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LIFE SPAN STUDY
FEFREEBEFEORTSAE

Report Number 1 Description of Study
Mortality in the Medical Subsample October 1950-June 1958

B8 EFBEEY IV VIS ARCELEFHARAEZOHEREI9505E108 —1958F 6 A

INTRODUCTION

The broad program of study by Atomic
Bomb Casualty Commission (ABCC) concerning
A~bomb survivers in Japan ineludes, as a
major component, a general mortality
investigation known as the Life Span
Study.! This large scale statistical
study represents a systematie search for
mortality differentials associated with
radiation. Planned by Franecis, Jablon, anq
Moore in 1955 following a prollminarv
s tudy by Woodbury et atd 1t provides
assurance that effects will not be missed
merely because they were not specifically
looked for at the right time, and provides
a testing-ground for definite hypotheses
as to delayed mortality effects. The
integration of the overall ABCC program
is such that any new mortality differential
uncovered by the Life Span Study may be
pursued by pathologists and clinical
investigators in a more definitive fashion
appropriate to the nature of the finding.
The portion of the mortality sample known
as the medical subsample is the subject
of a continuing elinical investigation
(Adult Health Study) embracing standard
physical and laboratory examinations every
two yvears plus a wide variety of short term
special studies devised to explore more
deeply particular organ systems or to test
hypotheses emanating from other work.
Similarly the Department of Pathology
maintains a large autopsy and diagnostie
service as the basis for its program of
special studies in both cities.

Very great uncertainties becloud present
knowledge of the long term effects of

radiation on humans. Bevond a few seem-
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ingly well established facts regarding the
leukemias? 12 and radiation cataracts,13_17
the only guides are some suggestive
epidemioclogical surveys of physiclan518_20
and the many observations on laboratory
animals.21-25 fthese studies, showing as
they do that specific effects may vary
even from strain to strain within the same
species, hardly can be extrapolated to man.
Leads for investigation may be sought from
them, but the clearest lesson they teach is
that generalization from one species to
While in some
areas sharply focused investigations are
essential, there is also a great need for
broadly based investigation that will be as
sensitive as possible to effects that are
not presently conceived.

another is not permissible.

One of the most popular hypotheses
regarding the late effects of radiation
thus far to emerge from the animal experi-
ments is the accelerated aging effect.%6227
While a fully elaborated and satisfying
definition of accelerated aging is not
known to the authors, presumably this
phenomenon must be manifested by a shorten-
ing of life following sufficient irradi-
ation. This would imply enhancement of
age-specific mortality rates at least for
certain ages. Age, sex, and cause-specific
mortality rates might be expected to be
altered in various ways but unfortunately
accelerated aging is as yet too vague a
concept to lead uneguivocally to the
expectation of any particular pattern.
From this point of view, too, an investi-
gative strategy should include a broad
scanning mechanism in addition to studies
of particular hypotheses. As a universal
endpoint mortality provides a useful basis
for such scanning.

A specific weakness of the Life Span
Study which should be recognized at the
outset is the present unavailability of
accurate knowledge of radiation doses
received by individual survivors. An
ambi tious dosimetry program has been
devised by members of the Health Physics
Division, Oak Ridge National Laboratory
(DRNL). Both ORNL and ABCC have devoted
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major funds and technical effort to the
development of the information essential
(1) airdose
curves: (2) attenuation curves for specific
shielding situations; and (3) detailed
histories specifying exact location and
shielding situation at the time of the
explosion. At this writing the task
is, unfortunately, still some years from
completion. However, even after these
s tudies have been finished certain diffi-
culties will remain:
be certainty as to the absolute yield
of either weapon, and estimates of absolute
dose will be much less reliable than
estimates of relative dose; comparisons of
Hiroshima and Nagasaki will be complieated
by the necessarily large uncertainty in the

ffor the dose calculation:

There can never

relative yield of the two weapons: in some
instances shielding information is of
dubious validity although the great
majority of shielding histories are
considered reasonably accurate; in somé
special circumstances the dose estimate is
such a rapidly changing function of
position that it seems impossible to obtain
the required information with sufficient
accuracy.

The sample for the Life Span Study
will ineclude about 100,000 persons. Since
the sample for the Adult Health Study
was designed to be a subsample of the Life
Span Study attention was first directed to
completion of Selection I (or medical
subsample) which Inecludes about 20,000.
The present report gives the accumulated
mortality experience of Selection I
(medical subsample) for the period 1950-58.
Inasmuech as this mediecal subsample now
accounts for only about one-fifth of the
experience that will soon be available,
it was considered that analysis of the
data should be concentrated more on
me thodological guestions than on the
substantive issues to which the larger
s tudy is directed. The data presently
available are too scanty to support deep
analysis for radiation effects. However,
they are guite adeguate for learning how
well the results correspond with general
Japanese mortality data, how adeguate
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the various control groups seem, and
to what degree the well established
leukemogenie effect of radiation is
mirrored in the data.

METHODOLOGY

Since the investigative situation
is that of an ex post facto Survey, not
an experiment, 1t cannot have the rigor of
a well designed therapeutiec trial with
control secured by randomization of
therapy, ete.
to seek actively for bias in the material,
and to be tentative as to conclusions
because of the possibilities for undetected
confounding between the independent
variable (radiation) and other influences
upon mortality. Other difficul ties arise
in the determination of cause of death. A
general mortality study of the requisite
size must be performed on the basis of
death notices, and yet these cannof~be
taken at face value without elinical or,
preferably, pathological investigation.
All these problems come to a focus in the

It is necessary, therefore,

sampling plan which specifies the selection
of the subjects and the time period on
which the observations are to be made. The
major elements of the present design are
discussed in the following sections.

MEASUREMENT OF RADIATION

The radiation from two atomic bombs
is under study - bombs that released
tremendous amounts of mechanical and
thermal energy as well as gamma rays and
neutron particles. Moreover, neither
bomb has been monitored for its radiation
potential and it is necessary to rely upon
estimates of air dose=8 derived from data
on similar, but not identical, nueclear
weapons. The basis for a dosimetry program
is provided by air dose estimates together
with information on the attenuation of dose
by common shielding materials, and detailed
information on the location and shielding
configuration of each individual near
enough to the hypocenter to have had
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radiation exposure. Under
29 ultimately it
will be possible to assign

individuals with

potential
such a dosimetry program
a numerical
dose estimate to most
significant exposure who have continued

to reside in or near the two cities.

For the present, however, it is necessary

to rely entirely upon distance from

hypocenter, a rough shielding classi-

fication, and reports of symptoms of
acute radiation illness (epilation and

oropharyngeal lesions; purpura, petechiae,

and other forms of bleeding). Symptoms

are useful but must be used cautiously
because varying individual symptom-response
to radiation

dose must be presumed.

