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PREFACE

This report, one of a series of comparable broad
analyses, presents a segment of data from a
continuing binational epidemiologic investigation.
The research protocol was jointly authorized under
agreements signed by the Directors of Japanese
National Institute of Health(JNIH)and Atomic Bomb
Casualty Commission (ABCC). The research plan,
text of the agreement between JNIH and ABCC
and texts of agreements bhetween ABCC and
cooperating organizations in Hiroshima and Nagasaki
are presented in bilingual Technical Report 12-62.

Presentation of these periodic analyses of data
from the ABCC-JNIH long term studies is possible
only through the continuing cooperative research
efforts which involved many former as well as
current professional staff members. The authors
of this report were responsible for the present
analysis and interpretation, as well as for the text.

Bilingual presentation was authorized on the basis
of review by the Japanese and American professional
staff of ABCC; and by the Kyogikai jointly appointed
by Dr. Keizo Nakamura, Director of JNIH and
Dr. George B. Darling, Director of ABCC.
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ABCC-JNIH PATHOLOGY STUDIES

HIROSHIMA AND NAGASAKI

ABCC - T & E¥afE & LB, B &

REPORT 1
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OCTOBER 1950 - SEPTEMBER 1962
1950F108 - 1962%F9A

BACKGROUND

Following the atomic bombings of Hiroshima and
Nagasaki in 1945, the attention of medical investi-
gators, Japanese and foreign, was focussed
primarily upon the early radiation effects and
the clinical and pathologic findings have been
documented.! Studies by Japanese investigators of
the acute effects of radiation in survivors passed
imperceptibly as time passed, into studies of late
effects. Meanwhile, in 1948, in response to an
executive order by President Truman, the United
States National Academy of Sciences established
the Atomic Bomb Casualty Commission (ABCC) in
cooperation with the Japanese National Institute of
Health (JNIH) of the Ministry of Health and Welfare
and with financial support from the United States
Atomic Energy Commission. The Department of
Pathology was one of the first(1948)to be organized
at ABCC and the earliest autopsy records date
from that year.

During 1948 to 1959, 2450 autopsies were
performed on ‘exposed’ and ‘nonexposed’ persons
in Hiroshima and Nagasaki. Because of the great
difficulty encountered in obtaining permission to
perform autopsies, it was necessary to honor all
requests so as to establish good working relations
within these communities. Interest at that time
was centered principally upon those patients who
reported radiation symptoms, who had been nearest
the hypocenter, or, who had developed leukemia or
some other malignancy and the autopsy series
contained a preponderance of such cases.
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With the realization that specific findings pathog-
nomonic of late radiation effects were unlikely to
be found and that the effects of ionizing radiation
were instead to be sought as increased incidence
of familiar diseases, it became evident that the
process of observation must be subjected to a
degree of statistical control that had not been
possible at the beginning of the ABCC program.
Accordingly, in 1955, at the request of the
National Academy of Sciences, a committee under
the chairmanship of Dr. T. E. Francis reviewed
the problems and formulated the Unified Study Plan
which would combine clinical, pathologic and vital
statistics investigations into well-controlled and
mutually supporting studies.

Briefly, the plan envisaged a sample of 100,000
persons in both cities, comprising survivors who
had received large doses of radiation, others who
had been in the cities at the time of the bombings
but who had suffered little or no irradiation and
a further comparison group who had not been in
the cities but subsequently immigrated. This sample
has now been constructed, and serves as the basis
for the JNIH-ABCC Life Span Study,? a study of
mortality which rests on the Japanese vital statis-
tics reporting system. A subsample numbering
20,000 of the Life Span Study sample is the basis
for the ABCC-JNIH Adult Health Study,® a program
of clinical investigation involving complete physical
examination at 2-year intervals.

The third major element of the unified plan, the

present pathology program' was instituted as a joint
study in 1962, among ABCC, JNIH, Hiroshima
and Nagasaki City Medical Associations, Departments

- of Pathology of Hiroshima and Nagasaki University

Medical Schools, the Hiroshima Red Cross Hospital,
Atomic Bomb Hospitals of both cities and Hiroshima
University Research Institute for Nuclear Medicine
and Biology. Its purpose is to endow the autopsy
program with the high degree of statistical
control characterizing the Life Span and Adult
Health studies. Although the new procurement
program has been in effect for only 2 years, 675 of
1215 study cases were autopsied during this period
in contrast to 540 during the previous 10-year
period. A study of the autopsy series (1215 cases)
was made at this time in order to:
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Determine how adequately the more recent cases
meet the expectations in respect to age, sex,
city, and distance from the hypocenter, and to
determine whether any of the original bias still
exists and if so, to what extent;

Ascertain the degree of correlation between
death certificate diagnoses and the autopsy
anatomic diagnoses;

Determine what effect, if any, the degree of
exposure to radiation may have had upon
different disease groups, with special emphasis
on various malignant tumors.

THE AUTOPSY SERIES
Introduction

The current ABCC-JNIH Pathology studies® are
focussed on autopsies in the sample for the Life
Span Study (Table 1).*> This study, based on a
sample of 100,000 persons in Hiroshima and
Nagasaki provides a useful basis for autopsy
procurement because not only are various epidemi-
ological characteristics of the sample well known,
but also, through the Life Span Study, information
is received about almost all deaths. Thus the
factors influencing selection for autopsy, which in
most autopsy series are matters of more or less
well-informed speculation, are objectively analyzed
here. Unfortunately, analyses of selection in the
ABCC-JNIH autopsy series will not generally
apply to other autopsy series. The objectives
of the program, the very special circumstances that
obtain in Hiroshima and Nagasaki and the unique
(so far as is known) procurement program, alike
guarantee the uniqueness of the result. Still,
opportunities to analyze selective aspects of autopsy
series are so rare that despite its special character
information regarding the ABCC-JNIH series will
be of some general interest.

An important objective for the analysis of autopsy
selection is to determine how the series may be
used in the epidemiologic investigations that are
its primary purpose. If autopsies are performed
mainly on persons who die in hospital, who are
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TABLE 1 JNIH-ABCC LIFE SPAN STUDY SAMPLE BY CITY, SEX, AGE AT TIME OF BOMB, AND
DISTANCE FROM HYPOCENTER

£1 TF#f-ABCCHGMAE AL, BEIMIFERD - 155 - 450 - B0 A» 5 O MHRES
Total Distance filf m
Age Male + Female Male % Fomale 4
tﬁﬁ %'k"*' T. %, g Fog = =
&1 otal : } Not in City Total Not in City
i 0-1999 2000-249% 2500+ BT i 0-1999  2000-2499 2500+ N e
Hiroshima L8
Total 74352 30697 BB36 4773 8794 8294 43655 12503 6748 12474 11930
0-19 28203 13269 3694 2216 3672 3687 14934 4218 2321 4197 4198
20.39 21213 6219 1799 8219 1784 1817 14994 4258 2199 4253 4284
40-59 19908 9104 2701 1346 2700 2357 10804 3217 1710 3205 2672
60 + 5028 2105 642 Jaz2 638 433 2923 B10 518 819 776
Nagasaki &8
Total it 25037 11007 3059 2053 3025 2870 14030 3744 3089 3717 3480
0-19 12509 5737 1538 1268 1506 1425 6772 1877 1347 18563 1695
20-39 6359 2191 661 217 654 659 4168 1110 836 1112 1110
40.59 5139 2664 756 458 759 691 2475 606 728 602 539
60 + 1030 415 104 110 106 95 615 151 178 150 136
Hirgshima + Nagasaki . g +£5
Total it 99389 41704 11895 6826 11819 11164 57685 16247 9837 16191 15410
019 40712 19006 5232 3484 5178 5112 21706 6095 3668 6050 5893
2039 27572 8410 2460 1036 2438 2476 19162 5368 3035 5365 5394
40-59 25047 11768 3457 1804 3459 3048 13279 3823 2438 3807 3211
60 + G058 2520 746 502 744 528 3538 961 696 969 912

‘thought to have malignant neoplasms, who are
known to have been heavily irradiated, results will
hardly be susceptible of wide generalization. A
precondition of epidemiologic analysis, therefore,
is careful examination of the epidemiologic charac-
teristics of the autopsy series.

The New Autopsy Procurement Plan

Previous studies revealed strong evidence of
selection®® in the ABCC autopsy series for the

years prior to 1960. The new procurement
program was in part stimulated by the findings of
these studies.

Until early 1961, autopsies were performed
primarily on referrals from city physicians and
local hospitals. These tended to be cases that
coincided with ABCC's interest, resulting in a
concentration on deaths due to leukemia and other
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malignant neoplasms. ABCC exerted no systematic
effort and conducted almost no community activities
toward the specific task of procuring autopsies
from the general population.

Beginning January 1961, the pathology program
shifted to a new concept of obtaining as many
autopsies as possible within a fixed population
sample. The procurement effort was thus concen-
trated on the remaining members of the Life Span
Study sample-approximately 60,000 persons in
Hiroshima and 20,000 in Nagasaki. The formidable
task was the prompt screening out of approximately
750 deaths which would occur in the Life Span
Study sample out of the estimated 3200 deaths
per year in Hiroshima City, and 240 deaths out of
2300 in Nagasaki; and then to obtain permission
to perform autopsy.

The new procurement program consisted of three
stages:

The systematic coverage of both cities to gather
information on recent deaths;

The immediate screening of this death infor-
mation to determine status within the Life Span
Study sample;

For those deceased in the sample, the negoti-
ation with families and others concerned to
gain permission for autopsies.

Hiroshima and Nagasaki were each divided into
4 major areas. Within each area a notification
contactor, twice a day, 7 days a week, visits the
larger hospitals, city registration offices, funeral
companies, and crematories. Information on current
mortality is also received directly from local
physicians, welfare counsellors, social welfare
agencies, and police surgeons. Information so
gathered is immediately checked and when the
deceased is identified as a member of the study
sample, a medical case worker seeks permission
for an autopsy. The attending physician is usually
consulted prior to approaching the family. In the
midst of grief, this aspect of the procurement
program is most delicate and critical.
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The Effect of the New Procurement Plan

The present analysis covers 1215 autopsies
performed October 1950 - September 1962 for
both Hiroshima and Nagasaki. In Nagasaki 3
autopsy protocols were not available in time for
inclusion. During the same time there were 11,151
deaths in the Life Span Study sample, so the over-
all autopsy rate was 10.9%. Table 2 shows that
autopsy rates were low during 1951-55, rose
somewhat in 1956-60, but began to increase
conspicuously only in 1961 and 1962 with the
inauguration of the new autopsy procurement
plan. During October 1950 - September 1960, when
rates were low, the Nagasaki rates were at least
as high as Hiroshima, and rates in males exceeded
those in females. However, the new procurement
program has apparently been more effective in
Hiroshima than in Nagasaki: The rates in Hiroshima
are higher than in Nagasaki, especially in 1962,
and the difference between sexes disappeared by
1961 in Hiroshima. In Nagasaki, although rates
did go up markedly, they rose more sharply for
males than for females and in 1962, the Nagasaki
rate for males was 85 % of the Hiroshima rate, but
for females was only 64 % of the Hiroshima rate.

The Relation between Comparison Groups and
Autopsy Rates

Through September 1960, autopsy procurement
among those who did not experience the bombings
was very low, even when compared with the low
rates in the survivors (Table 3). Especially in
Hiroshima, primary emphasis was placed on
survivors located 0-1999m, and secondarily,
autopsies were sought in survivors at greater
distances. With the inauguration of the present
procurement policy, autopsy rates rose in all
categories of the sample. Comparing 1961-62 with
1951-60, in Hiroshima among those located 0-1999 m,
the procurement rate increased by a factor of 5.3;
while for survivors 2000+ m the factor of increase
was 6.8 and for the group not in the city, 10.2.
For Nagasaki, the factors of increase were 4.1,
5.2, and 3.7. In Hiroshima, the large difference
in procurement rates between groups was con-
siderably narrowed in 1961-62; in Nagasaki, the
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TABLE 2 DEATHS AND AUTOPSIES IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE
BY SEX, YEAR, AND CITY

#2 TH—ABCCHGHEEARIIHSIECHK L SIHRY, &5 - FEH - FBHH

Hiroshima K5 Nagasaki E&
?:fr E De‘uhs Autopsies =i Deaths Autopsies 3 &
FECAN Number £ % Hi-#%  Number %
Male %
Total 3t 4465 510 11.4 1352 155 11.5
1951-55 1670 72 4.3 547 24 4.4
1956-60 2024 166 8.2 587 58 9.9
1961 382 100 26.2 109 32 29.4
1962 389 172 44.2 109 41 37.6
Female %
Total it 4107 434 10.6 1227 116 9.5
1951-55 1423 48 3.4 513 17 3.3
1956-60 1927 107 5.6 521 48 8.2
1961 383 112 . 292 92 22 23.9
1962 374 167 44.7 101 29 28.7
+ Years are from October through Se ber, and are desi | by the calendar vear in which they end.

