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INTRODUCTION

There is considerable variation in the reported autopsy
prevalence of cholelithiasis throughout the world. Gallstones
are said to be much more prevalent in the Western world
than in Asia or Africa.'® In addition to geographic
differences, the reported figures vary considerably within
the same country,!® Differences in age, sex, and race of
the individuals who comprise each autopsy series explain
some of these variations.

Cholelithiasis has been reported to be infrequent in Japan.
Miyake 7 stressed this in 1912 and it has been subsequently
confirmed by others.™”
ment stones is said to be greater in Japanese than Western
people. This high proportion of pigment stones, particularly
those in the common bile duct, has been attributed to
precipitation of bilirubin pigments around ascarides lodged
in the common duct.

However, the proportion of pig-

An autopsy series representative of a defined fixed
Japanese population has been studied. Since information
concerning exposure to ionizing radiation, occupation, and
socioeconomic status was available for most of these cases,
the problem of cholelithiasis in Japan has been reexamined.

MATERIALS AND METHODS

The JNIH-ABCC Life Span Study Sample!” consists of a
fixed population sample of approximately 100,000 people
who resided in Hiroshima or Nagasaki in 1950. Included
are individuals exposed to radiation from the atomic bombs
and, for purposes of comparison, a number of nonirradiated
persons. Estimates of the dose of ionizing radiation that
the exposed individuals received are available in almost
all cases, based on a tentative 1965 (T65D) estimation
method.!! When a member of this sample dies, an intensive
effort is made to obtain permission for autopsy, regardless
of the cause or place of death. Postmortem examination
is performed on approximately 40% of those who die.
These autopsies make up the Life Span Study autopsy
series and are considered to be a relatively unbiased
subsample of all deaths in the Life Span Study population.
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All autopsy protocols(2457) in this sample from 1 October
1961 through 31 December 1967 were reviewed and all
cases of intrahepatic lithiasis, cholecystolithiasis, choledocho-
lithiasis, and cholecystectomy were recorded, from both
the final autopsy diagnoses and from the descriptions of
the liver, gallbladder, and bile ducts. If the presence of
lithiasis was not indicated, it was assumed that no stones
were present. Additional information regarding occupation
and socioeconomic status was obtained from the atomic
bomb survivors survey conducted at the time of the 1960
Japanese National Census.

Autopsy specimens from 100 cases in Hiroshima with a
diagnosis of cholelithiasis were searched for stones.
Gallbladder and bile duct stones from 50 of these cases
were retrieved from the stored formalin fixed material.
These stones were bisected and classified as pigment,
cholesterol, mixed, or combined stones, using the criteria
described by Bockus.!2 Cholesterol stones had no nuclei
or lamination and were composed of cords or columns of
crystals radiating out from the center of the stone.
Pigment (bilirubin) stones were black and homogeneous
without nucleus, lamination, or cortex. Mixed stones were
usually multiple, faceted, and composed of lamellae -of
cholesterol, bilirubin, and calcium. Combined stones
contained a radiate cholesterol center surrounded by a
cortex of cholesterol, bilirubin, and calcium in the pattern
of a mixed stone. All of the bilirubin stones were embedded
in paraffin, sectioned with a microtome, and stained with
hematoxylin-eosin in an effort to determine the presence
or absence of parasites. This procedure was not attempted
with the other types of stones because of the difficulties
encountered in sectioning the stones. (The basic statis-
tical data used in this study were IBM tabulations
02000.1 —.7.)

RESULTS-

Prevalence Cholelithiasis was present in 356 of 2457 Life
Span Study autopsies {14.5%) while only 17 chole-
cystectomies were recorded. If all 17 resected gallbladders
contained stones, the overall prevalence would be increased
by only 0.7%. The prevalence of lithiasis did not differ
by city in either sex or in any decade, so the cases for
both cities were combined and were further subdivided
according to the site of stones(Table 1). Because a few
of the autopsies had stones present at two or more sites,
the sum of the cases of cholecystolithiasis, choledocho-
lithiasis, and intrahepatic lithiasis is greater than the total
number of cases of lithiasis(all sites}in Table 1. Lithiasis,
all sites combined, was significantly (P <.01)more prevalent
in females (16.8%) than in males (12.4%). Both chole-
cystolithiasis and choledocholithiasis were more prevalent
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TABLE 1 PREVALENCE OF LITHIASIS BY SITE, AGE, AND SEX JNIH-ABCC LIFE SPAN STUDY SAMPLE,
HIROSHIMA AND NAGASAKI, 196167