Presence of symptoms is used merely
to sort out a presumably more heavily ir-
radiated group but the measure of radiation
is usually taken as distance,
shielding controlled.

distance,

perhaps with
Information on
symp toms,
syvstematically obtained at

and shielding has been
ABCC since 1949.
It is considered sufficiently complete and
independent of mortality status in the
interval 1950-1958 to serve as the basis
for a rough secaling of radiation dose in
this study.

ABCC field investigators have also
routinely obtained information on burns and
other injuries received at the time of the
bombing, and have sought to distinguish
Other effects of

for

flash from fire burns.
the bombs are not presently known
individuals in ABCC samples, especially
loss of economic support, protracted
nutritional deficiences, loss of parents

and other members of the family, and

anxiety about possible ill effeets.

The situation is further complicated by
the nonrandom distribution of radiation
dose through the population of the bombed
If variables

residence and oeccupation become confounded

cities. associated with

with dose and distance, true radiation

effects may be obscured or exaggerated.
29 4s to fallout and

Al though the faets

induced radiation are not incontrovertible,
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in the judgment of the authors these
potential sources of radiation are, at
most, of secondary importance. Comparison
of the mortality of early entrants with
that of other persons not directly exposed
revealed no differences between these
groups (Appendix I). Accordingly, in the
present report exposure is classified on
the basic direet radiation from the burst.

MEASUREMENT OF MORTALITY

The measurement of mortality presents two
major problems: 1) How to achieve an
unbiased determination of survival status:
and 2) how to obtain reliable information
on cause of death. In Japan the first
of these is easier to solve than the
second. Under the Family Registration
Law3? the mayor or egquivalent authority
maintains a register for every family in
his jurisdiction, and vital events are
posted therein. The place of registratton
corresponds to a legal address for family
purposes, and is seldom changed even when
physieal residence changes. O0Officials
responsible for the registration of
births and deaths throughout Japan are
required by law to send copies of these
vital documents to the places of family
registration. Changes in the place
of family registration and creation
of registers for new families are so
effected that knowledge of any one place
of registration is a virtual pguarantee that
the present place of registration can be
learned and survival status ascertained.

In connection with the present study
a test was made of the family registra-
The 20,000 subjects whose
mortality is reported here were checked
against family registers. Registration was
found for all but 17.
that nine of these were foreigners not
eligible for family registration: for one
person family registration had been omitted
and only seven were really unknown.

tion system.

Investigation showed

Moreover, since the sample under review is

also a clinical sample, with routine field
checks being made in connection with
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scheduling for examinations in ABCC eliniecs
its mortality is known. The family
registers returned mortality information on
all but nine of the 1300 known deaths, or
99.3 per cent, so present indications are
that the family register approach provides
nearly perfect coverage.

Information on cause of death is provided
from Vital Statisties Death Schedules
by NIH under official procedures specific
to this joint NIH-ABCC study.
referred to briefly as death notices.
Autopsy confirmation is rare, although the
presence in Hiroshima and Nagasaki of a
strong ABCC Department of Pathology means
that far more autopsies are performed in
the two cities than elsewhere in Japan.
In Selection I the autopsy rate is 7.5 per
cent for both eities combined, but varies

These are

markedly with distance from hypocenter.
Even for the present medical subsample
elinical information for the period 1950-58
is not now available in systematic form,
and it will not be available for the
balance of the mortality sample. However,
as the elinical program continues it will
provide a wealth of background elinical
information on this particular segment
(Selection I) of the mortality sample.

To achieve comparability with official
Japanese vital statisties, cause of death
has been coded according to the WHO
International Classification of Diseases,
Injuries, and Causes of Death (1955
revision)al supplemented by additional
instruections developed by the Division of
Welfare and Health Statisties, Health and
Welfare Ministry.* In addition to the
underlying cause, coding has extended to
two complications and two contributory
causes, selected in accordance with special
procedure532 devised for this study.

SAMPLING CONSIDERATIONS

It may appear preferable to base the
sample on survivors registered shortly
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after the bombs fell. Unfortunately no
complete, early register exists. All
available early samples are partial and
open to objection on sampling grounds. At
the present time only the supplementary
schedules created at the time of the 1950
national census provide a reasonable
sampling base for persons in the cities at
time of bombings. 1In this census 284,000
survivors were enumerated, 195,000 in
the bombed cities. The latter portion
constitutes the sampling base for the
present study. All but about 300 have been
investigated individually to determine
their location in the city at the time of
the bomb, acute radiation symptoms, place
of family registration, citizenship, and
other factors of descriptive interest.
Eljgibility for sampling has been confined
to Japanese citizens resident in the bombed
cities on the census date and with place of
family registration in the city or nearby
area (at the time of investigation or at
death if earlier). .

Al though radiation dose is the funda-
mental variable of analysis, it was of
course not possihle to seleect the sample
on the basis of dose. Distance, shielding,
and symptoms were the only characteristics
available for use. In both cities the
acute mortality curve began at 100 per cent
in the region of the hypocenter and reached
about 75 per cent at 1000 meters, 50 per
cent at about 1300 meters and 10 per
cent at 2000 rruatuar*s.:-“:|
despite considerable unevenness in the
distribution of the population centered
on the hypocenter, the numbers under
2000 meters are small in relation to those
beyond 2000 meters. It seemed desirable
to include all possible subjects with
appreciable amounts of radiation, and to
adopt a stratified plan for the rest. At
1500 meters air dose 1s presently estimated
at about 100 rads (gamma plus neutron added
1 to 1) in each city. At 2000 meters the
values are about 15 and at 2500 meters they
are about 3 rads.28 It was decided,
therefore, to accept all eligible subjects
within 2500 meters and to construct two
comparison groups: 1) individuals more

In conseguence,
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distally located in the cities at the time
of the bombs (ATB): and 2) individuals not
in the cities ATB. These two comparison
groups have the same size, and the same
age and sex composition as the group under
2000 meters. The planned composition of
the final sample appears in Table 1.
Ma tehing has been done separately for each
sex and by single years of age.

HAHZEIZ L. 20K MEEIZ2000m Ko B
BE LT, 280, ENOMEKLFE—IC%
3Ek50lE. 2oEICLTESEYY LG
TEREZER T R1DEYTHB. 28, Hih
BIIzHS&FMIZH Y W EHFELEIZL3 L5 12
Bhli.