BERUWAELIEFINETTIORERET TIEFEELTROLA.

TABLE 3 DEATHS AND AUTOPSIES IN THE INTH-ABCC LIFE SPAN STUDY SAMPLE BY YEAR,
DISTANCE FROM HYPOCENTER, AND CITY

%3 TH ABCCHEGEABRACSUIIRCEH AR, FEH - BLHA5 50 ERER - M5

Hiroshima 8 Nagasali 288
Distance 2 m Deaths Autopsies 3 Deaths Autopsies B
£ Number % % SECES Number % %
1951-55

Total & 3093 120 3.9 1060 41 3.9

0-1999 1008 56 5.6 285 14 4.9

2000+ 1619 58 3.6 543 16 2.9

Not in City N E 466 6 1.3 232 11 4.7

1956-60

Total #t 3951 273 6.9 1108 106 9.6

0-1999 1153 127 11.0 “288 36 12,5

2000+ 1809 109 6.0 556 47 8.5

Not in City i N4 989 37 3.7 264 23 8.7

1961

Total 765 212 21.7 201 54 26.9

0-1999 233 81 34.8 47 14 20.8

2000+ 338 90 26.6 107 29 27.1
Not in City i3 F & 194 41 21.1 47 11 23.4

1962

Total 3t 763 339 4.4 210 70 33.3

0-1999 230 127 55.2 66 26 394

2000+ 336 133 39.6 104 33 31.7

Not in City diFaHE 197 79 40.1 40 11 275




increase in procurement rates affected all groups
about equally. However, the initial discrepancy
was so much larger in Hiroshima that even in
1961-62, discrepancies between group rates are
greater in Hiroshima than Nagasaki. If, in each
city, the procurement rate in survivors 0-1999m
is taken as 100, the rates in the other 2 groups
are, in Hiroshima 74 and 68, and in Nagasaki,
83 and 71.

The comparison group which did not experience
the bombing also tends to have lower rates for
examinations within the ABCC-JNIH Adult Health
Study. Through sincere and skillful discussions,
families of deceased who were survivors 0-1999m
seem more ready to relate themselves to ABCC
programs. Discussions with such families can
evolve a sense of participation and also responsi-
bility with the medical mission. Conversely, the
families of those who did not experience the
bombing find it difficult in spite of lengthy expla-
nations, to understand the necessity of cooperafi;g
with ABCC.

Sample Classification and Autopsy Rates

About 20,000 of the 100,000 persons in the Life
Span Study sample are included also in the sample
for the ABCC-JNIH Adult Health Study. For
persons in this subsample autopsies will be particu-
larly valuable because of the possibility of correlat-
ing pathologic findings with records of careful
clinical examinations taken at intervals of approxi-
mately 2 vears. Previous contacts between ABCC
and the patients might facilitate autopsy procurement
among the members of the Adult Health Study
subsample. By inference from Table 4 this seems
to be true. Procurement rates are higher among
members of the Adult Health Study even for the
period 1951-55, although the Adult Health Study
was not begun until 1958. The explanation for
this may be the very considerable overlap between
the Adult Health Study sample and samples for
earlier clinical studies at ABCC, and presumably,
contact through these earlier studies would be as
effective as contact through the Adult Health
Study in facilitating autopsy procurement.
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TABLE 4 DEATHS AND AUTOPSIES IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE
BY YEAR, SAMPLE CLASSIFICATION, AND CITY

#4 TH-ABCCRGMEEAR IS 1T 3T HR L HIKRE, EEH - BEAS MBI - FHH

Hiroshima LB Nagasaki [
Sample Classification B Autopsies  &ij# Autopsies #il ¥
" ths
nxon FEC#%  Number % % FCEB  Number % %
1951-35

Adult Health Study

EAMENESRE. ... 521 34 6.5 197 17 8.6
Not Adult Health Stody

RAREAEILSAOE ..o 2572 86 3.3 863 24 28

1956-60

Adult Health Study

EAREREHRE....o e 642 65 10.1 191 18 9.4
Not Adult Health Study

EARERXUADOR...ovvcvivane 3309 208 6.3 917 88 9.6

1961

Adult Health Study

HMARENTHRE e 151 48 31.8 46 14 30.4
Not Adult Health Study

EARERENIADE e 614 164 26.7 155 40 25.8

1962

Adult Health Study

HARENEHRE ..o 128 72 56.2 29 10 34.5
Not Adult Health Study

HAMEMELSADE ..cvneee 635 267 42.0 181 60 331

TABLE 5 DEATHS AND AUTOPSIES IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE
BY DISTANCE FROM HYPOCENTER, SAMPLE CLASSIFICATION AND CITY

o~ ABCC i AL 51 2FECHE L BRE, RO 5 0 IRRER) « BEAS R - i

Hiroshima [55 Nagasaki J& i
Sample Classification Basila Autopsies i # Deaths Autopsies il F
LERET FELEH  Number % % FECH Number #t %

0-1999 m

Adult Health Study

A G TEA RR 754 150 19.9 243 37 15.2

Not Adult Health Study

WMARENELLADE e 1870 211 12.9 443 53 12.0
2000 + m

Adult Health Study

RAREMNELRE ... 378 36 9.5 118 8 6.8

Not Adult Health Study

mAREMELSNOR 3724 354 9.5 1192 117 9.8

Not in City HHF#&E

Adult Health Study

BARERENRE ... 310 33 10.6 102 14 13.7

Not Adult Health Study

RARENEUNOE ... 1536 130 8.5 481 42 8.7




In 1962, the discrepancy between those included
in the Adult Health Study and others was much
greater in Hiroshima than in Nagasaki. No explana-
tion for this difference is apparent.

Table 5 shows that the better results among
members of the Adult Health Study subsample
obtained for survivors 0-1999 m and for those who
did not experience the bombings. However, among
survivors 2000+ m, this was not true.
reason is apparent.

Again, no

Cause of Death and Autopsy Rates

The relation between ionizing radiation and
subsequent neoplasia, particularly leukemia, has
been of intense interest so it is not surprising that
autopsies are particularly numerous among persons
who were thought clinically to have died of a
malignaney (Table 6). The interest of the investi-
gators and the popular belief that malignancy”is
peculiarly an A-bomb disease (this concept was, at
one time, embodied in the Atomic Bomb Survivors
Medical Treatment .aw) conspired to increase the
likelihood of an autopsy in a survivor who had, or
was thought to have had a malignant neoplasm.

In leukemia, these phenomena operated to such
extent that autopsy rates for this disease have
been very high from the inception of the program.
The autopsy series for 1951-62 contains 48 % of
the 66 Hiroshima deaths assigned to leukemia and
45 % of the 20 Nagasaki deaths assigned to leukemia
among members of the Life Span Study sample.

Autopsy rates were somewhat high, also, for
deaths attributed to malignancies other than
leukemia. Even in 1961-62, the rates for other
malignancies exceed those for persons thought not
to have had a malignancy, but the differences are
not excessively great. For 1951-60, however, on
the average, malignancies are almost twice as
heavily represented in the autopsy series as other
causes of death - in Hiroshima 8.8% to 4.5%, and
in Nagasaki 11.7% to 5.8%.

No important general tendency, either positive
or negative, is apparent for deaths attributed to
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TABLE 6 DEATHS AND AUTOPSIES IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE
BY YEAR, DEATH CERTIFICATE UNDERLYING CAUSE OF DEATH, AND CITY

£6 TH-ABCCHGEEEA LU IRCERLIBER, FEY - RUZHS LoREERRN - HdiM

Hiroshima 1L £ Nagasaki £ 8%
De;ith!:%r;i;uu Deatlis Autopsies &% Deaths Autopsies 28
L H Number % B EX Number %

Leukemia 1951-56

1 1f 85 28 11 39.3 9 3 33.3
Other Malignant Neophsms

FohnEEFEN.. o 492 36 7.3 115 8 7.0
Vascular Lesions Affecting Central

Nervous System
SEBMEZORTHN ...coeeee 570 17 30 152 -
Circulatory System Disease

BRGFRE 270 10 3.7 104 6 5.8
Trauma

M ... . 226 3 1.4 7 2 2.8
All Other

B Ol wrreescosesonsssssensssmmssssssssssssnsmmmness 1507 43 2.9 609 22 3.6
Leukemia 1956-6¢

£ i 95 3 18 58.1 9 4 44.4
Other Malignant Neoplam

FnEnEEFEN.. e RO 677 67 9.9 149 23 15.4
Vascular Lesions .Miecuug Central

Nervous System

E TR T S 6 2 || — 842 ir 3.7 215 9 4.2
Circulatory System Disease

MRERIE s 476 25 5:3 112 10 8.9
Trauma

FEB e e s 275 8 2.9 75 1 1.3
All Other

ok 1650 124 7.5 548 59 10.8
Leukemia 1961

(8F E ] 3 1 33.3 -

Other Malignant Neop!ms

FOROEETESN . Sevpissssizs 161 52 323 40 19 475
Vascular Lesions ,Miecung Central

Nervous System

BHSEZOMTHAM.....cceen 165 44 26.7 a7 6 16.2
Circulatory System Disease

WEBRIER, | e 88 22 25.0 27 7 25.9
Trauma

it ...... 40 6 15.0 8 . -
All Other

TNk 308 87 28.2 89 22 24.7
Leukemia 1962

=¥-E 4 2 50.0 2 2 100.0
Other Malignant Neoplms

TooEENES.. gt 147 7 52.4 30 16 53.3
Vascular Lesions Affactmg Central

Nervous System

FHRAEFOMEHR ..o 171 80 46.8 49 14 28.6
Circulatory System Disease

WRBRER s 89 34 38.2 32 10 31.2
Trauma

s 41 12 29.3 8 2 25.0
All Other

fnh 31 134 431 89 26 29.2

1



vascular lesions of the central nervous system or
circulatory system disease. However, deaths due
to trauma are seriously under-represented in the
autopsy series, and this phenomenon persists into
1961-62. From many points of view, deaths due
to trauma are the most valuable for epidemiologic
purpose, and the deficit in these cases is regrettable
although probably inevitable under present circum-
stances. In cases of suicides, murders, or poisoning,
the police officials may not release the cadaver.
Often several days pass from the time of death to
discovery. Intraffic accidents, the corpse may be
so mutilated as to preclude autopsy. Furthermore,
unlike deaths from natural causes, the sudden
death of a family member creates great emotional
shock and stresses within the family which makes
contacting extremely difficult, if not impossible.

Age at Death and Autopsy Rates

During 1951-60 there was little success in
obtaining autopsies on persons over 70 years at
death, and older persons are very seriously
under-represented in the autopsy series (Table 7).
Under the new procurement plan, in 1961-62, in

|
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TABLE 7 DEATHS AND AUTOPSIES IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE
BY YEAR, AGE AT DEATH AND CITY

#7

THf —ABCCHMREMAICH T 2FECHEM L HIME, FHER - FECHEERR - &R

Hiroshima 1f £

Nagasaki &

Age at Death Autopsies | # Autopsies | Fi
BE (0% 0F. i Deaths Deaths
FEC . Number # % JEEH# Number # %
1951-55
<50 753 37 4.9 342 19 5.6
50-69 1351 57 4.2 447 19 4.3
70+ 989 26 2.6 271 3 1.1
1956-60
<50 574 59 10.3 247 36 14.6
50-69 1627 144 8.9 485 52 10.7
70+ 1750 70 4.0 376 18 4.8
1961
<50 85 21 24.7 35 11 314
50-69 317 107 33.8 84 25 29.8
70+ 363 84 23.1 B2 18 22.0
1962
50 78 28 35.9 34 13 38.2
50-69 286 126 4.1 90 37 41.1
70+ 399 185 46.4 86 20 23.3
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Hiroshima, selection against autopsies on aged
persons has disappeared. This tendency does
persist in Nagasaki, though at a much reduced
level. The discrepancy in autopsy rates between
the cities would almost vanish if the Nagasaki rate
in persons over 70 years were to be brought up
to the Hiroshima level. There is little intercity
difference among persons under 70 years at death.