1 MAEOFEHZE: S0 - F/ - E9 TH-ABCCHGBEN R, LS & UL, 1961 - 674
Age i Autopsies Total All Sites Cholecystolithiasis Choledocholithiasis Intrahepatic Lithiasis
ot Donth 8 fit, S ML 85 £ I £ 7 o T
mrpga g Male Female Male Female Male Female Male Female Male Female
S ) & 0 s 2] & 9 &
<20 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20-29 23 12 2 BT i 83 1 4.3 0 0 1 4.3 1 83 0 0 0 0
30-39 48 45 3 6.3 i P 2 4.2 1, @22 A 0 0 S O | 0 ]
40-49 55 60 8 14.5 5 8.3 6 10.9 2 33 g hh 2 3.3 0 0 1 R a7
50-59 128 138 11 8.6 13 9.4 8 6.3 11 8.0 4 31 3 22 1 0.8 0 0
60-69 422 268 48 11.4 39 14.6 39 9.2 28 10.4 18 4.3 14 5.2 1 0.2 3 19
TO+ 604 631 87 14.4 138 21.2 71 11.8 106 16.3 35 5.8 61 9.4 12 2.0 15 2.3
Total &+ 1283 1174 159 12.4 197 16.8 127 9.9 148 12.6 62 4.8 81 6.9 15 12 21 1.8
in females than in males(P<.05). However no significant LILEOHAPBEVEESL > 2 (P<.05). LaL, BF
sex difference could be detected for intrahepatic stones. PEGIZYLTIE, HELB L2 3a8nshths -
The prevalence of stones in the gallbladder, bile ducts, or IBEE, BEE £ 7 130FREL 03 A5G OB E L, FEb Y
liver increased with age and in general was greatest for EEIHIINL, —RIT0&L FO BB ECh 7. &

those individuals 70 years and older. When the prevalence
of stones, all sites combined, was analyzed for sex differ-
ences by age (using age groups 20-39, 40-59, and 60+),
the prevalence was significantly greater in females than
in males for only the age group 60+ (P<.001).

Composition of Stones Twenty six autopsies were classi-
fied as containing mixed stones (52%), 16 as pigment
stones (32%), 7 as radiate cholesterol stones (14 %), and
1 as a combined stone (2%). Stones from both the gall-
bladder and bile ducts were used in the analysis.
However, no subgrouping into age, sex, or site of stones
was attempted due to the small number of cases available
for study. Of the 16 pigment stones 2 contained the
remains of parasites. Both stones came from the common
bile duct and were composed of cylindrical fragments of
black friable homogeneous material. Microscopic exami-
nation revealed the pigmented remains of parasites that
were identified as round worms (Figure 1).

Radiation In order to determine the relationship, if any,
between ionizing radiation and the prevalence of lithiasis,
the exposed cases of lithiasis were divided into four groups
by radiation dose (T65D) as shown in Table 2. The
age-sex adjusted expected value was calculated on the
hypothesis that there is no difference in prevalence of
lithiasis by radiation dose. The ratio of the observed to
the expected cases of lithiasis shows, therefore, a kind of
relative risk. No relationship between ionizing radiation
and lithiasis (all sites) was found. Similarly, no relation-
ship was evident between radiation and cholecystolithiasis,
choledocholithiasis, or intrahepatic lithiasis (Table 2).
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Figure 1 Pigmented remains of parasites that were identified as round worms under microscopic examination,
H1 S TRETHE It LARE L AFEAn R

TABLE 2 PREVALENCE OF LITHIASIS BY RADIATION DOSE (T65D), EXPOSED ONLY, HIROSHIMA AND NAGASAKI
%2 BEEOHFR: ROHE(TED) M, BAE0S, Kbk Ui