TABLE 1 ESTIMATED FINAL COMPOSITION OF SAMPLE NIH-ABCC LIFE SPAN STUDY
#1 HCEEFT X TLOTEH

COMPONENT HIROSHIMA [NAGASAK] TOTAL
BRER (19 =) o w
PRESENT IN CITY OR ENVIRONS ATEB
Fig Fasi-diNz s ToREBEEKICwAESE
&aﬁnﬂs;:%uznamﬁsrgﬁ: FROM HYPOCEMTER 1,500 8,800 27,800
2000 TO 2499 METERS 2000—2499m 11, 500 5,100 16,600
2500 TO 8899 METERS 2500—%9%= O HE 21,200 6,600 27,800
NOT PRESENT IN CITY OR ENVIRONS ATH
FBETRCHNE 2 EORBRRIL >5[ 21200 | 8,600 | 27,800
TOTAL it 75,100 24,800 100,000

An appropriate sample of individuals not
in the cities when the bombs fell has been
difficult to define, but Francis et al>
urged that such a group be added to guard
against the risk of missing effects that
are not dose-dependent and against error in
assigning radiation dose to those in the
city but far from the hypocenter when the
bomb fell. Unfortunately, adequate 1950
sources for sampling were no longer
available in Hiroshima in 1955 and it
became necessary to supplement 1950 sources
with the 1953 Hiroshima census. Moreover,
the people who were not in the hombed
cities in 1945, but who were there in 1950,
are in large part migrants to the cities
after the war. Their differences in 1life
experiences, including health history,34
and the opportunity given to health to
influence their movement, raises doubts as
to their comparability with those who were
in the cities both when the bombs fell
and in 1950. The specific sources from
which this extrinsic comparison group has
been taken are:
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Nagasaki: 1950 Listing of Family Heads,
the Consumers' Household Register for
1950, and ABCC 10 per cent Sample Census
for 1950

Hiroshima: ABCC 10 per cent Sample
Censuses for 1950 and 1951, and 1953
Hiroshima Daytime Census

Apart from presence in the city and
distance from hypocenter, sampling criteria
have been identical for all groups except
that the date of qualifying residence is
always the date of the census source. For
the extrinsie comparison group, however,
field investigation was begun much later
and still continues.

The sample has been designed as the
largest obtainable subject only to these
major restrictions:

Residence in the bombed cities in 19570
or other date of census - "

Place of family registration in or near
the bombed cities

Intrinsic and extrinsic comparison groups
equal in size to those under 2000 meters
from hypocenter

In view of the shape of the dose-distance
function the latter restriction has little
force; additions to this group would add
little to the power of comparisons based on
dose and distance. The 1imitation as to
place of family registration is one of
convenience, introduced to facilitate the
mortality followup. It reduces the
Nagasaki sample under 2000 meters by about
10 per cent and the Hiroshima sample by
about 18 per cent. Subjects excluded by
this criterion have been classified as
reserve, however, and may be studied at any
time. Residence is a more significant
limitation, since about one-third of the
survivors enumerated in 1950 lived outside
the bombed citles. However, the logistic
difficulties of including this group seemed
prohibitive and they were set aside.
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Construction of the mortality sample was
aided materially by earlier studies at
ABCC. In 1949 ABCC enumerated 181,000
survivors in the two ecities, equivalent to
93 per cent of the 185,000 obtained a year
later at the time of the National Census.
In 1950 in Hiroshima all those on the 1949
census who had been under 1000 meters from
the hypocenter,
1500 meters,
examination

and later many within
were subjects of a clinical
program that continued for

In Nagasaki large scale
made in 1953-56 on all 1949
census survivors within 2000 meters. These
and many lesser programs resul ted in the
acquisition of a large amount of systematic
information on most of the individuals
under 2000 meters who were listed on the
1950 supplementary schedules. By the time
the present mortality sample was decided
upon late in 1955 much of the necessary

some Years.
surveys were

information for sampling already was in
hand. By 1 July 1958, when it becanfe
possible to make Selection I, investigation
of the 195,000 in the city ATB and resident
there in 1950 was 97 per cent complete,
and in the interim the gap of 3 per cent
has narrowed to less than 0.2 per cent.
Investigation of the nonexposed was much
but for the ABCC sample
census of 1950 it was 93 per cent complete
on 1 July 1958, and that source was
sufficient for the Napasaki Selection I.
In Hiroshima it was necessary to supplement
the ABCC sample census of 1950 with
subjects from the 1951 sample census and
the 1953 Hiroshima Daytime Census.

less complete,

The fact that the medical subsample has
been under selection during the period for
which mortality is te be studied may
suggest an opportunity for bias fto enter
the radiation comparisons, as might occur
if deaths in one group or another were more
likely to elude investigation or to be
classified differently. It is partly to
eliminate such hazards that the field
investigations have been pursued vigorously
to the point where less than 300 of the
195,000 exposed survivors remain to be
identified. As a further check the 157
deaths in the Hiroshima medical subsample
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in the period January 1957-June 1938, were
studied for changes in place of family
registration prior to death.
had honseki changed in the interval between
initial interview to determine eligibility
and date of death.

In no case

Selection I was not drawn as a represen-
tative subsample of the mortality sample.
Rather, an effort was made to insure the
study of a large, heavily irradiated group
by first taking all those exposed under
2000 meters who had acute radiation
symptoms, and then defining three other
comparison groups,
groups:

to produce four exposure

Group 1 under 2000 meters ATB and with
acute radiation symptoms

Group 2 under 2000 meters ATB but without
acute radiation symptoms -

Group 3 located 3000-3999 meters ATB

Group 4 not in the ecity or environs ATB

Table 2 provides the totals for these
groups hy sex and by city. Group 2
consists of about 30 per cent of the
eligible survivors in Nagasaki and 20 per
cent in Hiroshimaj
have, as nearly as possible, the distance,
age, and sex distribution of group 1.

it was so chosen as to
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TABLE 2 MEDICAL SUBSAMPLE BY SEX, CITY, AND EXPOSURE GROUP

%2 ESWMEOLOOH T, E, BBES . L, H
EXPOSURE GROUP HIROSHIMA [ NAGASAKI  Eb§ BOTH CITIES [
A X 5 MALE B |FEMALE % | MALE B |FEMALE % | maLE 9 |remaLE % | TOTAL @t
1 1312 2118 578 887 1890 3003 4383
2 1313 2114 677 883 1980 2997 4987
3 1312 2118 574 885 1988 3004 4930
4 1313 2120 676 283 1889 3003 4982
ToTAL it 5250 B459 2705 3538 7955 12007 18862
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It should be noted that in both cities
persons in exposure group 1 received,
the average, much larger doses of radiation
than those in group 2. Present estimates
(the so-called Tentative 1957 Dose) of the
median doses are:

on

ESTIMATED MEDIAN DOSE IN RADS (GAMMA PLUS NEUTRON)
(F>=—8+HhET)

B|REIHPRA (AL rad )

While the estimates shown above are
highly tentative, it is certain that
the average dose received by persons in
group 1 is more than twice that received
by persons in group 2. Of course, the
estimated individual doses received by
survivors in each of the exposure groups
ranges from less than 20 rads to in excess

-

of 1000 rads. 3

Since the only approach to radiation
effects is via comparisons of the various
distance (dose) groups, it is desirable
that they be comparable in all respects
except radiation. Under the circumstances
this is manifestly impossible. Nonetheless
it is essential to explore their compara-
bility to the 1limit. This has been done
elsewhere?” for the four exposure groups
of the medical subsample and may be
summarized as f'ollows:

With respect to age, marital status, and
occupation, differences are small and of
no obvious importance. The three groups
of subjeets in the city ATB are guite
homogeneous with respect to residence
history, but the extrinsic controls differ
in at least four respects. 1) They often
had lived longest somewhere other than
in the bombed city and for 10 per cent
this was outside Japan; 2) most of them
had lived abroad, especially the males:
3) about 40 per cent of the males and
25 per cent of the famales were abroad ATB:
4) only 50 per cent of the extrinsiec
controls had lived five or more years in
the bombed cities prior to 1950, in
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contrast to about 98 per ecent for the first
three groups. Details are contained in
Appendix II.
ANALYSIS AND DISCUSSION

As a general, if weak, validating
procedure, the mortality of the subsample
was first compared with that expected
on the basis of official vital statistics
of Japan. Expected deaths were calculated
from the 9th Official Life Table (1952-
1953) 3% and the Abridged Life Table37
of 1956 for the entire country, with
an adjustment for the small number in
Hiroshima group 4 drawn from 1951 and 1953
sources. The 9th Official Life Table was
used for the years 1950-53 and the Abridged
Table for 1954-58.
expected deaths appear in Table 3 together
with the results of significance tests for
each comparison group in both cities.
Except in the Hiroshima group 4 the
observed mortality is about equal to
expectation. The calculations were made
by sex and age ATB. Scrutiny of the age
and sex-specifiec comparisons for group 4
indicates that the agreement is quite good
over the entire age range for males, but

The observed and

Hiroshima females manifest deficits at
every age; expected deaths are 118 while
observed deaths total 74.

TABLE 3 MEDICAL SUBSAMPLE.

OBSERVED AND EXPECTED DEATHS.
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BASED ON JAPANESE VITAL STATISTICS

1950-58 BY CITY AND EXPOSURE GROUP
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it or $l 1 2 3 4 i
OBSERVED DEATHS L 220 258 250 172 300
EXPECTED DEATHS Hir s 228 278 229 223 908
HIROSHIMA =
Y IRATIB OBSERYED/EXPECTED .98 1.13 1.08 L7 .ag
| H¥E R / SEH
HOMDGENEITY TEST HE#EFZAF | ws NS NS . NS
}unssnvzu DEATHS ey 82 B4 80 56 312
[EXPECTED DEATHS Bl 69 | 69 | 68 68 274
NASASAKI | - +
0% | RATIO DBSERVED/EXPECTED v, 18 e o S
HE® W / HHEH
HOMOGENEITY TEST HffifE+ 2 | NS NS NS NS NS
#aljghly significant P< .01 *Significant .01 < P< .05 NS Not significant ,05 <P
i 45 i 4 i figein

Results NS In the range

,O08<P< .10 also may be designated as Suggestive (Sugg)
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In the expectation that the search for
possible radiation effects might require

control of factors other than age and sex,
various secondary characteristies of the
subsample, and factors associated with its
processing also were reviewed for their
influence upon mortality. Such comparisons
made on an age- and sex-specific basis,
also seemed potentially useful for drawing
attention to any aspect of the accumulation
of the mortality sample that might have
differed between survivors and deceased.
Factors apparently unrelated to mortality
in the present subsample for the period
1950-58 are:

Enumeration on the ABCC 1948 Radiation
Census

latest marital status

Location of place of famlly registration
(in city vs in adjacent area) i

Migration from the city after 1950
Location ATB

Reason for coming to city before 1950
Census (for group 4 only)

Two aspects of residence ATB are sub-
stantially associated with variation in
mortality. At investigation, those in the
city ATB were asked whether they were
permanent residents or visitors who
happened to be in the city at the time.
The small group of visitors represented
only about 1,5 per cent of the subsample
but its mortality in the Hiroshima sub-
sample (not in Nagasaki) 1s about double
that of residents. This is an unexplained
fact of no obvious importance and may be
disregarded because the excess deaths
number only ten. Something similar also
is seen in Hiroshima group 4 subjects.
The one-third whose place of residence
was Hiroshima shows a lower mortality in
the 1950-58 period, notably males less than
50 years of age ATB. This is not seen in
Nagasaki but amounts to a deficit of about
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158 deaths in Hiroshima and, again, is of

unknown importance. Details are shown in

Appendix III.

RADIATION CLASSIFICATION AND DEATHS FROM
ALL CAUSES

The deaths from all causes are exhibited
in Table 4 by age,
city of study.

sex, exposure group, and
(See Appendix IV for
comparisons with expected deaths based on
It should
be noted that the average age of the
Hiroshima subsample is about five years
Al though
Nagasaki contributes nearly one-third of
the total subsample, it accounts for just

over one-fourth of the expected deaths.

Japanese national death rates.)

greater than the Nagasaki.

It is gquite obvious that the four
exposure groups are not homogeneous as to
mortality, principally because deaths.are
relatively fewer among the nonexposed of
both cities, but especially Iin Hiroshima.
Allowance for the fact that the nonexposed
in the Hiroshima subsample include a
small group for whom mortality observations
began in 1951 or 1953 would affect the
comparison by only 4 per cent; in Nagasaki
mortality studies for all subjects date
from 1 October 1950. It was thought that
being composed of migrants in
might have the
characteristiecs of a secreened group and

group 4,
some considerable part,

therefore manifest somewhat lower mortality
in the earlier years. This does indeed

seem to be true in Hiroshima, but not
necessarily so in Nagasaki. Table 5
presents total deaths by year, city, and

exposure group. It will be noted that the
group 4 totals for Hiroshima are especially
low in the early years and much less so in
the later years. The ratios of deaths in
Hiroshima group 4 to the average of those
in the other three groups combined are, for

the time intervals of Table 5: .52, .64,
.79, and .89. This phenomenon is not
seen in the Nagasaki material. On the

assumption that any secreening effect would
he most likely to affect deaths from
tuberculosis and cancer, the Hiroshima
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TABLE 4 MEDICAL SUBSAMP
B