Place of Death and Autopsy Rates

For 1951-60, procurement rates for male deaths
in hospital exceeded those for deaths at home by
a factor of about 3 in Hiroshima and more than 6
in Nagasaki, while for females the discrepancies
were even larger in both cities (Table 8). But in
1960-61, in Hiroshima, the procurement rates for
hospital and home deaths were nearly equalized
by the new procurement program. In Nagasaki,
however, although the difference has been pro-

portionately reduced, there is still a wide dis- .

crepancy in rates between those who die in hospital
and at home. For hospital deaths, for the 2 years
and both sexes combined, the Nagasaki autopsy
rate exceeds that in Hiroshima: 49.6% vs 41.5%.
However, for deaths at home, the discrepancy is
in the opposite direction, and is very large: Only
22.7% in Nagasaki vs 34.6 % in Hiroshima.

Permission for autopsy seems easier to obtain in
the hospital environment than in the homes. Usually
the hospital physician gives support. Only a few
members of the immediate family of the deceased
are involved in discussions at hospitals. Experience
shows that the larger the family and relative group
that congregates, the more difficult to obtain
consent. A refusal from one distant cousin can
upset the entire situation. In hospitals, death
usually involves some major illness which gives
the case worker clear reasons for encouraging

autopsy.

In Nagasaki the familial group, which usually
includes the extended relative group is much larger
than in Hiroshima. Such a gathering continuously
accompanies the body from the funeral procedures
through to the cremation or burial which makes
request for autopsy very difficult.
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TABLE 8 DEATHS AND AUTOPSIES IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE
BY SEX. YEAR, PLACE OF DEATH, AND CITY

#8 T ABCC A @il A 2 517 2 FEC# M & Bk, MR - SEIERI - FEC o BN - R

Hiroshima 5 & Nagasaki £ 15
z Aol
Y.ep;:r Piaci of Death Deaths Autopsies (] #: Deaths utopsies | f
i T D 8 i HC#H  Number # % FEC %2 Number %
Male 2
1951-55 Hospital #FE ........... 242 24 9.9 66 12 18.2
Home HSE........ 1271 46 3.6 413 11 2.7
Other + Unknown 157 2 L3 68 1 1.5
TORBIUTHY
1956-60 Haospital e 434 76 115 111 33 29.7
Home 1405 77 5.5 403 23 5.7
Other + Unknown
FOMELEUVEAW ... 185 13 7.0 73 2 2.7
1961 Hospital #F% ..., 104 L= 3 29.8 34 14 41.2
Home B8 248 59 23.8 63 15 23.8
Other + Unknown
FOE L UTRH ... 30 10 333 12 3 25.0
1962 Hospital Hkk.............. 117 57 48.7 36 24 66.7
Home HE. ... 244 106 43.4 62 15 24.2
Other + Unknown
TORELUTN...... 28 9 321 11 2 18.2
Female %=
1951-55 Hospital &% _........... 177 17 9.8 41 T 17.1
Home BE.ee 1151 30 2.6 415 8 1.9
Other + Unknown
fTOMhE L UTH ... 95 1 1.1 57 2 3.5
1956-60 Hospital #iF% .. 351 55 157 78 28 35.9
Home 1423 50 3.5 402 16 4.0
Other + Unknown
FOHE L UTM...... 153 2 1.3 41 4 9.8
1961 96 36 315 18 9 50.0
264 72 27.3 67 12 17.9
Other + Unknown
foebFlUTH .. 23 4 174 7 1 14.3
1962 Hospital &%k%.............. 107 52 48.6 31 12 38.7
Home B ... 238 107 45.0 63 16 25.4
Other + Unknown
ITDEICFY ... 29 8 27.6 7 | 14.3
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The New Autopsy Series

Autopsies procured 1951-60, even among members
of the Life Span Study sample, are so heavily
selected in relation to basic factors such as distance
from the hypocenter, age, cause of death, and
place of death as to be of questionable value for
general epidemiologic investigation. Such autopsies
may be important for study of disease processes
and the like but their only epidemiologic utility
would appear to be in relation to occult lesions
not correlated with overt disease, if indeed there
be such.

The new procurement plan under the protocol for
ABCC-JNIH Pathology Studies was undertaken in
recognition of the need to improve procurement
dramatically and a very considerable measure of
success has been achieved. Table 9 presents a
summary of the new series in relation to the factors
studied. Difficulties have not entirely disappeared,
but many of the selective features have been elimi-

nated or reduced remarkably in Hiroshima. Nagasaki ~

has shown great improvement, but more selection
remains.

The data presented in Table 9 indicate those
areas for which the procurement program most
- needs improvement:

In both cities, for survivors 2000+ m and for
persons who did not experience the bombing;

In both cities for traumatic deaths and, in
Nagasaki for all deaths not thought to be due
to malignant neoplasms;

In both cities for deaths under age 40 (the deficit
here probably is another manifestation of the
loss of deaths due to trauma) and in Nagasaki
for deaths at age 70 and over;

Finally, the Nagasaki series seems especially
weak with regard to persons who do not die in
hospitals. This perhaps accounts for the deficiency

of deaths due to trauma, deaths among the most
elderly part of the population, and deaths
in females.
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The period 1961-62 accounts for 675 autopsies 1961 - 62fE 1z & 1+ A HIeEE, 2B s 35
out of 1215 in the whole series, or 56 %. The new Bl H12150F D 675 (F, ¥ 2 H B56% 5 ED 5. ¥
program appears to be working reasonably well, atEiED & D E LINECHEShTVWE L3 ThH
and it may be hoped that it will continue to improve. T, GHlamEPENUELMIFLAIL0LSA 5.

TABLE 9 DEATHS AND AUTOPSIES IN THE INIH-ABCC LIFE SPAN STUDY SAMPLE 1961-62
BY CATEGORY AND CITY

#9 TH-ABCCHGHEEARCHI IRCHEH MR, &7H0 - #ii%1961 - 62 E

Hiroshima & Nagasaki 2%
C;W!‘;T Haiks Autopsies 3 Deilin Autopsies FHE
FECER Number % % FEC AW Number E %
Sex &
Male % Tl 272 35.3 218 73 33.5
Fomale T i 757 279 36.9 193 51 26.4
Distance 8 m
0-1999 463 208 44.9 113 40 35.4
2000 + 674 223 33.1 211 62 29.4
Not in City TWNFE . . 391 120 30.7 87 22 25.3
Death Certificate Underlying Cause ECEESLOERR

Leukemia
=8 7 3 42.9 2 z 100.0
Other Malignant Neoplasms
TOROBERED e 308 129 41.9 70 35 50.0

Vascular Lesions Affecting Central
Nervous System

PRMERONTHE 336 124 36.9 86 20 23.3
Circulatory System Disease
MBI, ....coocsimmmrrasnmmisinsssase 177 56 31.6 59 17 28.8
Trauma
FE: M iR 81 18 22.2 16 2 12.5
All Other
£ it 619 221 35.7 178 48 27.0
Age at Death TETCH £k
€40 i 94 21 22,3 43 14 32.6
L e 69 28 40.6 26 10 38.5
L T 197 74 37.6 70 20 28.6
G0-69 ...... 406 159 39,2 104 42 40.4
464 163 35.1 110 29 26.4
298 106 35.6 58 9 15.5
Place of Death T 0@k
Male 2
Hospital 4 52 = 221 88 39.8 70 38 54.3
Home 492 165 335 125 30 24.0
Other + Unknown
FOME FAM ..eerrrcsresssnssnsnen 58 19 328 23 5 21.7
Female %
Hospital MEBE ....ooooriossssresssssiosss 203 88 43.3 49 21 42.9
Home B s 502 179 35.7 130 28 21.5
Other + Unknown
R B S 1 52 12 23.1 14 2 14.3
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THE ACCURACY OF DEATH CERTIFICATE
STATEMENT OF UNDERLYING CAUSE OF
DEATH

Introduction

In the JNIH-ABCC Life Span Study® the death
certificate statement of the underlying cause of
death is used as a primary means of classification
in the search for evidence of late radiation effects
among the survivors of the Hiroshima and Nagasaki
atomic bombs. Such use is made with full knowledge
that the death certificate statement is not necess-
arily ‘accurate’ as to cause of death. Stone and
Anderson compared death certificate and autopsy
diagnoses at ABCC Hiroshima®™ and found that for
certain causes, notably leukemia and other malignant
neoplasms, the death certificate statement was
reasonably accurate. The present study will
supplement the work of Stone and Anderson in a
variety of ways:

The 1960-62 autopsies are included;

The Hiroshima and Nagasaki data are treated
together enabling direct comparison;

The study is restricted to autopsies within the
Life Span Study population.

Errors on Death Certificates

When John Graunt began the statistical study of
mortality using the London Bills of Mortality, no
doubt he was dissatisfied with their classification
of such causes of death as Thrush, Convulsions,
Livergrown and so on, and probably did not believe
that each recorded death had infallibly
assigned to the proper cause.

been

The problems have changed only in degree in
While the International Statistical
Classification (ISC)® is for most purposes a satis-
factory system, the question still remains of how
often deaths are assigned to the proper rubrics
on the basis of the attending physician’s certifica-
tion.

300 years.

It would be a gross oversimplification to
imagine that every death can, even with perfect
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knowledge, be correctly assigned. Convention,
custom, and chance assist the physician in selecting
some single aspect of a complicated chronic illness
as the underlying cause of death. The problem is
mitigated to some degree by the ISC rules for
selection of diagnoses for coding, but the codes
can never be more than a standardized representa-
tion of the diagnoses written by the physician.
International comparisons of mortality data are in
particular plagued by uncertainties arising from
variances in custom between physicians in different
countries. While the question, How good are death
certificate diagnoses? is simple, unfortunately the
answer is not. For some deaths there is little
question as to the proper cause, but for others
only convention permits the assignment of a single
underlying cause.

The objectives of the present analysis are twofold
and can be stated simply:

To determine the accuracy of death certificatés
with respect to certain important causes of deaths:

To determine what are the groupings of the ISC
rubrics that should be employed in analyzing
death certificate diagnoses. The criterion for
a grouping is that it should be both reasonably
homogeneous and reasonably complete with re-
spect to the pathologic diagnoses that it contains,

Confirmation and Detection Rates

Table 10 shows for each of 20 diagnostic classes
the number of deaths assigned to each class by
death certificates as underlying cause, the number
assigned as principal autopsy diagnosis, and the
confirmation and detection rates. The confirmation
rate for a class is the per cent of the death certifi-
cate diagnoses which are also assigned to that
class as the principal autopsy diagnosis: while the
detection rate in a class is, conversely, the per cent
of the autopsy principal diagnoses that are assigned
to the same class by the death certificate.

