 1 (1 0) 1 (1 0) 3 (3-0) 26 (24 1) 1t 17 (65 4) 2 (1-9)
Middle areas 1 (1 1) 1 (1 1) 0 2 (2-2) 0 1 (1 1) 22 (22-9) 17 (77 3) 0

Total Male 15 (2 7) 3 (0 5) 3 (0 5) 14(2 5) 4(0-7) 9 (1-6) 123 (20 9) 87 (70 7) 17 (2-9)
ti t

Female 3 (0-4) 1 (0 1) 0 8 (1 0) 3 (0-4) 8 (1 0) 115 (14-1) 77 (67-0) 5 (0-6)
tp<0-01

examination, there was a prevalence of positive
findings in the other screening tests of 29%o in
males and 0-6% in females, and these figures
should be taken into account when analysing the
ultrasonographic findings.

THE RISK FACTORS FOR LIVER DISEASE
The frequency of the five known risk factors for
liver disease was as follows: positive HBsAg, 2 1 °o
in males and 1 9% in females; past history of blood
transfusion, 722% of males and 7 4% of females; a
family history of liver diseases, 5 4% of males and
5 1% of females; obesity, 12 2% of males and
21 5% of females; and alcoholic drinking habits,
32.8% of males and 1 0% of females (table V).
There were significant sex differences in the
frequency ofobesity and alcohol consumption, and
no geographical differences were seen.
Table VI shows the relationship between these

risk factors and the prevalence of liver disease.
The frequency rate of subjects with obesity was
significantly higher among female patients (60%),
and that of subjects with alcoholic drinking habits
was significantly higher among male patients
(69%), than in the control group with no liver
disease (12% and 30%, respectively).

THE RELATIVE RISKS OF THE RELATED FACTORS FOR
LIVER DISEASE
Table VII shows the odds ratio for the six risk
factors examined, based on the case-control
study. The odds ratios were 3 04 forHBsAG, 7 73

for past history of blood transfusion, 0-98 for
family history of liver disease, 1 54 for alcoholic
drinking habits, 0 38 for obesity, and 0 57 for
history of residence in fishing villages near the
Yatsushiro Sea. The odds ratio value for past
history of blood transfusion was significantly
increased.
Table VIII shows the attributable risk percent

(ARP), population attributable risk (PAR), and
population relative risk (PRR) of three factors
with positive odds ratios. The risk of liver disease
was high (ARP 70-90%/o) in a population with
HBsAg and with a past history of blood transfu-
sion, in spite of the small number of transfused
subjects. Moreover, the contribution rate for liver
disease (PAR and PRR) was higher for past
history of blood transfusion in 'A' Town than for
the other factors.

Discussion
A mass screening survey of liver diseases was
performed to detect the actual prevalence of liver
disease and to investigate the contribution of
various risk factors to liver disease in the area
studied. 'A' Town is a small rural community of
approximately 6200 inhabitants, 10 km north of
Minamata City. More than half of the residents
are engaged in agriculture (mainly orange
growing), or fishing in the Yatsushiro sea, and the
rest are employed locally in small businesses
located in Minamata City. One of the potent

Past Family
history history Alcoholic
of blood of liver drinking

Age Sex Residential area HBsAg' transfusionb disease Obesity habits
50-59 Male Fishing villages 2(2-4) 8 (8-7) 4(3 0) 19 (14 2) 51 (38-1)

Mountainous villages 1 (1-8) 1 (1-6) 7 (9-3) 8 (10-7) m 24(32-0)
Middle areas 1(2 1) 1 (1 9) 4(6-0) 16 (23-9) J* 25 (37-3)

50-59 Female Fishing villages 3 (22) 12 (79) 8 (43) 44 (234) 2 (1 1)
Mountainous villages 0 4 (4 8) 5 (5-1) 17 (17 4) 2 (2-1)
Middle areas 1(1 0) 10 (9 7) 5 (4-2) 28 (23-7) 1 (0 9)

60-69 Male Fishing villages 3 (2 5) 11 (8-7) 6 (3 8) 17 (10-8) 47 (29-9)
Mountainous villages 0 8 (11 9) 3 (4 1) 4 (5-4) 21 (28 4)
Middle areas 2(3-1) 5 (6 9) 5 (6-2) 8 (9 9) 25 (30 9)

60-69 Female Fishing villages 5 (3 3) 13 (7-9) 9 (4-3) 46 (21-9) 2 (1.0)
Mountainous villages 1 (1-3) 2 (2 4) 5 (5-2) 20 (20 8) 1 (1 0)
Middle areas 2 (2 2) 9 (9 7) 10 (9-3) 21 (19 4) 0

Total Male 9(2 1) 34 (7 2) 32(5 4) 72 (12 2) 193 (32-8)

Female 12 (1-9) 50 (7-4) 42 (5-1) 176 (21 5) 8 (1-0)
aHBsAg =hepatitis B surface antigen (tested for only in 1986, 1988 and 1989)
bPast history of blood transfusion was obtained in 1988 and 1989*p<0.05; tp<0 01