LE. NUMBER AND PERCENTAGE OF DEATHS 1850-58
Y AGE, SEX, CITY, AND EXPOSURE GROUP

F4 W, ERNl, BREGN, EFEEH YL L, B, LEHTE. BB, BN
CITY sexl ace EXPOSURE EROUP  ERIE[L % T TOTAL
t | 2 3 P i
o | 6
NO. |DEATHS 5 ND. lﬂfl'ﬂls ND. OEIIIHS ™ ND. |DEATHS 5 NO. |DEATHS 5
=| EC || EC 8- | e EC M | ®C
0- 9] 114 -] 5.3| Vs 1 .9] 115] 1 .8] 113 o 456 ] o |
10-18| 317 7 2.2 | 18| 10 a.2| 328 3.¢| avy| 12 381216 40 3.1
20-23| 150 ¢ 2.7 st g g.o] 133 7 5.3 151 2 1.3| sas| 22 3.8
M |30-33| 228 18 7.1 | 221] e 7.3] 234| 10 4.3| 229 B 3.5 ate| =2 5.1
a0-43| 285| 2¢ 0.4 288] 34 |11.9] 2e3] a3s [12.4] 283] 23 g.8|11a7] 118 10,4
» s0-58] 16a] as [22.1] 1e1| 33 |za.2| ver| a3s |21.7] 183] 28 [ie.of sea] 138 [21.0
B0+ 57| 23 |e0.4| ss| 23 |3s.7| so| 26 [e3.3] s8] 25 43| 233] 67 [4r.s
HIROSHIMA “’%"‘L 1312] 118 g8 [1a13| 134 |1o.z|1312| 128 o.5/1314| g8 7.8|5251 | 473 8.0
5B 0~ 8] 147 1 <7 Ve 0 0 149 2 1.3 150 ] 0 504 K] 378
10-19| 4635 i 1.3| 483| 13 2.8 462] 17 3.7| am 3 81871 | a8 2.1
20-20| 437 8 1.8 437 9 2.1 ss0| 11 2.5] arg 2 s(1733] a0 T
F [a0-3a| s03| 12 3.0 s02| 18 4.7 405 19 4.7] 404 8 2.0|1514| 58 3.8
i |40m4e] e1e] 2 8.7 ¢tg| 28 5.2| 413] 29 7.0| 420] 18 e.3)1gss| 101 8.1
50-59] 171 20 |11.7] 172 24 |va.o| v7z| e [vo.s| 1ss| 17 [re.a| ssa| 73 [ri.s
50+ 77| 20 |37.7| 78| 33 faa 4| 18| 20 [ar.2| se| zs [az.s| ani| 117 [ar.s
’";r”' 2116| 104 .9 f211e] 124 s.alzi1al| 1235 5.8 2118 7 3.5/p488 | 427 5.0
o- 9| as 2 2.0| a1 o g~| a8 0 0 1] o o EEL 2 55
10-158| 222 8 2.7 | 225 (8} s.3| 221 g 2.1| 220 7 3.2| sas 31 3.1
20-29 83 3 3.4 -1 - 5.8 80 1] 1.5 BE 3 3.4 344 17 4.9
M |30-33] nis|] 0 8.6 11 s | a.5| 121 [ s.of 11e] 3 2.8| 281| 25 5.4
40-23| 108 [ 5.5 12| 10 | s 9] 107] 10 5.3] 10| 13 [ii.a| e37] as 8.9
% s0-s3| a3 s |z3a.1]| a0 g l22.3| a8 1 |in.s| as s J1z.8] 1s1| 30 [re.0
60+ 7 3 42.8 1 4 _1—57.1 7 3 7.2 7 5 T4 28 17 60.7
NAGASARI "’S{“ g80| 40 5.9 s78| s 6.5| 673] 43 s.¢| g75| 36 5.3|2708 | 183 6.0
150 o- 9| 86 ) 31| a7 ] 0 a5 1 1.0 a7 3 [ 188 f 1.0
10-18 347 T 2.0 S 5 1.4 34535 7 2.0 346 ] 2.3|1385§ 21 1.8
20-28| 192 6 3.1 191 8 3.1] 195 2 1.0 104 2 .o 173] 1e 2.1
F |30-33| 103 5 0.8 102 2 2.0 104 5 4.8 102 6 5.9 411 18 P
40-48| 91 1 7.1 e1] 12 |raz| = 5 5.5| =0 a 3.3| 63| 27 7.4
% |s0-50| 40 82000 a0 5 |rz.e| 40 1 [11.8] ae s |1z.8| 1s8| 25 |18
BO+ 15 6 (40.0| 15| 10 [es.7| 18| 10 |es.7| 18 8 |a1.5]| 1| a2 |sz.3
”’;“ ags| 42 | 47| 882| <0 4.5| 8es| a7 4.2 soa| 30 3.4 (1537 | 148 4.2
0- 9| 213 B 3.8 211 | 0.5] 213 ] 0.5 2t0] o 0 B47 | 10 1.2
to-19 539 13 2.4 541 21 3.9 547 20 3.7 53]1 18 J.5|2V84 13 3.4
20-29 21319 T 2.8 237 14 5.8 213 13 6.1 240 3 Tk gz8 3 4,2
M |3o-39] 3a1| 27 7.8 | 338| 23 6.8| 355 18 0. 5| 343] 0 a.zftanr | n 5.6
40-43 304 i0 7.6 388 44 P11 390 45 11.5 392 38 g. 711574 157 10.0
% |50-s8| 202| 45 |22.3| 201| &8 |z3.8| 200| 42 |2v.0| 202| a1 |ts.3| eos| 186 |20.6
HIROSHIMA 60+ 64| 26 |40.8| 65| 27 Jar.s| s2] 31 Jas.3| ss| 3o Jas.2| 261 | 11a4 a3
& TOTAL | '
NAGASAKI s |199z| 156 7.8 1991 | 178 | 8.9 1985] 188 s.sfrses| 134 | a_rlnsr | 638 .0
gk . 58 0- 8| 243 4 1.6 243 o o 245 1 1.2| 247 o |o |ase| 73 0.7
10-1a| siz2| 13 i.8| a10| 18 2.2| so7| 2« s.0| s23| v | 1.3]s256 | e 2.0
20-29 | s30| 14 2.2 s28] 15 | 2.¢] sas| 12 2.0| 613 s 0.7 2508 | 28 1.8
F 3p-38 5086 L) 3.4 504 21 4.2 =111 24 4.7 S06 14 .8 |202% 78 3.8
4D-28 507 s 6.9 507 3B 7.3 504 32 6.7 s10 21 ¢.1 2028 128 .3
“ 50- 53 211 28 13,3 211 23 | 2 [ 212 25 11.8 204 22 10.8 B3s ‘D& 12.4
50+ 22| as [as.o| 91| a3 Jer.3| 3| 3e Jer.e| ss| a3z Jaz.a| 372 ] 1es |aoon
“';*“' 3001 | 146 | 4.9 |2988 | 158 5.5(3005| 162 | 5.4 |aon3| 1es 3. s[iz008| 576 | 4.8
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TABLE 5 MEDICAL SUBSAMPLE, NUMBER OF DEATHS 1850-58 BY CITY AND EXPOSURE GROUP