Classification T65D (rad) Test
hey: dns Total 4§ 0-9 10-39 40-179 1804 Unk. fimy  HEAEHCE
Total all sites Observed BE# 280 180 63 26 & 5
A A Expected MA#F6 280 175.2 55.1 3z.2 10.6 6.9 NS
O/E SN / 017N 1.03 1.14 0.81 0.57 0.72
Autopsies & H 1922 1208 353 219 84 58
Gallbladder Observed 1% fif 211 137 50 17 3 4 NS
K O/E Wi / 7 il 1.04 1.21 0.69 0.37 0.74 F
Bile Ducts Observed % il 114 74 21 14 3 2 NS
e % O/E BREE / MHFFR 1.03 0.93 1.09 0.75 .78 i
Liver Observed %l 29 22 5 1 1 0 NS

AT ik O/E #%il / MHEFH 1.21 0.89 0.28 1.03 0.00

NS Not significant F 8 T % v

Socioeconomic Factors Three parameters were availa- #HEEBENER FaPHES RO SEEIRE & Sl
ble to evaluate the socioeconomic status of the people in T EEB3IOOKRFAEHBT A2 ENTER. Thbb,

the Life Span Study population. These parameters were: i) B AN (O s SERG D E D

(113 s - T i &F (24 BE 3= B - S| -I.:.:';" &
type of major family income; occupation of the head of the Loy ZRADHI, (26 E OB fElEo
family; and amount of living space(number of tatami mats*) hhOLs(BE)M¥ChTthd, 2o, HEH
per person 1n the home. This information was avai]ab?e WEMBOIEEAEK 12> 0T, 1960EERBETALES
for almost 66% of this population from the 1960 atomic

i L wi ; I POR SR - - for AT - . e b 1T ET 7 2 g
bomb survivors survey. For each parameter the individuals SRtH L. FRFIOVTH, HRHAE TLOL S
were divided into three or four classes as shown below. 3HVL4OBERICYELA, BIHIEHOHSER

Class I repf‘esented those in the highest socmeco@mu:_ B ET 5L 0sE L, B, Bbr 05N
group and Classes II, 111, and IV represented successively

lower groups. BERIZRCHER TS 5.

* A type of grass mat measuring approximately 3 by 6 feet, covering the floors in a Japanese home, and used to indicate the size of the home.



A. Type of major family income
Class I Land owner, interest, pension
Class II Business men
Class Il Salaried men
Class IV Livelihood protection law, side business

B. Occupation of head of family
Class I Professional or managerial work
Class I Clerical or sales work
Class III Farmer, craftsmen, or service worker
Class IV Transportation, unskilled worker

C. Number of tatami mats per person
Class I 7.0 + mats
Class 11 6.9 —3.0 mats
Class III <3.0 mats

As shown in Table 3, no relationship was found between
the type of major family income and the prevalence of
lithiasis at autopsy. However, the relationship between
lithiasis and both the occupation of the family head and
the amount of living space per family member was
suggestive (.10>P=.05). Table 3 shows that there is a
tendency for the prevalence of lithiasis to decrease as
the socioeconomic level falls.
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TABLE 3 RELATIONSHIP BETWEEN LITHIASIS AND SOCIOECONOMIC STATUS
#3 RAIE & SRREAVIRTE & o B

Classification Total Class II Class III Class IV Unknown Test *
X 55 1 IR HMEe HIVEE ER B &t B
Type of major income ¥ & % Il A o 3
Number {7l & 2457 391 866 120 938 NS
Lithiasis #£4 &F % 14.5 12:5 15.1 16.7 14.1
Occupation of head of the family it £ Rk
Number 1 £ 2457 252 350 132 1631 S
Lithiasis # 7 i % 14.5 14.7 10.3 14.4 15.1 a8
Number of mats per person U+ & 0 & 7= 1} & ¥
Number ) $2 2457 796 485 948 s
Lithiasis # i i % 14.5 15.2 12.4 14.0 HE

* NS: Not significant #8741

Gallbladder and Bile Duct Carcinoma Carcinoma of
the gallbladder was present in 31 of 2457 Life Span Study
autopsies (1.3%) and was present in 6 of 275 cases of
cholecystolithiasis (2.2%). Conversely cholecystolithiasis
was present in 11.2% of the autopsies and was present in
19.4 % of cases of gallbladder carcinoma(6/31). Although
these differences suggest that people with gallbladder
stones are more likely to develop gallbladder carcinoma
than the random individual in the population, the increase
in risk is not statistically significant in this series.