There is much variation among diagnostic classes
with respect to the degree of consonance between
autopsy and death certificate diagnoses. Certain
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TABLE 10 NUMBER OF DEATHS CLASSIFIED BY DEATH CERTIFICATE UNDERLYING CAUSE,

PRINCIPAL AUTOPSY DIAGNOSIS, CONFIRMATION AND DETECTION RATES

HIROSHIMA + NAGASAKI, MALE + FEMALE

10 HCEH, RCBPHNE LoREEY - TEHRBHY - ERE7 - RRENIE,

ERsLUES, BRARt

ISC Dia ic Class Number of Diagnoses %o 2% Rates
sEaHu Death Certificate Autopsy Confirmation Detection
ECBKS® ik Wiz R

Total 3t 1215 1215
B1,2 Tuberculosis, All Forms

£t =85 95 112 68.4 58.0
B3-17 Other Diseases Classed as Infective and

Parasitic

FOMOEBHE LW LRI 24 19 20.8 26.3
200-203, Lymphatic Malignancy
205 U O BEREY s 12 20 83.3 50.0
204 Leukemia

F 5 41 3 70.7 93.5
140-199 Other Malignant Neoplasms

ETNOEENES 286 341 90.2 75.7
B19 Benign and Unspecified Neoplasms - i

BREEIUVERTHFOREW .. & 25 12 B.0 16.7
B20 Diabetes Mellitus

BEs 15 13 46.7 53.8
B21 Anemias

81 10 10 30.0 30.0
B22 Vascular Lesions Affecting Central

Nervous System

TEREROBRTRE ... 201 34 10.0 58.8
B25 Chronic Rheumatic Heart Disease

BIEY . —ZFIELRES....ccoeeeee 9 24 55.6 20.8
B26 Arteriosclerotic and Degenerative

Heart Disease

SRBECE S CERELRES 61 38 21.3 34.2
B27 Other Diseases of Heart

AR -1 S ————— 18 8 5.6 12.5
B28,29 Hypertension with or without Mention

of Heart

EIER (LR ORERb S0 29 154 62.1 11.7
450-456 Diseases of Arteries

AR o % B Al S e 7 114 14.3 0.9
B31,32 Pneumonia and Bronchitis

WLt UraEER 40 36 22,5 25.0
B33 Ulcer of S h and Duod

BEEUH_HEMORE ... 19 20 57.9 55.0
B37 Cirrhosis of Liver

FEZx 26 39 61.5 41.0
B38 Nephritis and Nephrosis

PRI T W s 21 8 19.0 50.0
800-999 Trauma

B 34 32 67.6 7.9
Residual All Others
$0fa 20 242 150 3
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of the more important classes will be discussed at
greater length below, and will not be commented on
here. However, the following points may be made:

Attribution of death to infectious disease, other
than tuberculosis, on death certificates is usually
wrong: and about 75 % of the deaths actually due
to such diseases are attributed to something else;

Unlike the malignant neoplasms, benign neoplasms
are rarely detected on death certificates, even
when they are the cause of death, and when they
are specified, they are usually wrongly designated;

The majority of deaths actually due to anemia
are detected on death certificates, but about
66 % of the deaths attributed to anemia by the
certificates are, in fact, due to other causes;

Pneumonia and bronchitis are inaccurately
recorded on death certificates:

-

The majority of deaths attributed to peptic
ulcer on death certificates are correct, and the
majority of deaths actually due to ulcers are
correctly diagnosed;

The majority of deaths attributed on certificates
to cirrhosis of the liver are correct, but more than
50% of the deaths from cirrhosis are missed;

Conversely, 50% of the deaths actually due to
nephritis and nephrosis are so recorded on the
death certificates, but they are included among
a much larger number incorrectly assigned to
this diagnostic class.

Variation in Confirmation and Detection Rates

Table 11 shows, according to city and sex, the
numbers of deaths classified into 20 diagnostic
groups by underlying cause and by principal autopsy
diagnosis with the confirmation and detection rates
for each diagnostic group, excluding the residual
group. The numbers of diagnoses in Table 11 are
the denominators for the corresponding percentages.
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TABLE 11 NUMBER OF DEATHS CLASSIFIED BY DEATH CERTIFICATE UNDERLYING CAUSE, PRINCIPAL AUTOPSY
DIAGNOSIS, CONFIRMATION AND DETECTION RATES, CITY, AND SEX

#1l JECHHK, FECZHE LoBSEHER - FEHRBER - HEEBEN - EREERH S, FWin - E5

Number of Diagnoses 35 I o) 2 Rates
Death Certificate Autopsy Confirmation Detection
FELC B W3 il 4 i FER
1s5C Diagnostie Class - —
FEE TR o] Hirashima MNagasaki Hiroshima Magasaki Hiroshima Magasaki Hiroshima Nagasaki
g B i b H# g2 e # i B

£ MB F& MB FXk M$B Fik MB F& MBF% M3 F &

BL.2 Tuberculosis, All Forms
= S i - (-1 12 4 w27 14 68.7 652 T0.4 667 561 500 T4 571

B317 Other Diseases Classed as
Infective and Parasitic
FonEREE L FE ) 6 4 5 % [ 3 3

11.1 500 0 20,0  14.3 50,0 ] 33.3
200-203, Lymphatic Malignancy

205 Vo TEHIBO B 4 5 1 2 5 4 3 3 50.0 100.0 100.0 100.0  40.0 556 33.3  66.7
204 Leukemia
BV I i ccsmismimmni st 19 13 7 2 13 11 B 2 63.2 769 T4 100.0 923 90.9 100.0 100.0

140-1‘39 Other Malignant Neoplasms
T iofhnEEEh

121 102 a5 28 139 126 39 a 90.1 841 800 893 T84 T62Z TILE 676

B19 Benign and Unspecified Neoplasms

Rtb L UBERROREY, 9 8 4 4 L3 @ 2 1 1.1 125 0 0 333 167 0 0
B20 Diabetes Mellitus

BEERI e e s f T 1 1 7 3 2 1 50.0  28.6 100.0 100.0 42.9 667 50.0 100.0
B2l Anemias

o, 4 2] 2 1 5 2 2 1 250 0 50.0 100.0 20,0 0 0.0 100.0
B22 Vascular Lesions Affecting

Central Nervous System

LR R E oE ol R R 91 Bl 20 5 15 12 3 4 121 T4 100 111 733 50.0 667 25.0
B25 Chronic Rheumatic Heart Disease

LRI B o R 4 — 2 5 1 1 T il 4 1000 400 0 1000 222 182 - 250
B26 Arteriosclerotic and Degenerative

Heart Disease
EhARRE LR B oL PR LS 28 20 9 4 12 7 12 7 2500 10.0 33.3 25.0

B27 Other Diseases of Heart
FOMOCRES s T 6 4 1 3 1 3 1 1]

58.3 286 250 143

1677 @ o 4 100 0 L]
B28,29  Hypertension with or without

Mention of Heart

MEERE (CROLHONES

AN s 10 7 & 6 B2 61 18 13 50.0 7.4 833 50.0 B1 82 27.8 231
450-456  Diseases of Arteries
BB DR it 4 2 0 ] 61 49 3 1 250 O 0 L 0 0 0

B31,32  Pneumonia and Bronchitis
sk EUPRBEER

Bay leer of Stomach and Duodenum

Wi b+ B ORE ... 15 1 3 1] 13 2 4 1 60.0 0 86.7 0 9.2 0 500 0
B3T Cirrhosis of Liver

HRE i 16 a o 1 21 13 4 1 62.5 667 - il 47.6 46.2 0 o
Bas Nephritis and Nephrosis

WaPL UL 20 =¥ e 8 ] 2 b 4 1 2 1 125 0 100.0 50,0 250 0 100.0 1000
£00-999 Trauma

SR L 17 12 3 2 14 12 3 3 64.7 66,7 66.7 100.0 786 667 66T 66.7

Residual  All Cthers
£ i £ @ik
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For most of the diagnostic groups, the numbers
of diagnoses are so small that it is futile to attempt
to compare city or.sex classes. However, forthe
more frequently recurring diagnoses: Tuberculosis,
leukemia, other malignant neoplasms, vascular
lesions of the central nervous system, and arterio-
sclerotic heart disease, there is no evidence of
variation either between sexes or between Hiroshima
and Nagasaki.

Table 12 shows the number of deaths and the
confirmation and detection rates for 6 diagnostic
classes by distance from the hypocenter, for each
city, sexes combined. No significant differences
by distance group are seen in the confirmation or
detection rates, in either city. In Hiroshima, the
detection rates for malignancies are somewhat
higher in the survivors compared to those who did
not experience the bombing, possibly suggesting a

AKEsoHaEIZo>wTIE, BMoEFEE
2 ZuvordE-ttNokgE LES &2+
BT ELIZEETHS. LPL, LIFLIFREI 3
FRIZoWT, T4 bb#EE, ALK, ZooXE
ey, PEMEFoMERES & U IRSEL T
LERERAE T, BeMoEzA2ESEEWNE0Mo
iz E=RERD oo L.

ZL22620BHFHIIY>VWTBLGIDIEL
EHOBLH»SOBES L UMHNIC S R E
FEURRELRT. EHT S SEETRMICESE
FHIUVRREoAEOZERIED SN L V. BB
THESEH EMCGT 2RI, HEBEZEHL
S ABUIHLTBRLEAZEOENFELEL,

TABLE 12 NUMBER OF DEATHS CLASSIFIED BY DEATH CERTIFICATE UNDERLYING CAUSE,
PRINCIPAL AUTOPSY DIAGNOSIS, CONFIRMATION AND DETECTION RATES,
BY CITY AND DISTANCE FROM HYPOCENTER

12 FECEH, RCRHE LoBEFEED] - ERHIRSHG - ERED - R NI,
i - LA 5 o BERER

Nember of Diagnoses BN Hates &
1sC Class Caty Death Certificate Autopsy Confirmation Detection
sKam ifi RCSE® HiE L+ -3
Not in Not in Notin Not in
G1999m 2000+m City 0-1999m 2000 +m City 0-1999 m 20004m Gity O-19%m 2000+m "o
HA A HATE AT E HRTE
B1.2 Tuberculosis, All Forms Hiroshima
LR, st e | R 28 21 7 31 30 10 60.7 T4 85.7 54.8 50.0 60.0
Nagasaki
E =2 T 1" 18 10 15 17 9 B1.B 66.7 60.0 60,0 T0.6 667
204 Leukemia Hirashima
(=5 1C . Tl | . N 25 [ 1 19 5 i B8.0 83.3 0.0 895 100.0
Nagasaki
E- 1 X 2 0 5 2 0 7.4 1000 100.0  100.0
140-203  Other Mali Neopl Hirvsh
205 oMo BERES B e a4 39 39 108 122 19 936 49 872 807 770 694
Nagasaki
B 16 32 18 22 12 18 875 875 B33 636 667 833
B22 Vascular Lesions Affecting Hiroshima
Central Nervous System L8 69 67 36 1 10 & 1.6 60 139 727 400 833
PHESEROATHS . ooy
e 1 13 5 3 2 1 18.2 7.7 0.0 500 500 0.0
410-468 Circulatory System Disease  Hiroshima
RRLARSE ... EB .. 35 40 16 113 18 47 714 625 43.8 221 21.2 14.9
MNagasaki
=2 12 14 7 18 29 15 50,0 78.6 714 333 879 333
R00-999  Trauma Hiroshima
-4 15 &y 11 14 4 10 11 5 72.7 57.1 765.0 BO.0 72.7 80.0
Nagasaki
E- 1 . 2 3 0 1 3 2 50.0 1000 100.0  100.0 0.0
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heightened sensitivity among practitioners to the RS2 LT HEEOR LY

risks of neoplasia in survivors. However, the dif- BN LARE TS L0THS. LALEZOER
Eerenc.es are not statistically significant w1t.h .a HEHEM B EBTIEEC (p - 11 1MHE)
one-tail probability of about .11 and the trend is in v _ ] =
the opposite direction in Nagasaki, so the evidence DI R TRETHZ0T, BRERFHT

is insubstantial. BB T IE A L.

Confirmation and detection rates show little
evidence of time variation (Table 13). The only
obvious trends are for tuberculosis in Hiroshima

MARLLURBERRIE, FROEHNLBA Y
Bovhw (R13). E, BROEESLIUEED

and for malignant neoplasms other than leukemia in FHILAS & PR 2 BEERTEXER N S Ml &3 L
Nagasaki. For tuberculosis, both rates were lower Foo ESEREICARNT AREZRER L& R AT L 12196] - 624F
during the later period 1961-62, while for malig- CIHED 5 720, B LRI LTI T DL

nancies both rates appear to be increasing with EH L EHIILCVw2 L5 Chs. LaL, of

] 5O Iz, FHIENTEEREIE T W “Ef e i
to either of these apparent trends, and it can be bW, B LR B0 TREM

concluded that there is no real evidence of time MOFERGEB I T ALV ERRIT S Z
variation over the period considered. AR S.