£5 HEH, ECH, BERX S5, BEF#AEBEYr 74 TN, B, BE

YEAR OF DEATH HIROSHINA 58 RESASAK) K b
K EXPOSURE GROUP B 57 TOTAL | EXPOSURE GROUP AR X 57 TOTAL
1 2 k1 4 11 1 2 3 4 g
1a50-1852 41 70 67 31 209 21 25 24 21 g1
1953-1954 57 15 58 41 232 15 23 17 1 66
1855- 1856 53 66 71 53 253 27 16 25 26 94
1957-1958 58 47 53 47 208 19 20 14 8 51
TOTAL 3t 220 258 250 172 00 82 84 80 66 312

data on these causes of death were examined
in relation to the year of death. For
tuberculosis the assumption is not borne
out, the 13 observed deaths in group 4
being distributed over time in the same
fashion as the other three groups combined.
However, group 4 has far too few tuber-
culosis deaths in comparison with the other
groups as may be seen from the following
totals: i

GROUP

ERC2ERMNRF LA, COoOBMBIRAEL L
FAVOBLOEHEEC L, WtFELHETRE
Lt 3B 0&EBECH DY 5, LEOREFE
BThrdtVIEEREGIZEIFTRE, S 2.
BABGOEBECHEI TR IR TS oFF L
NiEadrzdbuzHFHFIZEHENS.

>

g - 1 2 3 4 TOTAL 3F

DEATHS FROM TUBERCULOSIS #HEEFECEH

Deaths from all malignant neoplasms
except leukemia, on the other hand, do seem
differently distributed in time for the
exposure groups:

DEATHS FROM ALL MALIGNAMT NEOPLASMS EXCEPT LEUKEMIA

(1ML LE Ak o AR B (2 & AFECH

These data are quite suggestive of the
waning effect of secreening.
then arises:

The guestion
What is to be the role of
group 4 in the analysis for radiation
effects? Mortality effects attributable to
the screening influence of migration, or
to other differences in the life histories

22 38 28 13 101

— 7, P Lo BRI kA FEC R
OERMN FAG L, BBk - TH U TA W

GROUP I — 1-3 AVERAGE 4
Fl1—M3aMoTty
1050-54 24 8
1955- 58 22 22
FidofiRihodbal tiBa4BEI ML
Y TANTHESEI DAL HEHOEEZ
M+ AL TEABFEALERAZLTYS

rEBIFLETRELS . BABEEAET

bazk, :-BEOEISENFR, TVWEILN
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of the group 4 subjects are extraneous to
the radiation group comparisons. In the
belief that Hiroshima group 4 is below
expected mortality for Japan for reasons
having nothing to do with radiation the
decision has been made to exclude it from
the radiation comparisons. In the period
after 1958 it would be hoped that any
selective effects on the mortality of
group 4 would have diminished to the point
that it could be effectively used to make
the group comparisons more sensitive.

With the elimination of group 4 there

T —

FECIHEL2 NIFTE0LELIGR, COREIL
ERBMHORB IV ENZVWEOTHL. LS
BABOCHIHA2EOPHIECE S, 5 GHE

LAEMBFME DDA v SEHETHO B - R
BTHELEIDILYTES. LEHFH>TZIO
HraiilolEsr s &2 LA, B4 E
PEAETHALHDICHEIIRIFLLEE L1938
ELL R U, ISR IS HIRTRR o 3R 4 Ho s
icfxlcaio &R 9.

N A
remain 974 deaths in both cities combined, BAWERAT AL, RUBHTGHET
distributed as follows: 974l & 4 5.

EROUP F — 1 2 3 TOTAL
HIROSHIMA ILE 220 258 250 728
DEATHS 1950-58 FEC-# NACASAK] fif 82 84 80 245
TOTAL & 302 342 330 874
These differences, of course, are L HEAA, BB OREL LTI LE

in no sense suggestive of a radiation
effect, for in each eity and in both
combined, the three radiation groups
are quite homogeneous. It may be recalled
from Table 3 that expected deaths are
substantially identical for all three
groups within each city, reflecting the
fact that the age and sex distributions
are the same. Counts of total deaths are
therefore directly comparable.

Since there is a large variation in air
dose within 2000 meters of the hypocenter,
exposure proups 1 and 2 were further
subdivided into those exposed within 1400
meters and those who were between 1400 and
2000 meters.
to persons exposed either in the open or in

The analysis was restricted

Japanese houses of light construction.
Present estimates of the attenuation
attributable
houses indicate that for the great majority

to shielding by Japanese

of persons so protected the radiation dose
was equal to the air dose at 70-110 meters
beyvond their location. Moreover,
the air dose (gamma) in Hiroshima at 1400
meters (about 120 rads) corresponds to the

actual

HLAGEBLSNLZ Y, BFMCATE, @itz
GHETHTEIFMBOMIZEY L v, il

2AB L, 3IWOMLFEMMEATRLIZLSE)
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WL Hl A 6 2000m OMT 4 HiBEIZ £ - TZEH
BREARLZELZLARAL-TVR20THLIBS L
U 2 B4 X 5121400m kil o piRE &, 1400—
2000m O LHEH & IZHIGr LA, BRHT IS BORREEFSE
Tz ALloHARKROPIZVELDIZRS
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Nagasaki air dose at about 1500 meters.>0

The cut employed is therefore rather crude,
vet seems useful since, despite some
overlap, it distinguishes a group of
persons almost all of whom received 80 rads
or more.

The data were examined in detail by city
of exposure, age, and shielding category
without uncovering any statistically
significant evidence of a relationship
be tween distance from the hypoecenter and
mortality. Table 6 and Figure 1 show
the data in summary fashion. Total
mortality is seen to be quite homogeneous
by distance for persons under age 50 ATB;
for older persons there is a small excess
of mortality among the more heavily
irradiated. None of the differences,
however, is statistieally significant.

-

(Hv=—8) 138 120rad ThH-T, EWHOD
1500m (2H 0 3 ZEfhRBICAE—FHT3.2 LT
DRABWRPPREPTH B, 80rad 313 %
N LRI EBE - EDHIZILTVIDOTCHEICTE
2. £55A0rad I TFTH3D21400m kRiBED
Bl EXHOBG0E L ETRENES.