Sug: Suggestive aiHEHY
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Choledocholithiasis was found in 5.8% of the autopsies,
vet was present in 14.3% (2/14) of the cases of bile duct
carcinoma. Bile duct carcinoma was present in
0.6% (14/2457) of the autopsies and 1.4 % (2/143) of the
cases of choledocholithiasis. These differences, though
again not statistically significant, suggest a tendency
toward a positive relationship between ductal carcinoma
and choledocholithiasis.

DISCUSSION

The overall prevalence of cholelithiasis (14.5 %)in our study
is considerably higher than that previously reported from
Japan or other countries in Asia(Table 4). Stitnimankarn®
reported an overall prevalence of 1.4 % in Thailand and
Ludlow? found cholelithiasis in 2.9% of the Korean
people at autopsy. Miyake? reported a prevalence of 3.0%
in autopsy material from Kyoto, Tokyo, and Kyushu
Universities. In 1930 Inada® (Kyoto University) and
Kido!3(Niigata city) reported the autopsy prevalence of
cholelithiasis to be 2.8% and 5.6% respectively. Maki et al?
found cholelithiasis in 4.4% of 35,028 autopsies in the
postwar period 1955-61 and suggested that the prevalénce
of stones was increasing with the rising standard of living.
These wide variations in prevalence are probably due to
a variety of factors including variation in the age and sex
of the individuals making up the autopsy series. Chole-
lithiasis is infrequent in children and young adults and
therefore an autopsy series composed predominantly of
young people will have a low prevalence of cholelithiasis.
Similarly, since males are less likely to have cholelithiasis,
an autopsy series weighted with males will have a low
prevalence of cholelithiasis. More reliable information
regarding prevalence can be obtained by arranging cases
with lithiasis according to age, sex, and site of stones as
in Table 1.

The above reports all indicate that the overall prevalénce
of stones in Japan is less than that of the Western world,
but only Kido has reported the prevalence of cholelithiasis
with regard to age and sex. Table 5 compares the autopsy
prevalence of cholelithiasis in Japan by age and sex with
that of other countries. It is most interesting to compare
our results with those of Kido. Although our overall
prevalence is almost three times as great as his, the
prevalence by age group is quite similar.

Because of differing sampling situations, the various series
may not be entirely comparable, however some interesting
trends are apparent when our series is compared with the
others in Table 5. In general the prevalence of lithiasis
in Caucasian females appears to be greater than in Japanese
females for the ages 40 and above, while the incidence
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TABLE 4 REPORTED PREVALENCE OF LITHIASIS AT AUTOPSY IN VARIOUS COUNTRIES

#4 FEOHBCIsTANAREOERE

Author Country Autopsies Cholelithiasis %

e # I H B 8 1L £E 1 %
This report # 8% Japan O #& 2457 356 14.5
% Inada B Japan  H & 4634 129 2.8
 Maki et al Hi5 Japan H#F 35028 1536 4.4
¥ Kido A F Japan A4 1373 77 5.6
" Miyake =% Japan  H & 8406 257 3.1
* Stitnimankarn Thailand # 4 3283 46 1.4
3 Ludlow Korea it 275 8 2.91
" Lieber USA ESE 34666 3448 9.94
5 Kozoll et al USA A 15 29618 1874 6.3
* Martensson 1288