—

time. However, no statistical significance attaches

TABLE 13 NUMBER OF DEATHS CLASSIFIED BY DEATH CERTIFICATE UNDERLYING CAUSE,
PRINCIPAL AUTOPSY DIAGNOSIS, CONFIRMATION AND DETECTION RATES,
BY CITY AND TIME PERIOD
#£13 FECHEH, FECZIE LoFEIERR - EZEHBR2HH - HRED - FEEHSH,
AR - R R

Number of Diagnoses 33 i o 84 Rates 3
IS¢ Diagnostic Class City Death Certificate Autopsy Confirmation Detection
MW it FEL o B % & i i
1951-55 1956-60 196162 1951-55 1956-60 1961-62 1951-55 1956-60 1961-62 1951-55 1956-60 1961-62
Bi,2 Tuberculosis, All Forms Hiroshima
2oF L B8 ... 11 22 23 13 27 31 B1.8 68.2 60.9 69.2 55.6 45.2
Magasaki
6 =4S 8 21 10 10 20 11 75.0 61.9 80.0 60.0 65.0 2.7
204 Leukemia Hiroshima
=h L [ — BE ... 1 18 3 8 14 2 63.6 722 667 875 929  100.0
Nagasaki
3 T 3 4 2 2 3 2 66.7 5.0  100.0  100.0  100.0  100.0
140-203, Other Malignant Neoplasms Hiroshima
205 2O BRI L B 36 67 129 46 82 152 94.4 92.5 93.0 734 75.6 8.9
Magasaki
fe b 8 23 35 9 a2 41 62.5 &7.0 91.4 55.6 62.5 78.0
B2z Vascular Lesions Affecting Hiroshima
Central Nervous System B8 ... 17 Ef 124 1 7 19 0.0 18.4 8.9 0.0 85.7 57.9
BRI Nagasaki
E-2 S 0 9 20 1 0 6 0.0 0.0 15.0 0.0 0.0 50.0
410-468  Circulatory System Disease Hiroshima
TWERSREDL BB 10 25 56 20 60 198 50.0 6.0 58.9 25.0 31.7 16.7
Magasaki
Ee [} 10 17 ks 21 34 B33 60.0 64.7 71.4 25.6 324
B800-989  Trauma Hiroshima
P R R B8 3 8 18 4 4 18 1000 2.0 778 750 K00 TTT
Magasaki
Rewg ... 2 1 2 1 3 2 0.0 100.0  {00.0  100.0 333 100.0

23



On the other hand, age of the decedent evidently
is related to the probability of correct entry of
cause of death on the death certificate (Table 14).
For tuberculosis, both confirmation and detection
rates are much higher for deaths under 50 years
than for deaths at higher ages. The differences
For deaths under 50
years, where tuberculosis accounts for a much
larger fraction of mortality than at higher ages,
the accuracy of the death certificate diagnoses
seems quite satisfactory.

are statistically significant.

In Hiroshima significant age variation also is

7, SECHO R TIEC 2B HE o
PRI S 2 I2BIR A H 2 (R1)., #FEEIHT 3
WMEREE & AR IZS0F L FoBEMIECE LY &
SOFLLFTOIECED HFE S22, FOERIL
HMAFEMIIERETH S, 0FL T IZO>VTIE,
MR CREEINF L EomBEORBAIN L 1ES H
2@, S0F L FoSECHEOIEC LI BRI 5 L6
HiHT 3R+ SEHTS 5.

LIS, BMAELSt o BER S Wi o+ 2%

seen in the detection rate for malignancy other RBEIEBOEBENA A D 5N, % 0% 50N
FEWAF L0 0 TIEARIIKALTS. 2ok
SILEBERAMERR T A LA TE 20O AR

BOFEC A LWREHFMEICLE & L UBITABHED

than leukemia; the rate drops sharply for persons
70 years and over at death. This failure to detect
malignancy results from a tendency of attending
physicians to ascribe death in elderly persons to

TABLE 14 NUMBER OF DEATHS CLASSIFIED BY DEATH CERTIFICATE UNDERLYING CAUSE,
PRINCIPAL AUTOPSY DIAGNOSIS, CONFIRMATION AND DETECTION RATES
BY CITY AND AGE AT DEATH

#l4 FECEH, SECRWE LOKFERB] - TEHMBER - BRED - FR L5 M,
FTHTH - FECEEE di 5

Number of Diagnoses # lif o & Rates %
1SC Diagnostic Class City Death Certificate Autopsy Confirmation Detection
1 5 1 i FEL BT ik R #H
<50 50-69 T0+ <50 5069 70+ <50 50-69 70+ <50 50-69 70+
B1,2 Tuberculosis, All Forms Hiroshima
2EH i 24 24 8 29 25 17 87.5 50.0 625 72.4 48.0 2904
Nagasaki
b 2 13 5 22 15 4 90.5 46.2 40.0 86.4 40.0 50.0
204 Leukemia Hiroshima
=i N D EB ... 18 11 3 15 7 2 72.2 63.6 66.7 B86.7 100.0 100.0
Nagasaki
B 8 1 0 6 1 0 75.0 100.0 100.0 100.0
140-203, Other Malignant Neoplasms Hiroshima
205 OO BIEREW Y. 26 147 59 28 164 88 96.2 91.2 96.6 B89.3 81T 64.8
Nagasaki
B ... 15 40 11 21 47 14 93.3 850 B81.8 66.7 72.3 64.3
B22 Vascular Lesions Affecting Hiroshima
Central Nervous System < w0 77 8 2 14 1 10.0 11.7 82 50.0 64.3 63.6
ELET:E08 £ 1 S— Nagasaki
2 TR 5 19 5 0 4 3 0.0 10.5 20.0 0.0 50.0 33.3
410-468 Circulatory System Disease Hiroshima
WHRBRER ccconvrerrecnaserrerrnees BB s, 11 40 40 13 106 159 54.5 70.0 575 46,2 26.4 14.5
Nagasaki
- T—— 4 16 13 8 32 22 50.0 62.5 76.9 250 31.3 455
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vague conditions or to senility, without further ado.
In Nagasaki, the trend is not seen: Detection
rates are fairly uniform (but unfortunately low)
at all ages.

Finally, in Hiroshima only, the detection rate
for circulatory system disease is significantly
lower at 70 vears and over than at vounger ages.
This drop parallels that for malignancy, and probably
results from the same cause. Again, as in ma-
lignancies, the tendency is not seen in Nagasaki.

Correct death certificate diagnosis might be
expected more frequently for deaths in hospital
than for deaths at home and this is true, but only
to a limited degree (Table 15). Differences in
confirmation rates between deaths at home and in
hospital are not significant, but the small differences
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TABLE 15 NUMBER OF DEATHS CLASSIFIED BY DEATH CERTIFICATE UNDERLYING CAUSE
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that exist are generally in favor of the deaths at
home. Of course, many of the patients who died
at home had previously been observed in hospitals,
but had returned home for terminal care.

The situation is quite different with respect to
the detection rates. For tuberculosis, malignant
neoplasms other than leukemia, and cardiovascular-
renal disease the Hiroshima detection rates are
significantly higher for deaths in hospital than for
those at home. In Nagasaki, for the first 2
diagnostic classes, differences are parallel to
those in Hiroshima, but are of smaller magnitude
and are not significant. For circulatory system
disease, however, the Nagasaki detection rates for
deaths at home are even slightly higher than for
those in hospital.

Tuberculosis

For both cities and sexes combined, 95 death
certificates listed tuberculosis (pulmonary or
nonpulmonary) as the underlying cause of death.
Confirmation was obtained at autopsy (in the sense
that the principal autopsy diagnosis also was tuber-
culosis) in 65 of these deaths, a confirmation rate
of 68.4%. The principal autopsy diagnosis was
tuberculosis in an additional 47 cases for which
the underlying cause on the death certificate was
different, and of the 112 autopsy principal diag-
noses, the death certificates recorded 58 %.

The autopsy principal diagnoses of tuberculosis
exceeded the death certificate diagnoses by 17.9 %.
It can be inferred, then, that the tuberculosis
mortality rate, as calculated from death certificates,
is underestimated by 15-20%.

Of the 30 deaths erroneously ascribed to tubercu-
losis on death certificates 16 were actually due to
malignant neoplasms; 10 were malignancies of the
lung or mediastinum, 5 were of the stomach or
other digestive organs, and 1 was diagnosed as
leukemia on autopsy. At autopsy, 3 cases were
diagnosed as bronchiectasis, 2 as lung abscess,
1 as lobar pneumonia and in 1 the patient had a
nail in the lung with an associated pneumonia.
Review of the autopsy protocols for the 2 cases of
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lung abscess revealed that 1 was probably of
tuberculous origin, but the other was definitely
not. At autopsy, 2 of the deaths were attributed
to late syphilis. The remaining 5 cases were widely
scattered: Myocardial degeneration, generalized
arteriosclerosis, intestinal obstruction, choleli-
thiasis and nephritis were the autopsy diagnoses.
In sum, more than 50% of the erroneous death
certificate diagnoses of tuberculosis masked
malignant neoplasms, nearly 25% were other non-
neoplastic diseases of the lung and bronchus, and
about 25% were other scattered conditions.

Of the 47 cases missed on the death certificates
9 were called malignant neoplasms by the certifying
physician: 3 leukemia, 2 respiratory neoplasms and
4 malignancies of digestive organs; 3 deaths were
ascribed to asthma, and 2 to other diseases of the
lung: 2 were diagnosed as mental disease (schizo-
phrenia and hysterical reaction); 10 deaths were
attributed to various forms of heart disease and
1 to stroke.
listed 1 of the vague conditions included in the
general class of Symptoms, senility and ill-defined
conditions, and the remaining 11 were widely
scattered including 1 patient who had committed
suicide because of despondency over his tubercu-
losis, and was, properly, so designated on the death
certificate. l.ess pattern is seen for the tubercu-
losis missed by the death certificates than for the
overdiagnosed cases, possibly reflecting the situ-
ations in which physicians who have not had
opportunity to study patients antemortem are
compelled to complete death certificates without
adequate information.

Other Infectious Disease

Both confirmation and detection rates for the
infectious and parasitic diseases (other than
tuberculosis) were very low. Of 19 deaths attributed
to these causes by the death certificates only 5
were given essentially the same diagnosis at
autopsy, for a confirmation rate of 26.3%. In all,
24 deaths were placed in this class at autopsy, or
detection rate of 20.8%. The nature of the dis-
crepancies may be of interest.

In 9 instances the death certificate |
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On the death certificates, 7 deaths were attributed
to syphilis and its sequelae and 8 by the autopsies.
Only 2 of the cases were the same, however. Of
the 5 deaths erroneously placed in this class by
the certificates, 4 were attributed by autopsy to a
variety of chronic diseases of the cardiovascular
system and 1 to a brain tumor. Of the 6 cases
missed by the death certificates, 2 were attributed
to tuberculosis, 3 to cardiovascular disease and
1 to senility.

Death certificates attributed 7 deaths to septi-
cemia; however, since blood cultures were not
done at autopsy, none was confirmed. The causes
were, on autopsy, tuberculosis (2 cases) cirrhosis
(2 cases), stomach ulcer, heart disease and
chronic pneumonitis.

Death certificates attributed 3 deaths to typhoid
fever; 1 of these was confirmed. The other 2 were
due to ulcerative colitis and chronic rheumatic
heart disease. The record was no better for other
infectious diseases of the intestinal tract: None
were diagnosed on death certificates, but at autopsy
2 deaths from amebiasis were found (attributed to
yellow atrophy of the liver and cancer of the
rectum), 1 from bacillary dysentery (called stroke),
and 1 from paratyphoid fever (called lung abscess).

Deaths from leptospirosis were fairly well
identified; of 3 such diagnoses on death certificates,
2 were confirmed at autopsy; the third was called
cirrhosis of the liver at autopsy. No autopsy
diagnoses of leptospirosis were undetected by
the certificates.

Among the death certificates, 1 diagnosis of acute
infectious encephalitis was found; the autopsy
diagnosis was cholelithiasis.