SRR A, RN, ERSEN CFME LR
Wi&fT%Z 77 BULA»onlELECENH
LHELHEGIYBETCE L . BIFTO#ER2
BIELTRTE, 6RUM1 0N TH5. R

HREE O 1E #5 AT 50 F LLF 0 # O FELC 32 (4 B e 1 12 2

TEHEEA 4, 50FL Lok, kRoRsEz 2
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TABLE 6 NUMBER AND PERCENTAGE OF BEITHS 1950-58, PERSONS EXPOSED IN OPEN OR LIGHTLY SHIELDED,
BY SEX, AGE, AND DISTANCE FROM HYPOCENTER

#6 FHEIVEERORBIEORCHLESFE, &, 6, BLH 5 OEEN

MALE % FEMALE %

AGE ATB 0-1399m 1400-1993m 0-1399m 1400-1938m
BEEEE | wo. [oeaws | o [wo. [oeamws] o [wo. [oeawus] o [wo. Joeams|
DFER | gt | Rl Bt | ®C my | " wE | FEe

p-13 | 702| 21 3.0| s83| 14 2.4| sso| 14 1.6 ] 756 11 1.5
20-39 | s518| 27 5.2| 430| 28 6.5[1038 | a2 a.1| ass| 17 1.8
40-48 | 3391| 38 9.2| 301| 27 g.o| 491| 27 5.5| 472| 40 8.5
50-59 | 186| 41 22.0| tse| 28 |18.8| 200 a1 15.5| 196| 20 [10.2
80+ 64| 29 |45.3| 56| 17 |30.4| BS| 36 [42.4| B4| 31 |36.80

The present data, therefore, offer no
substantial support for the hypothesis that
radiation exerts a considerable influence
The
small.
Moreover, the particular segment of time
(1950-58) may be too early to allow the
expression of conditions with long latent
if the
present data do not confirm a general
mortality effect of radiation

neither do they refute it.

on mortality from all causes in man.

present samples are, of course,

periods following exposure. Hence,

in man,
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FIGURE 1 PERCENTAGE OF DEATHS 1950-58, PERSONS EXPOSED IN OPEN OR LIGHTLY SHIELDED,
BY SEX, AGE, AND DISTANCE FROM HYPOCENTER
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DEATHS BY CAUSE JEFEBIFE T &L
It has been noted above that cause of
death is derived from the death notice and FEREIFECEL LKA, R —F4 » 7
that official Japanese vita? statisties BEEEARH LASGHAH A, LEd o T,
procedures are used for coding cause of ;
death. Hence, it is possible to compare RAEBRBEMOCAHT BT 22008 L L

observed mortality from specifie causes
with expectation based on data published by
the Ministry of Health and Welfare,

internal

as a

supplement to comparison of the

eXxposure groups. Despite the general

agreement already seen between observed

death totals and those expected on the

basis of Japanese national statisties, it
is perhaps too much to hope that the
agreement will extend equally well to

individual causes of death,
There may well be

even apart from
sampling errors.
geographie differences in cause of death
(apart from radiation effeets), in level of
medical care, and in recognition of the
underlying causes of death.

of observed and expected deaths by

The comparison
cause,
serve to introduce

therefore, can merely

the internal, exposure group

inference must ul timately

comparisons

upon which rest.
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TABLE 7 MEDICAL SUBSAMPLE. NUMBER OF OBSERVED AND EXPECTED DEATHS,
BY CAUSE OF DEATH AND CITY OF STUDY

kT FRMBERCHLMBECY, BEFSEY 79 70, B8, E6

| 3 B 1
se_coo SARE BE ARk ] HIROSHIMA [5G NAGASAKI 8
ms}‘.ﬁaﬁ 5 ¥ [ DSSERVED |EXPECTED|RATIO OBSERVED EXPECTED |RATIO
Ll | | WREHR HEFF 8 e i MiFst | H#E
001-019 | TUBERCULOSIS B | 1o Bt.2 | 1.85] &8 18.4 | 3.70
020-028 |SYPHILIS &% 3 3.7 | 2.43! 2 1.1 | 1.82
030-138 |OTHER INFECTIOUS AND PARAS|TIC DISEASES - . 5
(o 15 i 635 & o 06 o el oA . 54 2 6.8 .28
140-205 |[MALIGNANT NEOPLASMS ML BT | loa 101.8 | 1.92 36 <1 P 1
210-238 |[BENIGN NEOPLASMS RSk et ) | 10 6.6 1. 52/ 3 2.0 1.50
290-293 |ANEMIA # m . & | 1.8 | 3.18] 4 -8 s 5y
| YASCULAR LESIONS AFFECTING CENTRAL NERVOUS | I
330-334 SYSTEM 124 | 1581 .81 35 47.9 | .73
R MEFORTHS | 1
'HEART DISEASE (EXCEPT HYPERTENSIVE) ' | |
410-23¢ X £ s > ‘ . »
0-434 | %S (RAELURESSER) o ! iRl % Shedi) M
| HYPERTENSIVE HEART DISEASE AND ALL OTHER !
440-447 |HYPERTENSIVE DISEASES | 12 | 11.8 1.01] 8 3.8 2.50
| GMIE S & B BEMECRES |
| RESPIRATORY SYSTEM DISEASES EXCEPT
470-527 | TUBERCULOSIS 33 60.8 . 54 8 18.3 .60
IF- 0k 5 5 0 1 A
ULCER OF STOMAGH AND DUODENUM
- i \ i ; o - 1
SA0-S4L | W R Bk O R : by R R o
543,  APPENDICITIS, GASTRITIS DUODENITIS,
550-553, GASTROENTERITIS AND COLITIS 18 | al.s 48 8 1.3 71
571,572 . e s : o
. MEK, WRF A, MMEWERL I UARE |
|
590-534 |NEPHRITIS, NEPHROSIS T #&, WREL | 28 | 2851 1.04 10 7.8 | 1232
|ACCIDENTS, SUICIDE, LATE EFFECTS OF WAR i [
800-353 | AND HOMICIDE | 88 | 715.7 .90 33 22.9 | 1.44
| B&, BE, RSF0BERLICME |
JOTHERS Z 0 fh |- tgm ] 2miem | oy 71 76.0 .83
ToTAL 3t | soo | wsos.0 | .ss| a1z 274.0 | 1.14

Table 7 distributes observed and expected
deaths by causes for each city. It will be SERB M M ERERT ERTOMY

seen that the ohserved deaths are above G ngepe 3 e - >
T . PE LB ), BT R & Ao
expectation for tuberculosis (particularly Qi #H& (BERE), ks URLOR

in Nagasaki) for neoplasms, and for anemia: T L 0 S O AR R O MATEE, L
and belew expectation for vascular lesions fE a5, ﬂ}-ﬂ&ﬁ%;ﬁﬁe@\ BEUREOHIBLRER
of the central nervous system, heart o e

. el 24 dih n oA
disease, diseases of the respiratory DBBEIEIMFAL D P H.

system, and certain diseases of the
gastrointestinal tract.

ACCURACY OF DEATH NOTICES AS TO REPORTED RTEHEELOREOEREE
CAUSE OF DEATH

It is well known that the cause of a2l SR ARIEETHEAMOY 24D

death as reported on the death notice Lh.BE B AR A RN TS 2 E AL
is sometimes, even often, inaccurately

e
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stated.nﬂ’ng
numerous errors as to cause of death.

In the presence of relatively
3 2
would be naive to accept at face value any
conclusions as to possible relationships
between prior exposure to the atomic bombs
and later mortality from specifiec causes.
However, valuable insights may be gained by
examining reported cause of death in
relation to radiation. 1t may with reason
be supposed that the relative accuraecy of
death notices depends upon the true cause
of death: for some causes accuracy will be
high, while gquite low for others more
difficult to recognize clinically.

