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CIRRHOSIS OF LIVER IN HIROSHIMA AND NAGASAKI
LE -EBICHEYIHEE

INTRODUCTION

Since 1959 the Atomic Bomb Survivors Medical Treatment
Law in Japan has included chronic liver disease as a
radiation related condition. At least two reports in Japan
have suggested that there is no relationship between
cirrhosis of the liver and ionizing radiation though controlled
studies using the most recently available exposure data
have not been donel?
relationship between cirrhosis and ionizing radiation in the
JNIH-ABCC Life Span Study sample, as well as focus on
reasons for the increased amount of nutritional cirrhosis

This report will analyze the

in our series.

MATERIALS AND METHODS

The Life Span Study is based on a matched fixed population
sample of approximately 100,000 people who were living in
Hiroshima and Nagasaki, Japan in 19503 It consists of
four groups as follows:

A. Located 0-1999 m from the hypocenter at the time of
bomb (ATB);

B. Located 2000-2499 m from the hypocenter;

C. Located 2500-9999 m from the hypocenter, matched
by age and sex to Group A; and

D. Located 10000+ m or not in the city ATB, matched
by age and sex to Group A.

The amount of direct radiation has been estimated for more
than 95% of this sample based upon the air dose curves
of Auxier et al from investigations both at ABCC and the
Oak Ridge National Laboratory! Fallout and induced
radiation have been estimated to contribute only a small
proportion of the total radiation dose?

The ABCC-JNIH autopsy program has been active since
1948. Special efforts are made to obtain permission for
an autopsy when members of the Life Span Study sample
die, without regard to cause or place of death. Most
autopsies are performed at ABCC. Some are performed
elsewhere and reviewed at ABCC. Since 1 October 1961
the autopsy rate has varied from 37% to 43% of the indi-
viduals dying in the sample. Prevalence figures, exposure
data, statements about the population, and discussion of the
types of cirrhosis will be made based only upon the cases
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between 1 October 1961 and 31 December 1967. An earlier
bias in favor of proximally exposed individuals has now
been removed.®

There were 143 cases of cirrhosis of the liver found in
the 2457 Life Span Study autopsies. Of these 143 indi-
viduals 108 were in the city ATB, 80 in Hiroshima and
28 in Nagasaki.

Cirrhosis of the liver was classified using Gall’s criteria
for posthepatitic, postecrotic, nutritional, and mixed
cirrhosis” To make the diagnosis of obstructive (biliary)
cirrhosis the criteria of MacMahon were employed.?
Congestive and pigmentary cirrhosis constituted the final
two categories of cirrhosis. The cirrhosis in each case
was evaluated for its overall severity as well as fatty
change, fibrosis, inflammation, necrosis, and regeneration.

The process of selection of the cirrhosis included the
examination of any case coded as cirrhosis of the liver in
the autopsy file. In addition all cases suspected of having
hepatic fibrosis either grossly or microscopically from our
review of the 2457 autopsy protocols were examined. The
reexamination of gross material, routine slides, and specjally
stained histologic sections when indicated were also
evaluated.

RESULTS

The 143 cases of cirrhosis of the liver were classified as
follows: 61 (42.6 %) posthepatitic, 30 (21.0%) nutritional
21 (14.7%) obstructive, 15 (10.5 %) mixed, 12 (8.4 %) post-
necrotic, 2 (1.4%) congestive, and 2 (1.4 %) pigmentary.
Nutritional cirrhosis was more common in males; obstructive
and postnecrotic cirrhosis were more frequent in females

(Table 1).

The prevalence of cirrhosis of the liver in this study was
5.8 % based upon 143 cases in the 2457 autopsies. Crude
prevalence rates were somewhat higher in Nagasaki, 6.6 %,
than in Hiroshima, 5.6%. When the Nagasaki autopsy
population is age-adjusted to the Hiroshima series the
rates are 5.7% and 5.6%. The age-adjusted rates for
males become 6.4 % in Nagasaki and 6.9% in Hiroshima,
and for females 5.0 % in Nagasaki and 4.4 % in Hiroshima.
There is no significant difference in any pair of these
figures (Table 2).