Finally, certificate diagnosis of death due to
parasitic worm infestations was poor: The only
such diagnosis was contradicted by a diagnosis of
cholelithiasis on autopsy. However, 3 such cases
were diagnosed at autopsy. In these the death
certificate diagnoses were: 1 cholelithiasis and
2 yellow atrophy of the liver.
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Leukemia

Death certificates ascribed 41 deaths to leukemia
as underlying cause while only 31 were so listed
as principal autopsy diagnosis; 29 of these diagnoses
were common. The other 2 autopsy cases were
ascribed on the death certificates to pulmonary
tuberculosis and to influenza. However, the 12
cases diagnosed on death certificates and not con-
firmed by autopsy are not easy to interpret.
Apparently 5 were mistakes, since 3 were ascribed
to tuberculosis and 2 to malignant neoplasms of
the stomach. However, the remaining 7 cases are in
the twilight zone. In 2 cases the death certificate
diagnosis was essentially correct, the autopsy
diagnoses being lymphosarcoma with lymphatic
leukemia and stomach ulcer in a patient with
leukemia. In 3 cases the error in the death cer-
tificate was at worst marginal, the autopsy diagnoses
being myelofibrosis with myeloid metaplasia. In
the remaining 2 cases the discrepancies although

somewhat greater are understandable: 1 was

diagnosed at autopsy as a case of reticulum cell

sarcoma, the other as a refractory anemia of
undetermined etiology.

The situation is too complicated to be summarized
in a few numbers. However, it seems plain that
the death certificate diagnoses were not seriously
in error. Of the 31 cases designated as leukemia
in the principal autopsy diagnosis, 93.5% were so
detected by the death certificates, only 2 were
outright errors. Of the 41 cases designated by
the death certificates, 70.7% were confirmed by
the principal autopsy diagnosis, and of the 12
overdiagnosed cases, in at least 5, review of the
autopsy protocol revealed that the diagnosis was
correct or, at worst, marginally wrong. If these
b cases are added to the confirmed total, the con-
firmation rate rises to 82.9%.

Malignant Neoplasms

Table 16 shows a cross-tabulation of underlying
cause of death as recorded on the death certificates
in relation to the principal autopsy diagnosis,
with the diagnoses of malignant neoplasms specified
by organ of primary site. The confirmation and
detection rates by site are shown in Table 17.
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The principal diagnosis was neoplasm in 7
autopsies but the primary site could not be
determined. In 14 cases the death certificate
gave only malignant neoplasm as the cause of
death. Death certificate statements of site have
been interpreted as referring to primary site except
for the rare occasions when metastatic lesions are
mentioned explicitly.

Although the confirmation rate for malignancies
of the stomach was fairly high- 86.9 % - the detection
rate was only 68.9%. Since stomach cancer is well
known to be the most frequent form of malignancy
in Japan, it might be thought that death certificates
would tend to overdiagnose this disease. However,
this is not so, At autopsy, 135 primary malignancies
of the stomach were detected, or 40% of all
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TABLE 16 MALIGNANT NEOPLASMS: RELATION OF DEATH CERTIFICATE UNDERLYING CAUSE TO
PRINCIPAL AUTOPSY DIAGNOSIS
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TABLE 17 MALIGNANT NEOPLASMS: NUMBER OF DEATHS BY DEATH CERTIFICATE UNDERLYING CAUSE,
PRINCIPAL AUTOPSY DIAGNOSIS, CONFIRMATION AND DETECTION RATES
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nonlymphatic and hematopoietic malignancies, but
only 107 deaths were attributed to this cause by
the death certificates. While the frequency of all
malignancy was underestimated by the certificates,
for malignant neoplasms of the stomach the true
number exceeded the number reported on certifi-
cates by 26%, as compared with only 15% for
all other malignancies exclusive of lymphatic and
hematopoietic.

Other sites for which the death certificates
under state the numbers of malignancies are, notably,
the respiratory system and the urinary organs.
There is no site for which the number of death
certificate diagnoses is much in excess of the
number of principal autopsy diagnoses.

As might be expected, stomach cancer and malig-
nancies of other digestive organs were confused
on some certificates.
missed by the death certificates, 14 were attributed
to other digestive organs, often the liver. = Tf,
therefore, all digestive organs are taken together
as a single class, the confirmation and detection
rates become 87.2% and 76.1%.

The 24 deaths diagnosed as malignancy of the
stomach at autopsy and not diagnosed as malignant
neoplasms on the death certificates were ascribed
to a wide variety of causes:
5 to cerebral vascular disease, 2 to arteriosclerotic
heart disease, only 3 to stomach uleers, 2 to liver
disease, 1 to ulcerative colitis; 2 were ascribed
simply to senility and 1 case was a suicide, and
hence not properly a discrepancy.

3 to tuberculosis,

For the 18 deaths diagnosed at autopsy as malig-
nant neoplasms of other digestive organs and not
called malignancies by the death certificates,
death certificate diagnoses were somewhat less
widely scattered than were the cases of stomach
cancer. In 5, diagnosis was liver disease; 1 was
ulcerative colitis; 3 deaths were attributed to
senility and 2 to tuberculosis.

The only other malignant neoplasms frequently
ascribed on death certificates to nonmalignant
disease were those of the respiratory system. Of
the 20 missed cases 50 % were diagnosed as tuber-

Of the 42 stomach cancers
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culosis. No less than 4 cases were coded in
category 231 Neoplasm of unspecified nature of
On the other hand, 9 death
certificates had underlving cause in rubric 231,
and the other 5 were not malignancies of the
respiratory system on autopsy.
not neoplasms.

respiratory organs.

In fact, 3 were

Breast cancer and malignancies of the uterus, as
might be expected because of accessibility, were
well diagnosed on death certificates. On the other
hand, less than 50 % of the relatively few malignant
neoplasms of the ovary were correct and less than
50% of the autopsy cases were recorded on the
certificates. Grouping these cases together with
the uterine cancers changes the confirmation and
detection rates for the latter group only trivially
and hence for some purposes, grouping of all death
certificate diagnoses of malignant neoplasms of the
female genital organs would seem desirable.

Cerebro-cardiovascular Disease

The task of interpreting death certificate diagnoses
of cerebro-cardiovascular disease is complicated
by the fact that the clinician and pathologist are
primarily concerned with different aspects of these
diseases. They are chronic (with the numerically
unimportant exception of acute rheumatic fever)
and the pathologist is interested in the underlying
general disease process; for example, hypertensive
heart disease with arteriolar nephrosclerosis,
while the clinician who completes the death certifi-
cate ordinarily fixes his attention on the dramatic
episode such as cerebral hemorrhage, which so
often leads to death. These relationships appear
clearly in Table 18, a cross-tabulation of underlying
cause and principal autopsy diagnosis, and in
Table 19, which shows the confirmation and
detection rates.

Nearly 66 % of the death certificate diagnoses in
this entire class of diseases were of vascular
lesions of the central nervous system. Usually,
the diagnosis was of cerebral hemorrhage, but
since the attending physician is unlikely to be able
to distinguish with precision between cerebral
embolism, hemorrhage, thrombosis and stroke, it
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seems best to consider the group of cerebral
vascular lesions together. No less than 70% of
the 375 principal autopsy diagnoses in this class
were in the categories hypertensive disease and
general arteriosclerosis. Detailed examination
showed that the disagreements were usually on
interpretation, not on the facts. Of 84 Hiroshima
cases which were designated as cerebral hemor-
rhage on the death certificate and had either
hypertension or general arteriosclerosis as the
principal autopsy diagnosis, only 6 failed to have
cerebral vascular disease noted as one of the
autopsy findings.

Table 18 shows the underlying cause categories
of vascular lesions of the central nervous system
and hypertensive disease are alike in that about
75% are diagnosed at autopsy as one of these 2
categories or as general arteriosclerosis. To this
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TABLE 18 CEREBRO-CARDIOVASCULAR DISEASE: RELATION OF DEATH CERTIFICATE UNDERLYING CAUSE
TO PRINCIPAL AUTOPSY DIAGNOSIS HIROSHIMA + NAGASAKI, MALE + FEMALE

#£18 BUORMLERS: ECZHE LoKIER & L B2 o MF
EEs L UERE ALEH

Principal Autopsy Diagnosis B i 8 i 7

1SC Death Certificate Underlying Cause Tu;rd

LN Lo RFER

330-334 400-402 410-416 420.422

430-434 440-347 450  451-456 460-488 Other Z701U

Vaseular Lesions Affecting Central
Nervous System
QR UE R R L T

Rheumatic Fever
0 T R i 1

Taotal 1215 34

J30-334

201 20
400-402

410416 Chronie Rheumatic Heart Disease

MR o= FIECORBRN 9

Arteriosclerotic and Degenerative
Heart Disease 61 2
IR A g kO B A

Other Disease of Heart
FoflbmLREE ...

420.422

430434

440-447 Hypertensive Disease, with or
without Mention of Heart
o FE RS

(CROEROITWERbH L]

450 General Arteriosclerosis

SR amaeE &

Other Arterial Disease
LR ol 1 1% 1 A — o 1

Diseases of Veins and Other

Circulatory System Disease
BROKBLITIORD
HREFOKSD 1

451-456

460-468

Other
o

Not Cerebro-Cardiovascular

fne—BCRETELNS . 889 i1

1

24 18 8 154 106 B 2 840

45 i 1 T66
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extent, the 2 named death certificate classes appear
to be essentially indistinguishable on autopsy,
Together they constitute 71% of death certificate
diagnoses of cerebro-cardiovascular disease. Of
the 95 other diagnoses, 79 or 83% are called
arteriosclerotic and degenerative heart disease or
other heart disease apart from chronic rheumatic.
These 79 cases, on autopsy, appear to include a
wide variety of principal diagnoses, and nearly
40 % are not even assigned at autopsy to cerebro-
cardiovascular disease. Other categories are
numerically unimportant on the death certificates.

Of the 124 deaths from cerebro-cardiovascular
disease that were missed on the death certificates,
419% were assigned to the general class Senility
and ill-defined and unknown cases(ISC rubric B45)
while asthma, pneumonia, gastroenteritis, diabetes
and nephritis collectively accounted for 29 %.
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TABLE 19 CEREBRO-CARDIOVASCULAR DISEASE: NUMBER OF DEATHS BY DEATH CERTIFICATE UNDERLYING CAUSE,
PRINCIPAL AUTOPSY DIAGNOSIS, CONFIRMATION AND DETECTION RATES
HIROSHIMA + NAGASAKI, MALE + FEMALE

#19 BOBNEEE: JECHE, C2HELORFERS, FELE2HE, MEER], 2%RZE5
Kb & UEK, BLaeH
15C Diagnostic Class Number of Diagnuses 3l ot Rates #
P Death Certificate Autopsy Confirmation Detection
FEC B I 15 o B #HE

TOta]l  JF crveereeermeniesite e e eebt et sraabr e e ae e s aaanne 1215 1215
330-334 Vascular Lesions Affecting Central Nervous System

AT AR R o A IR S 201 34 10.0 58.8
410-416 Chronic Rheumatic Heart Disease

WY 2 — 7 FHLBESL e 9 24 55.6 20.8
420-422 Arteriosclerotic and Depenerative Heart Disease

EYERAEEAE & ok BB 61 a8 21.3 34.2
430-434 Other Diseases of Heart

F o fth o L I R AR 18 8 5.6 12.5
440-447 Hypertensive Disease

AR AR 28 154 60.7 11.0
450 General Arterioselerosis

EHMEBIIRTEEEE e 6 106 16.7 0.9
400-434 Rheumatie Fever, and all Non-hypertensive Heart Disease

Woa = F Bdy £ ONT 0T O 2B A L DR AR 89 71 38.2 47.9
330-334, Vascular Lesions Affecting Central Nervous System,
440-450 Hypertensive Disease and General Arteriosclerosis

R HEZOMNEER, BOESERS L ULEHRE{LE 235 294 73.6 58.8
330-334,  All Cerebro-Cardiovascular Disease
400-468  TATORMLROERS 326 375 77.3 67.2
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Trauma

In 34 autopsied deaths the death certificate
listed some form of trauma as the underlying cause.
In only 23 was the principal autopsy diagnosis
also a traumatic cause, so the confirmation rate
was 67.6%. In an additional 9 deaths the autopsy
principal diagnosis was trauma, but a nontraumatic
diagnosis appeared on the death certificate so
that the detection rate of death certificates for
trauma was only 71.9%. Actually, as might be
supposed, disagreement between clinical and autopsy
diagnoses was by no means so great as this superficial
comparison of the codes would appear to indicate.