Table V Numbers and
prevalence rate (%) of
subjects with risk factors
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factors influencing the decision to locate the pro-
gramme in 'A' Town was the presence of a highly
cooperative and informed medical organisation
and a reasonably stable population of adults. The
other important factor was the fact that there is a
high prevalence ofMinamata disease in the area.' 0
We felt that it was important to follow up the health
state of inhabitants living in a methyl mercury
polluted area, paying particular attention to dis-
eases other than those of the central nervous
system, which have been concentrically studied
over a long period." We have previously studied
the cause specific standard mortality ratios in
Minamata disease patients and reported that the
standardised mortality ratios for liver disease were
significantly raised in male patients.6 The next step
was to clarify the actual prevalence and incidence of
liver disease epidemiologically among patients and
inhabitants in this area.

Table VI Relationship between risk factors and liver disease numbers and
prevalence (0)

Past Family
history history Alcoholic

Liver of blood of liver drinking
Sex disease HBsAG transfusion disease Obesity habits

Male Present 1 (2 9) 5 (14 3) 2 (5-7) 3 (8 6) 24 (68 6)
Absent 6 (1 5) 29 (7 2) 26 (6 5) 26 (6 5) 122 (30 4) J

Female Present 1 (10 0) 1 (10 0) 2 (20 0) 6 (60 0) ) 0
Absent 9 (1 5) 49 (7 9) 32 (5-1) 74 (11 9) I 5 (0-8)

Both Present 2 (4 4) 6 (13 3) 4(11 4) 9 (20 0) 7* 24 (53 3)
sexes Absent 15 (1-5) 78 (7 6) 58 (5 7) 100 (9 8) J 127(12 4)

HBsAG = hepatitis B surface ant
*p<0.05; tp<0 01

Table VII Odds ratios
of the related risk factors
for liver disease

tigen

no clear relationship in the chronic stage with the
lapse of time after a high level of exposure to
methyl mercury. Other types of study must be
performed in future to investigate the relationship
between methyl mercury exposure and liver dis-
orders.
The prevalence rates of liver diseases in the

general population were clarified in this study.
Results showed that the rates were as follows: liver
tumour, 055% in males; liver cirrhosis, 0-5% in
males and 0-1% in females; and hepatitis, 5.4% in
males and 1 0% in females. These rates were not
high compared with those in previous reports in
Japan; however, the rate of increased trans-
aminase levels was relatively low, contrary to our
expectations based on the patient survey
reports. 1-5 As to the risk factors for liver disease,
in the patient group the frequency rate of liver
diseases in the subjects with obesity was signifi-
cantly higher in females and in males with
alcoholic drinking habits. In addition the odds
ratio of past history of blood transfusion was 7 73
and the attributable risk percent was very high
(87 1). These results agree with previous reports
from Japan.3 In this study, 94% of HBsAg
positive individuals showed no abnormal liver
function findings, and 18% carried the e antigen.
The attributable risk percent of HBsAg positive
subjects was 671%. Generally more than 90%
of HBsAg positive individuals seem to be
asymptomatic carriers; however, HBsAG was
confirmed to be a risk factor in liver disease.'4

Past Family History of
history history Alcoholic residence
of blood of liver drinking in fishing

HBsAg transfusion disease Obesity habits villages

Odds ratio 3 04 7 73 0-98 0-38 1 54 0-57
(95%O confidence interval) (0- oo) (0-86-csD) (0-7-73) (0-11-1-10) (0-57-4-25) (018-162)
Frequency among cases (O) 4-0 120 53 24 0 48 0 28 0
Frequency among controls () 13 1 3 53 467 37-3 41 3

HBsAg= hepatitis B surface antigen

Table VIII The estimation of contribution to liver diseases of the related risk factors

HBsAg

Attributable risk (%)
Population attributable risk (0h)
Population relative risk ('a)

HBsAg = hepatitis B surface antigen

67 1
3 2
1 03

Past
history
of blood
transfusion
87-1
438

1 78

Alcoholic
drinking
habits

35 1
11 3
1 13

Friberg reported that serum cholinesterase and
alkaline phosphatase were decreased in patients
with mercury poisoning.'2 Takeuchi et al have
reported that one of the other concurrent patho-
logical changes which may develop in Minamata
disease patients is fatty degeneration in the liver.9
Takizawa also reported that mercury levels in
liver were generally higher than in other organs, in
spite of the short biological half life of mercury.13
In this study we were unable to find any positive
evidence of the relationship between methyl
mercury exposure and liver disease. Moreover,
only one case of fatty liver was found in 31
certified Minamata disease patients and there
were no other positive findings. However these 31
patients comprised only 110% of the 281 known
cases ofMinamata disease living in 'A' Town, and
it is supposed that many of these patients were

already under medical care and felt no need to be
examined in this kind of study. There seems to be
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