Relationship to Radiation Of the 143 cases of cirrhosis
of the liver, 108 were exposed to the atomic bomh, 35 were
not. The precise exposure dose of three people is unknown
and is not included in the statistical tests. The exposed
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TABLE 1 CLASSIFICATION OF CIRRHOSIS IN THE LIFE SPAN STUDY SAMPLE, 1961-67

%1 BEWEMREPOIFELO M, 1961—674

Type Total % Male o Female %

il 1A & it B %
Posthepatitic % F228E .. 61 42.6 39 43.3 22 41.5
Nutritional 3 - S 30 21.0 23 25.6 T 13.2
Obstructive  MH#EME ... 21 14.7 10 11.1 11 20.8
Mixed BER s 15 10.5 10 11.1 5 9.4
Postnecrotic HHIEHRME ... 12 8.4 6 6.7 6 11.3
Congestive #ILTE ... 2 1.4 0 0.0 2 3.8
Pigmentary &34 e 2 1.4 2 2.2 0 0.0
Total &3 143 100.0 90 100.0 53 100.0

TABLE 2 PREVALENCE OF CIRRHOSIS AMONG AUTOPSY CASES IN THE LIFE SPAN STUDY SAMPLE
BY CITY, AGE, AND SEX, 196167

#2 HAGHAENREROLMRECEHITAFEEEHE: W - T - ER, 1961—674F
R Total & it Male 9% Female #&
Classification

o Autopsies Prevalence Autopsies Prevalence  Autopsies Prevalence
il g 431 A il &z () g B e fw HAH

Crude Prevalences Hiroshima (L& 1894 5.6% 958 6.9% 936 4.3%
HmE Nagasaki M 563 66 . 325 7.4 238 5.5
Age-Adjusted Prevalence Hiroshima =5 1894 5.6 958 6.9 936 4.4
AT IE TR o o Nagasaki U 563 5.7 325 6.4 238 5.0
Hiroshima & Nagasaki Total & it 2457 5.8 1283 7.0 1174 4.0
LB & & UF Edf Age <50 246 8.5 129 12.4 117 4.3
ik 5059 266 11.3 128 14.8 138 8.0
60-69 690 6.8 422 6.6 268 71
T0+ 1255 3.6 604 4.5 651 2.8

subjects were classified into four groups by the estimated
dose of ionizing radiation received, 0-9, 1039, 40-179,
and 180+ rad. The expected number of cases of cirrhosis
of the liver, age- and sex- adjusted, is calculated based
upon the assumption that the prevalence of cirrhosis does
not differ with radiation dose. A ratio is then computed
using the observed number of cases as the numerator and
the expected number as the denominator. If there were a
positive relationship to radiation, the observed to expected
ratio would increase with increasing dose. A positive
association between ionizing radiation and cirrhosis of the
liver can be demonstrated at the present time (Table 3).
However, if the cirrhosis is subdivided by city and sex,
a positive relationship is found only in Hiroshima females.
However, it is pointed out that a suggestive association
could be demonstrated in Hiroshima males, and that the
observed to expected ratio in Nagasaki males is in general
in the direction of significance. The small number of cases
(10) in Nagasaki females makes analysis of this group
difficult.

GEhTosv. HRESZTULBREEEORERC
#HTwT, 0—9rad, 10—39rad, 40— 179 rad,
180 rad I ED oD BEICK 5r LA, Ffe - E2FTIEL
NTREZEAE D MARF B, FFREZE O S I 3Rt
EBRZREZVEVIBEEIIETOTEIREL, s 512H%E
HEMBHORZPFELL. bt LEEHRLEOMIAER
MEFFAEL TEAE, Bl MEHokizERon
Mz THEmMF23FTtss. BEDEZA, TEER
Bt EOMICEZAE2NEIED NS (£3).
LAaLl, MHEx#iis LRI #HlS L 2ES, BB
DEDHIIHBELMEFIEDENE, L2ALEYEESE
DOFIREMEEESIED LR, o, BEEORBIZED
AEEEN HEROIE, Futwn, GELFAIZS S
LwiazZ EHEHERL, Bl LIizowTid, HIEA
Dz (1061) Bk FEEETH B .



Analysis of cirrhosis for all exposed individuals showed
suggestive trends, between posthepatitic, nutritional, and
mixed cirrhosis and radiation (Table 4). The relationship
with radiation was statistically significant (.05>P>.01) for
Hiroshima females with nutritional cirrhosis. Suggestive
trends were found also in Hiroshima females with mixed

and obstructive cirrhosis.

The cirrhosis in Hiroshima females did not differ by type
(Table 5) or severity from the other three groups or from
the total of Hiroshima males, Nagasaki males and females.

In the 12 Hiroshima females exposed to more than 40 rad,
there were several types of cirrhosis including 2 cases of
nutritional cirrhosis, 5 posthepatitic, 3 mixed, 1 obstructive,
and 1 other (Table 6).