Of the 11 cases in which trauma was given on
the death certificate, but was not the principal
autopsy diagnosis; 9 were deaths (6 by suicide,
1 fall, 1 drowning, 1 therapeutic misadventure) in
which there was no question that the trauma had
precipitated death, but the pathologist selected as
principal diagnosis a condition such as a malignancy
or mental disorder that might be inferred as leading
to the final traumatic episode. In the remaining
2 cases, the death certificate was undoubtedly
correct in ascribing death to motor vehicle acci-
dents; but in 1 case the autopsy diagnosis was
miscoded, and in the other the pathologist was
unable to examine the head for medico-legal reasons
and hence refrained from stating any cause of
death. Insum, on review of the autopsy protocols,
all 34 death certificate diagnoses were confirmed.

Asto the 9 deaths diagnosed as trauma at autopsy
but not on the death certificate, 7 were indeed
diagnosed incorrectly on the death certificates.
In the remaining 2 cases, coding errors accounted
for the discrepancy. The detection rate was, there-
fore, 83.7% after correcting the coding errors.
The discrepancies varied: A foreign body (nail)
in the bronchus mistaken for tuberculosis, the
consequences of a foreign body (fish-bone) in the
esophagus mistaken for diabetic coma, and a post
fracture fat embolism to the pulmonary artery
mistaken for pneumonia. Not all of the discrep-
ancies, however, were mistakes. In one instance,
an 80-year-old female fell, incurring several
fractures, and died a week later of bronchopneumonia.
The death certificate gave senilify as the under-
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lying cause of death, and it might be argued that
this was a permissible interpretation.

Conclusions

It has been stated that the criterion for a reason-
able grouping of death certificate diagnoses is
that, in terms of the actual pathology, the grouping
should be reasonably homogeneous and reasonably
complete. Actually, from the narrow point of view
of the Life Span Study, homogeneity is more
important than completeness provided that the
cases lost are not selected in relation to radiation
dose or distance from the hypocenter. Fortunately,
the data show little evidence of variation in
detection rates with distance from the hypocenter.
For example, if 50% of the cases of leukemia
were randomly redesignated as tuberculosis, the
effect would be to reduce an already rather small
number of cases, but the relationship of leukemia
to radiation would still be quite plain in the remain-
ing cases. If, on the other hand, the number of

apparent cases of leukemia were doubled by the ;

random redesignation of some of the deaths really
attributable to tuberculosis, the relationship between
radiation and leukemia would be obscured. While
high detection rates are desirable, high confirmation
rates are essential.

Unfortunately no absolute standard can be set
for a high confirmation rate. Certainly a rate of
70% is quite satisfactory; that is the rate for
leukemia, and the Life Span Study mortality rates
for leukemia clearly show the relationship to
radiation. Confirmation rates of the order of 70%
or more were obtained for the following groupings:

Tuberculosis

Malignant neoplasms of the lymphatic system,
stomach, respiratory system and uterus

Malignant neoplasms (other than leukemia) as a
single class

Vascular lesions of the central nervous system
and hypertensive disease together

All cerebro-cardiovascular disease
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All these are of reasonably frequent occurrence
and seem susceptible of study by means of death
certificates.

Infectious diseases other than tuberculosis,
diabetes, the anemias, pneumonia and bronchitis,
nephritis and nephrosis are so frequently incorrectly
diagnosed on death certificates that it would seem
pointless to attempt to study them in the Life Span
Study. Peptic ulcer and cirrhosis are in an inter-
mediate position: The confirmation rates are about
60%, and the diseases are not very frequent, so
study of death certificates does not seem likely
to be rewarding; yet it is not impossible that a
radiation effect on mortality from one of these causes
might, if sufficiently strong, be discernible.

The confirmation rates apparently vary little with
such factors as sex, place of death, and distance
from the hypocenter. The implication of this finding
is that for those causes for which confirmation
rates are reasonably high the Life Span Study
should provide an estimate of possible relationship
to previous radiation.

PATHOLOGIC DIAGNOSES IN RELATION
TO DISTANCE FROM HYPOCENTER
Introduction

A large part of the autopsy series was
collected during a period when the procurement
process was not statistically controlled and the
series is heavily weighted with persons nearest
the hypocenters, those thought to have died of
cancer, and similar cases, Nevertheless, it seems
essential to examine the results for any information
that might bear upon the relation of radiation to
specific disease processes. Pruning the series of
1215 autopsies to improve its statistical quality is
not feasible if for no other reason than that the
series contains only 169 autopsies of persons
located 0-1399m, and were this number much
reduced, the resulting set of autopsies would hardly
bear analysis. As will be seen, despite the known
bias in the series, most of the malignant neoplasms
show no evidence of increased relative frequency
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in those nearest the hypocenters. The implication
is that the procurement emphases upon neoplasms
and upon irradiation were essentially independent
of each other and that, therefore, it is not unreason-
able to examine the data for evidence suggestive
of late radiation effects.

The autopsy diagnoses studied in this section
are not restricted to the principal diagnoses, but
include all contributory and accessory diagnoses.
However, diagnoses of metastatic malignancies
are excluded.

Malignant Neoplasms

For most sites, the number of primary malignancies
is too small for analysis by age and sex. Therefore
Table 20 shows the data by age and sex only for
4 sites. The proportions shown in Table 20 are
not, of course, incidence rates. For example, the

relative frequency of malignancy of the stomach is .

smaller at 80 years and over than it is at ages
50-79, in both sexes. This does not mean that
the incidence of stomach cancer declines after
age 80 (although that possibility exists, the data
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TABLE 20 RELATIVE FREQUENCY AT AUTOPSY OF CERTAIN MALIGNANT NEOPLASMS
BY AGE AT DEATH AND SEX

#20

BEOBEREMOEIRICH 1T 3 HMNBE, FECHFEBRR - 5

Primary Site of Malignancy 1% #F 4 # o) i 38 50 fir

Stomach Trachea, Bronchus, Uterus Thyroid

Age at Death Autopsies Lung S 3, 0% %, B FE FEAR IR

FE LI 4 il bt ISC 151 ISC 162 ISC 171-174 ISC 194

Number # /1000 Number# /1000 Number# /1000 Number # /1000
Male %
<0 137 8 58.4 = 14.6 1 7.3
50-59 121 23 190.1 11 90.9 1 8.3
60-69 219 33 150.7 12 54.8 13.7
70-79 133 20 150.4 15.0 < =
80+ 55 5 90.9 36.4 1 18.2
Female &

A0 115 9 78.3 1 8.7 10 87.0 2 17.4
50-59 84 9 107.1 3 35.7 5 59.5 ; § 11.9
60-69 128 20 156.2 7 54.7 70.3 ] 46.9
70-79 145 19 131.0 6 41.4 8 55.2 3 20.7
80+ 78 6 76.9 1 12.8 1 12.8
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do not bear on the point) but only that the incidence
of other fatal diseases increases much more rapidly
than that of stomach cancer.

The relatively small magnitude of the age variation
is perhaps the most impressive feature of Table 19.
For malignancies of the stomach, and of the trachea,
bronchus and lung, the relative frequency is
essentially constant fer ages 50-79.

The relative frequency of malignancy of the
stomach is substantially higher among males than
among females only in the 6th decade of life (50-
59). More surprising, the same is true for
malignancies of the trachea, bronchus and lung.
However, for thyroid cancer, the relative frequency
in females appears to exceed that in males at
almost all ages.

Table 21 shows the diagnoses of the 450 primary
malignant neoplasms by specific diagnosis and
distance from the hypocenter. Since about 14'% of
the persons autopsied were 0-1399m, in the
absence of specific radiation effects (or bias),
approximately the same proportion of the diagnoses
of any particular kind might be expected in persons
in that distance zone.

Most of the neoplasms are so rare that evidence
of correlation with distance could hardly be
expected. However, there are exceptions:

Malignant Neoplasms of the Stomach. Of the 152
diagnoses of gastric carcinoma, 20 or 13.2% were
in survivors located 0-1399m. This is actually
slightly less than the 20.3 expected under the
hypothesis of no relation between this malignancy
and previous irradiation.

Malignant Neoplasms of Bronchus, Trachea and Lung
Of 47 diagnoses of primary carcinoma of the
bronchus, trachea and lung, 9, or 19.1%, were in
survivors located 0-1399m. Considering specific
distributions by age, sex, and city of all autopsy
cases and of those 0-1399m, 5.8 such tumors would
have been expected in the latter group. The
difference between the 9 observed and 5.8 expected
is not statistically significant, since a difference
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TABLE 21 AUTOPSY DIAGNOSES OF MALIGNANT NEOPLASMS BY DISTANCE FROM HYPOCENTER
HIROSHIMA + NAGASAKI, MALE + FEMALE

®2l EfEFEHOHRZE, RLRAL0ERYN LB LUES, BL4H

Distance Fi m

ISC Site &% Total Not in
3 0-1399  1400-1999 2000-2499 2500 +  City
N E
Total & 1215 169 312 230 285 219
% 100.0 13.9 25.7 18.9 23.5 18.0
Number of Diagnoses
Bmo®
141 Tongue
[ 3 2 : §
142 Salivary Gland
R ........ sk T 1 1
144 Other Parts of Mouth
OE@Z OMOEMEL. Lo 1 1
146 Nasopharynx
LB ..o 1 -
148 Pharynx, Unspecified
FE# AR oo E SR 1 1
140-148  Buceal Cavity and Pharynx
ORsLUEE i | ] 2 1 b}
150 Esophagus
a1l = 12 1 1 5 2 3
151 Stomach
- 152 20 38 a3 30 ) |
152 Small Intestine
488 2 1 1
153 Large Intestine
b ] 13 - | 2 3 6
154 Rectum
g 9 1 2 3 3
155 Biliary Passages and Liver
Tigs & & UFFFR 29 4 5 3 10 7
157 Pancreas
B 13 3 - 3 5
158 Peritoneum
B, - 1 1
150-158  Digestive Organs and Peritoneum
HIERE & SRR 231 26 52 48 52 53
160 Nose, Nasal Cavities, Middle Ear
and Accessory Sinuses
B RE, SEHITIBKE 3 1 2
161 Larynx
% 94 3 1 1 1
162 Bronchus, Trachea, Lung
AE, RAEE, B 47 9 11 5 13 9
164 Mediastinum
B 3 1 2
160-165  Respiratory System
FEEE 56 10 13 9 15 9
170 Breast
imE 8 2 2 3 1
171 Cervix Uteri
FEE 19 4 6 3 3 3
173 Uterus, Other than Cervix or Corpus
FEERT A FERSBUNOFE. i 2 1 1

Continued # ¢
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TABLE 21 Continued # &
Distance #i#f m
B Site @ Total Not in
3 01399 1400-1999 2000-2499 2500 + City
H P E
174 Uterus, Unspecified
FEAHOFE 1 1 4 3 1 2
175 Ovary, Fallopian Tube, Broad l..:gament
R, WEELCFELME G 6 2 1 2 1
177 Prostate
i 3 BN 10 1 3 | 3 2
179 Other and Unspecified Male Genital Organs
OB ELUCEBRTHROAREES - 1 1
180 Kidney
Ll # T 2 1 1 2 1
181 Bladder and Other Unuanr Organs
BRbIFEORNERS 9 1 2 2 2 2z
170-181 Breast and Genito-Urinary Organs
ABELURRS 73 12 19 16 15 11
190 Melanoma of Skin
ERORAERN ¥ 1
194 Thyroid Gland
HiZW 21 7 2 2 T 3
197 Connective Tissue
Ao E - 1 1
199 Other and Unspecified Sites o
ok s CHBETH 1 1
190-199  Other and Unspecified Sites
I0es LUTBOTH 30 8 6 3 9 4
200 Lymphosarcoma and Reticulosarcoma
Wyl k CEEAE 13 4 1 3 3 2
201 Hodgkin's Disease
hVy W ] 1 1 1 2
203 Multiple Myeloma
R IR i rnneoiniriie i e s s 5 1 1 2 1
200-203  Lymphatic System
LS MBI oot R s 23 6 3 b 5 3
204 Leukemia
L 32 19 6 1 6

of at least the observed magnitude would be
expected nearly | time in 5.