Sweden A% - —F v

6575 19.6

TABLE 5 REPORTED PREVALENCE OF LITHIASIS (TOTAL ALL SITES) AT AUTOPSY
BY AGE, SEX, AND COUNTRY

#5 HEIZHTAMGEORFEI (&0 GF): i - - [EH5
Author Country Sex Age @
F% & £} i . 2039 40-59 60+
This report A 8 % Japan 04 M 6.8% 5/74 11.4%  19/183 13.2% 135/1026
F % 3.5 2/57 9.1 18/198 19.3 177/919
' Kido 475 Japan a4 M 5% 3.3 10/305 6.0 15/2 50 10.0 8/80
F % 6.1 10/164 18.8 22/117 23.5 12/51
® Stitnimankarn Thailand  # 1 M # 0.8 2/251 1.0 3/290 5.2 7/135
F % 1.7 4/238 53 10/190 7.5 6/80
1 Cunningham & USA * (3 M % 14F 3177 T 44/571 13.1 89/679
Hardenbergh F & 6.8 10/148 11.7 33/283 21.4 77/361
® Gross England [ M % 1.4 17/1211 7.9 156/1983 16.8 207/1232
F % 4.7 7/780 26.3 266/1009 36.0 186/517
1% Robertson & Dochat USA A M B 4.9 84/1720 13.1 541/4145 20.0 705/3534
F % 9.9 141/1427 26.8 G81/2541 41.2 608/1475
7 Lieber USA  xmasr M3 1.7 29/1702 6.2 301/4847 14.9 B70/5848
Cancasian F o« 6.7 95/1408 18.4 488/2651 28.9  1099/3802
" Lieber USA wEm) MB 0.6 11/1710 3.1 67/2174 it 84/1086
Negro \ F o4& 3.6 70/1966 0.1 188/1864 7.8 146/821

of lithiasis in Japanese females and in American Negro
females is approximately equal for all age groups.
Lithiasis is significantly more prevalent in Japanese
women than in Thai women only for the ages 60 and above.
The prevalence in Japanese males is somewhat greater
than that of Caucasian males in the age group 20-39 and
approximately equal in the age groups 40-59 and 60+.
Lithiasis is more common in all age groups of Japanese
males than in either Thai males or American Negro males.
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It is recognized that the autopsy prevalence of chole-
lithiasis is not an exact indication of the prevalence in
the general population, but autopsy prevalence does give
some indication of the extent of the disease.!* This
autopsy series is somewhat unusual in that it contains
many individuals who have expired at home and few deaths
in the perinatal-pediatric age group. Most autopsy series
contain a substantial number of cases in the perinatal-
pediatric age group and few home deaths. Thus, our
autopsy population differs substantially from most autopsy
series and is probably more representative of mortality
and morbidity in a community population than is the
average autopsy series.

Maki 15stated that choledocholithiasis occurs as frequently
as cholecystolithiasis in Japan, and suggested this was in
part due to parasitic infestations in the common bile duct.
Kameda 16 reported similar results, finding gallbladder
and bile duct stones in a ratio of 4:3. Kido's results were
somewhat different, for he found that only 15% of the
stones in his series occurred outside the gallbladder
(5.7:1 ratio). In our autopsies gallbladder stones were
approximately twice as frequent as bile duct stones(2:1 ratie).

The male-female (M/I) ratio in our material was roughly
1:1.4, a more nearly equal figure than the M/F ratios
for cholelithiasis reported from Europe and America.
Lieber,!™ Gross,'® and Robertson and Dochat!? found M/F
ratios of 1:2.2, 1:2.0, and 1:1.8 respectively. In Japan
Kameda has noted that this ratio becomes smaller if only
cholesterol stones are used in the analysis. Kameda's
M/F ratio was 1:1.67 for cholesterol stones and 1:1.36
for all types of stones combined. Maki et al,20 too, has
noted that the M/F ratio of cholesterol stones was 1:1.9
while the M/F ratio for all stones was 1:1.1.