Though an association can be demonstrated between
Hiroshima female cases and ionizing radiation the small
number of cases makes definitive analysis quite difficult.
If this were cause and effect the type and severity of the
cirrhosis might be nearly identical, but this was clearly
not so. A biologically positive relationship between cir-
rhosis and radiation should be easily discernible also
in Hiroshima males and Nagasaki males and females, as
is seen with leukemia, for instance? This means, therefore,
that other factors such as socioeconomic status are relevant
but are not easily and completely identifiable at the present
time. However, the association in Hiroshima females and

%H?«Lf‘ EHREFIZIOVTIFEE & ST L2 8E, ®BIF
PRI E, ti@l'{-ﬂi@r?’_n.J:de-—Ef?{-ﬁ”HTTi D¢ O
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[ l-i'f *‘E%‘J’-T:HT‘TE&&M%%& DECHEICEE S
Mg .00 >P> 01 )&~ £/, BEOZICE
Wik, atu"“”l@’ib G PP ZEVENTRE 2 & Bgbin & o
MIZEEEA S 3 2 L AR S h s,

REOXIIEFAFEER, O=208, £, LB
DE, BEOBE LT GEERST, HELEOHE
(FES5)HA2VIEIREIIZRLEL -7

40rad Ll Lo AR % 2 32 KBS0 K12 O iz #
HoFRZEFEEAT WA, T4bb 2§ A 5 EENF
%, 5P RIFRIEITFEZE, 3HIAREEMIFSEE, 1
AHEMRTESE, 1A Z20MTH-ok(F£6).
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TABLE 3 PREVALENCE OF CIRRHOSIS BY RADIATION DOSE (T65D), CITY, AND SEX, 1961-67

#3 WHEZEHERE: R4HERE(T6aD) - & - M5, 1961—674E
Classification Total Dose estimated ##iLfiE 5 ( rad ) Test
58 &t 09 10-39  47-179 180+ U“ﬂ;‘”“ AR E
Total Observed %% 8 108 57 19 20 9 3 *
&t Expected 7% # 108 68.1 18.9 11.8 4.9 43
O/E #l5td /MHiF 0.84 1.01 1.69 1.85 0.69
Autopsies HlH4 % 1922 1208 353 219 84 58
Hiroshima Male observed
kS 3] B 52 30 12 6 3 1 Sug
O/E %8/ 1T £ 0.84 1.38 1.18 1.87 0.95
Female observed
i iR B 28 11 5 8 4 ] 4
O/E Bims sy o WIFR 8 0.64 0.80 2.72 3.03 0.00
Nagasaki Male observed
1 iy HoOBEN 18 11 0 3 2 2 NS
Q/E BlE s /M 197 0.00 1.18 1.69 0.73
Female observed
% B M 10 5 2 3 0 0 NS
O/E  BA%E $ -/ MHTF 8 0.86 1.09 2.36 0,00 0.00

**.01>P, Sug-.10>P>.05,

NS-Not significant 58 T 4%



TABLE 4 RELATIONSHIP OF RADIATION AND TYPE OF CIRRHOSIS IN HIROSHIMA FEMALES
AND TOTAL EXPOSED SERIES, HIROSHIMA AND NAGASAKI

#4 HEOABLEUVESLBEOSMEGRE TS
He SR & TR O R & O B R

Type Hiroshima female _Tota! cases

Tl 751 R & Et)
Posthepatitic % AF 14 Not significant 13T % 10 Suggestive RIEH 40
Nutritional 5 # Significant & 5 Suggestive T MEAY 26
Obstruetive [ %1% Suggestive %M 6 Not significant & T & 1 18
Mixed 58 Suggestive 1 1EHY 4 Suggestive MY 12
Postnecrotic i ¥E # 7 Not significant TETZ 1> 1 Not significant 13 T % 9
Other £ @1 . Significant 18 2

Significant # & 3

Significant - .06>P Suggestive Mg - 10>P > 05

TABLE 5 COMPARISON OF TYPE OF CIRRHOSIS IN EXPOSED INDIVIDUALS, HIROSHIMA AND NAGASAKI
#5 WEBRELASNANELOMEOLE, HKEH LU R

City and sex Total Posthepatitic ) Nutritional Obstructive Mixed Postnecrotie Other
B & U &7 e BF % 1% A [ e BE PR 201l

Hiroshima Male 52 B5% 28.8% 15.4 % 9.6% 5.8% 1.9%
jrd.- 1 Female # 28 35.7 17.9 214 14.3 3.6 Tl
Nagasaki Male & 18 44.4 2718 5.6 11.1 11.1 0.0
g Female % 10 20.0 10.0 30.0 10.0 30.0 0.0
Total & it 108 37.0 24.1 16.7 11.1 8.3 2.8