Malignant Neoplasms of the Ulerus. For 32
diagnoses of uterine cancer, 6, or 18.8% were in
the survivors located 0-1399m. The number to
be expected on the hypothesis of absence of
radiation effect is about 4.4; the difference of
the observed number from expectation is not
statistically significant.

Malignant Neoplasms of the Thyroid Gland. Of the
21 malignancies of the thyroid detected in the
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series, 7 were in persons located 0-1399m from
the hypocenter. The number expected on the
hypothesis of no relationship between thyroid
cancer and distance is 3.0. The probability of
observing so large an excess by chance is .023
{one-tail).

Since thyroid disease occurs more frequently
in females than males, it is of interest to examine
the data by sex: Males accounted for only 8 of
the total, females for 13. Of the 8 males, 2 were
located 0-1399m (expected number 1.2) while 5
of the 13 females were located 0-1399 m, with an
expected number of only 1.8. The chance probability
of the excess in females is .047.

These findings are generally in accord with
those ceported by Zeldis et al? on 1948-59 autopsies.
They also are in keeping with the report of
Socolow et al'® on biopsy material from patients
in Hiroshima. Samter'' has not been able to
substantiate these findings, however, in a rather
large number of biopsies examined in Nagasaki.

In only 3 of the above 21 cases was the carcinoma
sufficiently malignant to contribute to the death of
the patient, and in each case extensive metastases
were observed.

All of the remaining 18 lesions were minute and
seldom reached 1.5¢m in diameter, the majority
were recognized only by microscopic examination;
12 were of papillary and 6 of sclerosing type carci-
noma, 1 of the latter was questionable malignancy.

In 4 of the 18 cases, minute foci of thyroid tissue
resembling tumor were observed in proximal
cervical lymph nodes by microscopic examination;
3 of the 4 cases with metastases occurred in those
classified as papillary carcinomas. The finding
of these minute foci in the lymph node led to more
extensive sectioning of the thyroid gland, thereby
uncovering a lesion that had been previously missed.
In some instances when suspicious cells were
observed, additional sections revealed a small
focus of neoplasia.

Some of these rather occult lesions have offered
considerable difficulty in making a definitive
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diagnosis and might well be given different conno-
tation by various competent pathologists. This
problem warrants continued intensive study on many
more cases to resolve the nature and significance
of this group of lesions.

Malignancies of Lymphatic and Hematopoietic Tissue.
Leukemia exhibits, in the autopsy series, the
familiar association with previous irradiation.
Of the 32 leukemias 19 were in persons 0-1399m.
The probability of so many being in this zone
merely by chance is less than 1 in 100,000.

For malignancies of the lymphatic system, the 6
cases observed 0-1399m exceeds the 3.7 expected,
but not significantly.

Finally, if all malignant neoplasms are added
together, excluding only the leukemias, it is found
that 61 of the total 418 occurred in survivors who
were located 0-1399m. The expected number is
56.8, and the small excess of observation over
expectation is easily explainable by sampling
variation. An excess of this magnitude would
occur, by chance, more than 1 time in 4.

Other Diagnoses

Table 22 shows the number of autopsy diagnoses
in various disease classes by distance from the
hypocenter. All autopsy diagnoses, principal,
contributory and accessory have been used and
many autopsies are, therefore, tabulated in several
classes, However, each case is counted only once
in any class, even if 2 or more closely related
diagnoses were made,

The data of Table 22 have been reviewed for
evidence of significant increases in the frequency
of the different diagnoses in each distance class,
and only 2 significant discrepancies were found:

Anemias. Of the 32 diagnoses of anemia, 11 were
in persons who were 0-1399 m from the hypocenter.
Only 4.9 would be expected, after standardization
for age, sex, city and time period (whether before
or after 1 October 1960). The value of X* is 7.59,
corresponding to a probability smaller than .01.
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TABLE 22 AUTOPSY DIAGNOSES BY DISTANCE FROM HYPOCENTER

HIROSHIMA + NAGASAKI, MALE + FEMALE
#2 HE2E, BOMEA» 5 0EER

KB s UERSE, BLah

ISC Autopsy Diagnoses Total e E=¥ m -
MR BN it 04399 14001999 20002499 2500 + it
N E
Total Number of Autopsies S{iE® ... . 1215 169 312 230 285 219
% 100.0 13.9 25.7 18.9 23.5 18.0
Number of Diagnoses § i 8
B1,2 Tuberculosis, All Forms
R s 247 39 59 51 49 49
B3 Syphilis and its Sequelae
HEBE R L TP DRI ..o iarirernerrrerssmerssassisnss 30 2 9 2 10 7
B4-17 Al Other Infective and Parasitic Diseases
FOBOELEBELCTFERM. . 31 8 7 4 ] 6
B19 Benign and Unspecified Neoplasms
BRESIUVERTHEOMED. .cvvieivninccieeee. 265 32 71 55 58 49
B20 Diabetes Mellitus
RS 24. 5 8 5 3 3
B21 Anemias
) e e e a2 11 8 4 6 3
B22 Vascular Lesions Affecting
Central Nervous System
PfiBEZOATHB 390 50 9 83 86 75
B24,25 Rheumatic Fever and Heart Disease
2= FBELTLDRMBRL ..oiiiiiniinirins. 4B 5 7 13 10 11
B26 Arteriosclerotic and Degenerative Heart Disease
WIS L CEMRMELRSES ... 258 29 69 57 54 49
B27 Other Diseases of Heart
tnhaolLRED 168 19 40 42 40 27
B28,29 Hypertension
W R R 470 56 123 82 109 100
B30-32 Influenza, Pneumonia, Bronchitis
L F AR B, WEER s 463 58 117 102 97 89
B33 Uleer of Stomaeh and Duodenum
W & EUA SRR .o varssmsivsiirsssirivsasisisoiings 88 ] 27 15 24 13
B34 Appendicitis
B o s e RS 6 1 1 1 2 1
B35 Intestinal Obstruction and Hernia
BHEELTFALZT 9 3 3 2 1
B3& Gastritis, Duodenitis, Enteritis and Colitis
&, "Bk BENEIUABE . occce... 97 9 23 24 27 14
B37 Cirrhosis of Liver
FFEEE 122 18 24 n 22 27
B38 Nephritis and Nephrosis
R E T R TE L nanavmsehasie s 58 8 14 | 13 16
B39 Hyperplasia of Prostate
BIIRELE 74 11 14 11 17 21
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In more specific diagnostic terms, the distributions
by distance for the anemia were as follows:

ISC Rubric %8

290

—

HZREMEM c A2 2B Mo Blo s A IEL Fom
{ThHsb.

0-1399m  Other # Ot

Pernicious and other hyperchromic anemias

BEROLS L CzooRmEHRM . - 1

291

Iron deficiency anemia

BRZBERM . .............

292

293

The statistical excess of cases 0-1399m is
confined to the rubric 292. In fact, the only iron
deficiency anemia diagnosed was an additional
diagnosis in a patient who died of carcinoma of
the stomach, while the 2 cases of anemia of unspecific
type (rubric 293) located 0-1399m were both
additional diagnoses in patients whose principal
diagnosis was leukemia.

The probability that the 16 diagnoses in rubric
292 would, by chance, divide evenly into those
0-1399m and others is less than.01. Examining
these in further detail:

Other anemias of specified type
TOMOBORE: ..o iviiniviioiiies
Anemia of unspecified type

2 12

0 -139m DEFIZ L THAMIZEBRHIZ 5
N303a82R :aFhTVIEOCHRESNS.
SRZHERME VG HIRBIMEEETCRHRC L2808
KM LTTFan1WTH-T, ££0-1399m
DETHMLAHORM (293 ) v ) FK2IE
X, HMt#s EEBM L T2 2B I FEah-0T
Hah.

292 FiWiE N 22160 AERIZ 0 —1399m
w2z hlloBrrEgicbishaEHL
DI TFTHsds, BEizigM Lt aHEIROWMLTHS.

ISC Rubric 5% 0-1399m  Other # o {th

292.3 Leuko-erythroblastic anemia

BEFRFERIEME R ..o ssnnsssinsnen, 5 3
292.4  Aplastic anemia
292.5 Non-regenerative anemia

FEFERM e, 1
292.7  Other specified anemias

TDMARD R .....coonisiiisissnsamsisasisin 1

Thus, a radiation effect in relation to aplastic
anemia is not evident here, but the distribution
of the so-called leuko-erythroblastic anemias is
strongly suggestive of a radiation relationship;
again, the probability is less than .01 that such a
large proportion of the cases would be 0-1399m
by chance.
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A review of the 8 cases coded as leuko-erythro-
blastic anemia (rubric 292.3) indicates that they
represent a group of autopsies made on patients
with myelofibrosis. Hiroshima cases have recently
been intensively studied by Anderson ef al'* who
pointed out an increase in this disease as compared
to other parts of Japan as well as a definite
relationship to distance from the hypocenter.

Cirrhosis of the Liver. Cirrhosis was a frequent
diagnosis, no less than 122, or 10 % of the autopsies
being so designated. The observed number was
significantly in excess of expectation only in the
zone 2000-2499 m where 31 were observed while
only 20.9 were expected. The discrepancy
corresponds to a X* value of 4.88, with probability
of .03.

The discrepancy is much greater in males than in
females, and in Nagasaki than in Hiroshima, but
seems to characterize the whole 12 year period:

-

[ ERESER M (55%292.3) OFEHR8
il & Bdt L8R, chozEHGRBELEOTHE
HEMELTLwALLIHAF G- . ZhsOER
1E8E, Anderson 2 Ik, THRAMICHEEZR
%, BBRHAOMOBIZHAST, EBIIZ0EK
BAKMLTEY, TLEBLRAIALOBERBIEES
Bfgo s sz 2L TV A,

HEE. HFEZozHizz{ofizashn, 122
OBIBRM, T2b50%FIFELEE LW & h 7.
2000 - 2499m ¢ BEBECiX, MWFMA20.9TH B D2
L, WEEMA3lT, BEMAMFMEY HEILE
Mol ZOFEEX? FHABBCHM L, FoiESED
AD3TH S,

IMmERLENDSBIZ, FLIEBLY  EEC
KEOVH, ZOFHIZ, FREMNLZEUTHLNT
w3,

Number of diagnoses of cirrhosis in persons 2000-2499 m
2000-249m 2V EFEOHFEZEO B

Observed %2  Expected s
Hiroshima la® - .. . onidamsiesis 16 13.7
NApasakY TOME . oo oo s 15 7.2
Oct. 1950-Sept. 1960 19504:10H — 19604 9 H 14 8.3
Oct. 1960-Sept. 1962 19604F10F — 1962 9 H 1% 12.6
0 C1 T N 19 11.4
FaWElede e bummnnammnn st g 12 9.5

No explanation for the high frequency of cirrhosis
in the zone 2000-2499m is apparent, and the
result may well be fortuitous, since the probability
value is not remarkably low.

Conclusions

It is perhaps surprising that so few real
discrepancies in frequency of specified diseases
should be found in survivors who were near the
hypocenters. Leukemia, malignancy of thyroid,
anemia - all of these have previously been mentioned
as conditions with apparently elevated frequency
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in persons 0-1399m from the hypocenter ® 1°-12-14
Leukemia and thyroid malignancy have been cited
by others as radiation induced diseases. That
certain diseases of the hematopoietic system which
classify into ISC rubric 292 Other anemias of
specified type - such conditions as leuko-erythro-
blastic anemia and refractory anemia - should also
be increased in heavily irradiated survivors is not
surprising since, diagnostic difficulties apart, the
relationship between certain disorders of the
marrow and leukemia is probably close.

In the past, much has been made of the fact that
the autopsy series is biased in many ways and the
present analysis confirms that this is so. [n view
of these biases, apparent relations between exposure
and many forms of malignancy might have been
indicated, but in fact they were not seen. As time
passes and the size of the series increases, with
bias much reduced by the present procurement
program, the ABCC-JNIH autopsy serieg ~will
become a decisive tool for the investigation of
late radiation effects in man.
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