Pigment stones (calcium bilirubin) are infrequent in the
Western world, occurring in 3.2%-15.0% of patients with
cholelithiasis. 2122 Often they occur in patients with
hemolytic jaundice, suggesting that increased bilirubin
excretion may play a role in pigment stone formation.
Calcium-bilirubin stones are much more frequent in Japan,
comprising 40%-80% of cases of cholelithiasis. 1516
Maki 15 believes that this increase is in part due to bacterial
and parasitic infections in the gallbladder and bile ducts.
Unfortunately, there is lack of agreement on the criteria
for the classification of gallstones, partially explaining the
great disparity in the reported prevalence of various types.
Bockus deseribes pigment stones as black and mulberry-
shaped, with a homogeneous architecture devoid of a
distinct nucleus, lamellation, or cortex. Maki 15 described
pigment stones as dark or reddish-brown, fragile, and
stratified. Kameda, using infrared spectro-photometry,
classified a stone as pigmented if the bilirubin content
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was greater than 30 % Others have not described their
criteria for classification at all. Because of this confusion
surrounding the classification, it is difficult to compare
one series with another.

We have carefully followed the criteria described by
Bockus and feel that a comparison with his cases is
legitimate (Table 6).
prevalent in our series, the proportion of cholesterol

Pigment stones were much more
stones was approximately equal, and the proportion of
mixed stones was greater in his series. Although this
comparison would indicate that the prevalence of pigment
stones is greater in Japan than in the United States, our
prevalence of pigment stones is lower than that generally
reported in Japan. However, there is some evidence that
the prevalence of pigment stones is falling as the frequency
of parasitic infestation decreases, paralleling the rising
standard of living and the increase in proportion of city
dwellers. 15,16 Kameda found that bilirubin stones occurred
in 27.7% of cases of gallstones from Tokyo while the
northern agricultural districts of Akita and Aomori
yielded 69.4 % bilirubin stones. Our population is composed
almost entirely of residents of Hiroshima and Nagasaki
cities with few people living in rural areas. When
Kameda's cases are limited to those from the Tokyo
district the results of the two studies are quite similar.
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TABLE 6 COMPARISON OF TYPE OF GALLSTONES IN JAPAN AND AMERICA

#6 HAMWEIHII&AORE LE
Cases Cholesterol Pigmented Mixed Combined
1 # ILAFO— BRA Ro R
This report 4 8% 50 14 % 32% 52% 2%
1t Bockus 156 3 82

Martensson 4 observed that cholelithiasis was more prevalent
in rich fertile areas of Sweden than in the mountainous
Maki et al? noted an increase in the
prevalence of cholelithiasis when prewar figures were
compared with the figures for 1955-61 and suggested that
the rising standard of living might be responsible. We

barren areas.

have found data in our population to support the contention
that the prevalence of cholelithiasis is greater in the
higher socioeconomic levels of the population. However,
our results are only suggestive (P<0.1) and more cases
of lithiasis are necessary for further investigation.

The association of cholecystolithiasis and gallbladder
carcinoma is well known. Most authorities now believe
that stones precede the carcinoma and play some role in
initiating it. The relationship between duct stones and

ductal carcinoma remains controversial. Our data suggests
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that there is an association between cholelithiasis and both
gallbladder and bile duct carcinoma, but this association
is not statistically significant.

SUMMARY

The prevalence and associated relations of biliary lithiasis
was studied in the ABCC-JNIH Life Span Study series of
2457 autopsies in Hiroshima and Nagasaki. Cholelithiasis
was found in 356 cases. The prevalence increased with
age in both sexes. Stones were found with decreasing
frequency in the gallbladder, common duct, and intrahepatic
ducts. Analysis of 50 stones showed 52% mixed, 32%

pigmented, 14% cholesterol and 2% combined type.

No relationship was found between stone formation and
ionizing radiation exposure at the time of the A-bomb. There
was some evidence that the prevalence of cholelithiasis is
greater in the higher socioeconomic levels of the population.
Although cholelithiasis is said to be infrequent in Japan,
prevalence in this series approached that reported in
America. Stones were found more frequently in females,
but the sex ratio did not approach the 2:1 ratio reported
in Western countries. The prevalence in Japanese males
was apparently equal to that reported for Caucasian males;
however the prevalence for Japanese females was
considerably less than that usually reported for Caucasian
females. Pigmented stones, said to be uncommon in
Americans, comprised 32% of the stones analyzed in
this series. The association of stones with gallbladder
carcinoma was approximately one third that reported in
the United States.
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