TABLE 6 ANALYSIS OF TYPE OF CIRRHOSIS IN HIROSHIMA FEMALES AND RADIATION DOSE (T65D)
#6 REOKIZEITA2FEEOHE & RaHH RO EF

Dose estimate #f#& #it (rad)

Type HIE
09 10-39 40-179 180+ Total it

Posthepatitic AT %1 ... 5 0 5 0 10

Nutritional  ##E .. 0 3 0 2 5

Obstructive MEE ... 3 2 0 1 6

Mixed BEE . 1 0 3 0 4

Postnecrotic 1 7E% 1E 1 0 0 0 1

Other # @ fi ...... 3 1 0 0 1 2

hntal R Re s M T 11 5 8 4 28
the suggestive relationship in Hiroshima males, as well as CHBEALZNER, EEOBCTEMMEI BRI L
the trends involving three different types of cirrhosis makes ZonTit, 4B S INERESAFLTENETE L
future analysis, as more cases become available, imperative. BiAH S,
Socioeconomic Factors Several parameters were availa- SRENER HEBEORTERAVT, BoAEdRSE

ble to examine the sociceconomic status of people in the

O EEFMIRELEETL 2. B0 EFEAREF R, i
Life Span Study sample. These included the source of

major family income, the occupation of the head of the DEY LRAOTER, WEEOMK, HLUVLHLL
family, and the amount of living space (number of tatami D OEEEE () T, Thil, 1960F0FRBHERE



mats) per person in the home, as compiled from the 1960
Atomic Bomb Survivors Survey. For each of the parameters
the individuals were divided into three or four classes.
Class 1 was the most affluent; Class 3 or 4 the poorest.
No relationship was found between cirrhosis and socio-
economic status (Table 7), though the least number of cases
of cirrhosis are present in the highest sociceconomic
classes.

HEPSBENLLOTHE, TR, HREE2 =40

LU OREHRIZG A, BRl1AARLE» 58T, B
3~4FHREBLOHTH . WEEOHEIL, a8

B HLSVEBRICEVTEL D20,
SRIFRREL DN

BPRE L #
EMRERD S hah ok (£7).

TABLE 7 RELATIONSHIP BETWEEN CIRRHOSIS AND SOCIOECONOMIC STATUS
7 B LA R ARIE & o B

Classification Total Class 1 Class 2 Class 3 Class 4  Unknown Test
] &t i #% 1 i 4% 2 [ &k 3 P Al 4 L] ot i
Type of major income
Fitowd tWAOEE
Cases e 2457 142 391 B66 120 938 NS
Cirrhosis T8 % % 4.8 2.8 4.6 4.5 4.2 55 HETZW
Occupation of head of the family
e 3E o iy %8
Cases o1k ST 2457 92 252 350 132 1631 NS
Cirrhosis T % % 4.8 4.3 3.6 6.3 6.1 4.6 HETHV
Number of mats per person
GENGED DR g
Cases R vvsssianssaniig 2457 228 796 485 - 948 NS
Cirrhosis FFE % % 4.8 2.6 4.5 4.9 55 HETLZW
DISCUSSION Z B

There are good reasons why this autopsy series is very
different from that of a university center or metropolitan
hospital either in Japan or America. Notwithstanding
these differences it is still interesting to compare the results
of a classification of cirrhosis in Hiroshima and Nagasaki
to another study by Gall'® in Cincinnati(Table 8] It would
be expected in a population sample such as that of the
Life Span Study that pigmentary and congestive cirrhosis
would be less frequent than in a university hospital. In this
series 17 of 21 cases of obstructive cirrhosis were secondary
to biliary obstruction by a tumor of the liver, biliary tree,
or pancreas. Our more liberal standards for the diagnosis
of secondary biliary cirrhosis account for a slightly larger
percentage of obstructive cirrhosis than in Cincinnati.
Postnecrotic and mixed cirrhosis were virtually the same
in both series. Posthepatitic cirrhosis has usually been
considered to be the most predominant type in Japan,'!> 12
and indeed we found 10.8 % more posthepatitic cirrhosis in
Hiroshima and Nagasaki than reported in Cincinnati.

It is most surprising, however, that both series contained
practically the same frequency of nutritional cirrhosis,

SEOERFNE B A, RKEZMELT, KEOEFEY -
SPWHBEOZHER, VAVNAZDETRLZ-TIIV3
A, ESHEETEEE Gall® |2 k3 Cincinnati (28115
M EOG SR A e L TAL T LT HEE N (£8).
FaHENREOL ) SMELMIZ VTR, KEHRE
OBEED S, EBEEIFET & & OO TFEE o e
BEWETFEs RS, SEOHFHEBIPIZED 5 h 7= 21
OFEIEIFEZE O 9 5 170E, KT, B S, 72130
fEOEE I LAMEOBMO b IIRELALOTH -
Pz b Auh R AT AL E T A 0 BRI 1 o A Bk
i, FOKELTH o, BN EL O EE L,
Cincinnati O & L0 b hI2&Eh o /. f?&ﬂ’ﬁff{i BT
EHETERGTIFEE L, MMERE LIZIESE Lok,
BAF ST A L, Wim, H 7I§\_i'>‘b\'(iﬁ‘ ZEilE &
BAoNTEEN," EAHEIECTE, EERF LUV
Bl iz 45 1+ B RAT AL FF #2612, Cincinnati D4 &9
10.8% £ & - 7=,

SEWICESA I L, MEEBCIE T AERETFEED
HEL, KB L UEWT2.0%, Cincinnati T23.6%



TABLE 8 COMPARISON OF TYPE OF CIRRHOSIS IN HIROSHIMA AND NAGASAKI AND CINCINNATI

#8 LEBHLUENL Cincinnati 12311 5§ 28 0 3 5 0 Mg
T Hiroshima & Nagasa.ki
B 4 & UF B Cincinnati (Gall)
Type (Schreiber et al)
fill 16
Casgs o Cases 9%
17l ¥ 11l 4
Posthepatitic  # I7 %: 4% 61 42.6 PRl 31.8
Nutritional — ## & . 30 21.0 161 23.6
Mixed BEE oo, 15 10.5 86 12.6
Postnecrotic BEFERIE ... 12 8.4 69 10.1
Obstructive FEME . ... 21 14,7 71 10.4
Other @l .covvveeie s 4 2.8 78 11.5
Total & it 143 100.0 682 100.0

21.0% in Hiroshima and Nagasaki and 23.6 % in Cincinnati.
This type of cirrhosis has previously been considered rare
in Japan. Shikata'' found 10.7% nutritional cirrhosis in
his analysis of 130 cases; Mori'® found 2.3% in 124 cases.
Both were performed at university hospitals in Tokyo using
Gall's criteria. The lower percentage of nutritional cirrhosis
in these two series can be partially explained by differences
in the type and sex distribution of the patients, as well as
interobserver variation in the application of Gall's criteria.

Diagnostic and environmental factors suggest explanations
for the relatively high percentage of nutritional cirrhosis
in our study. The diagnosis of nutritional cirrhosis is not
particularly difficult as compared to the other types.
Excess amounts of fat are one of the most easily identi-
fiable factors in nutritional cirrhosis. Of the 30 cases 50 %
had 2-3+ fat on a 0-3+ basis. Others have found hepatomas
and nutritional cirrhosis to be less frequently related !% 1% 13
We found a similar relationship in another study.'*

Most importantly though an association between alcohol
and nutritional cirrhosis is well established. The con-
sumption of several types of alcoholic beverages is
increasing rapidly in Japan, in accordance with Japan's
new found affluence. Japanese National Tax Office statistics
reveal that during 1960-66 the consumption of beer
increased 230 %, and that of sake, the traditional Japanese
rice wine, rose 180 % in the same period. Figures are not
available for whiskey but would likely show a similar rise.
Of our cases of nutritional cirrhosis 76.7% were in males.
Harada found that 104 males with cirrhosis from a low
socioeconomic class in Tokyo, 84.6% were alcoholics.!®
Ueda also believes that cirrhosis related in part to alcohol
is not rare in Japan since he noted that 36.8% of his
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cirrhotic patients could be classified as moderately heavy
drinkers of sake!® The general increase in the con-
sumption of alcohol in Japan implies a relationship to the
higher incidence of nutritional cirrhosis in this study
though we do not have specific information about the
amount of alcohol consumed by the 30 patients with

nutritional cirrhosis.

SUMMARY

The prevalence of cirrhosis of the liver was 5.8% in
The
demonstration of a positive association between Hiroshima
females and ionizing radiation does not imply necessarily
that radiation produced the cirrhosis. The unusually high
percentage of nutritional cirrhosis for Japan in this study
is discussed in relation to the increasing consumption of
alcohol.

Hiroshima and Nagasaki in an autopsy series.
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