At ABCC, studies of the problem just
stated are in progress. A first report
Stone and Anderson on the comparison
death notices and autopsy diagnoses
Hiroshima is presently available as an
internal Technical Report.40 These authors
were able to utilize a series of 1163
autopsies performed in Hiroshima by the
ABCC Department of Pathology: corresponding
death notice was available for each one.
The period covered was 1949 through 1959,
essentially the same as in the present
s tudy.

Unfortunately, as is usually the case
with autopsy studies, there is room for
doubt as to the representativeness of
the ABCC series. Sinece the autopsy
rate in the entire mortality sample is
only about 5 per cent, there is ample
scope for selective processes to function.
That such processes are indeed at work is
pointed out by Stone and Anderson and
exemplified by the percentage of the
Hiroshima deaths occurring in hospitals—-
22 per cent for the medical subsample
compared with 50 per cent for the autopsy
series. One can only speculate about
the proportion of the deaths for which
the attending physician felt relatively
confiident of his diagnosis, and hence was
willing to submit it to review, and the
proportion which presented diagnostie
problems. Stone and Anderson present a
variety of other considerations to show
that the representativeness of the autopsy
sample is open

to guestion. However,
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the authors point out that the cause of

death reported on the death notice was
uninfluenced by
that,

the autopsy findings so

for their sample, a valid comparison

may be made of autopsy diagnoses and of
causes of death appearing on corresponding

death notices.

Stone and Anderson compare the ftwo
kinds of diagnoses in terms of errors of
omission and commission on the part of
the death notice. The particular indexes
which they use are called correspondence
for errors of omissien and correspondence
for errors of commission. The complements
of these percentages are the proportions
missed and erroneously diagnosed on the

death notice. Their summary table is shown

OFERTHBEHRELZAS
VWIDTHBEEIZES L
IMRET H A.

Stone & Anderson |T%E1C 2 WI“;’PG’)%U %,
HOBEBERELTEWMLEBE L 28BS TH
6&5?&6tﬁﬁbk$%kmzouﬁﬁf.
MM R e L. 100%h 562K EERE
LT LEA#AEG:25lvAEdn e, £ 100%»
LB-THEBATHILZ2WLREEIIVE
Lo RE LTHERLE. BFOERE

below: BEFTILMNEIZRTEY TH 3.
PER CENT AGREEMENT
DIAGNOSTIC GROUPS —Fr¥
i oy oB CORRESPONDENCE FOR| CORRESPONDENCE FOR
ERRORS OF OMISSION |ERRORS OF COMMISSION
" BT IR & A ME ELY e L
ALL NEOPLASMS 4 3 'E B4.0 92,1
LEUKEMIA 1 4% 87.0 B5.6
MAL IGNANCY, STOMACH HoEERE 63.7 87.17
MALIGNANCY, UTERUS FENENEL 86.2 B6.2
MALIGNANCY, LUNG HoEfEEs 52.0 70.3
ALL TUSERCULDSIS HL5WAENEH 59.4 12.3
OTHER RESPIRATORY SYSTEM BRI OFREGEES 24.5 30.0
RESPIRATORY INCLUDING TUBERCULOSIS #HEZSCHBEREHD 57.1 56.17
EASTROINTESTINAL TRACT HREER 51.5 38.56
LIVER AND BILIARY fFREUEBOKESE 41,6 7
RENAL DISEASE i £33 40.7 39.3
CENTRAL NERVOUS SYSTEM R AR R R 17.8 54,5
CEREBROCARD |OVASCULAR i o i, 49 45 48 66, 7 50, 4
INFECTIOUS AND PARASITIC (R 49w 3 & UFAF R i 20. 4 41.0
HEMATOPOIETIC i 3 o 45 A 56, 0 48.3
ACCIDENTS AND SUICIDES LT S alEh g 44,8 §6.5

dea ths due
to autopsy also
to neoplasm on the death
all deaths attributed to
the death 92.1
per cent were confirmed by autopsy. at

Thus, B84.9
to neoplasms

per cent of all
according
were attributed
For

by

notice.

neoplasms notices,
least to the extent of judging that the
cause was a neoplasm. As can be seen from
the gquoted table,
varied markedly with cause of death, and,
in general, was better for hroad diagnosis

the aceuracy of diagnosis

groups than for more specifie categories.

HBEI T THs 200 3 58.9%
BICZENETERLCZHTH - 2. FECZE
B LOREIHEMTH - 2FO b EHE
CLliug, SROERELFEM T 2L 012
R.A%IE L5 oECHLILZE I, Z2H
OIEEHEIFEROMBEI-E -, THELL B, £
RIS L ARV BMA LD KED

LaMERVL LS, —HTATLEHRT
& 5.



It is clear that if one is satisfied to
classify a death as resulting or not re-

sul ting from a neoplasm, death notices are
satisfactorily accurate: one misses about
15 per cent and includes erroneously
about 8 per cent. For leukemia, a subject
of diligent and close inquiry in these
two cities, the figures are egqually good
as they are, too, for malignancy of
the uterus. However, malignancy of
the stomach seems less satisfactorily
reported. It is perhaps surprising that no
more than 63.7 per cent of such neoplasms
should be correctly reported on the death
notice, since this is well known to be
the commonest form of malignancy in Japan.
On the other hand, comparatively few ——
just over 12 per cent of the cliniecal
diagnoses of stomach cancer made -- were
incorrect. Malignancies of the lung were
identified on death notices only about half
of the time.

-

Without discussing in detail the other
diagnoses, the generalization may be made
that the rates of error are, on the whole,
disquietingly large. For many classes of
disease it seems plain that errors of
diagnosis will tend to blur the view of any
possible relationship with previous
radiation.

Notices reporting death in hospital
and notices reporting death at home
may vary characteristically as to cause
of death. These two sources also may
differ in relative acecuracy. Therefore
it is reassuring that the proportion of

FEHREHEMAEL KN F 223 CiHlES
545, ECEH MO IEEE I THE. +
hbt, RELOBVIENISYG, BRoTHEME
ZHT 23BN R8BI T E L. AMBKIZHOW
TRHEELHAEFHTCITLbh TV 3 EREE
Bho#HEMEAREIZEL, FLAFE0EHRE
WOIEBIELFRRIZRFTHS. BOEERED
EMERLFLETSTIRLZY. HETIEOE
HHEmERd WE L BEMEBE T i P D
S5TFEREHAIS A2 HEN63.7% L »RC
ZEHECHOBEMEM LTV 2L,
NW3EHCH T L TH2. —HEETLEVE
DAERZIFTCHETHAI LR TEHLAELD
312% %P L LE3. ECEWHE LItk
B EAEMEHS A A BIRRR E 3L 7=

—REiznw s L, TOLWOFELROBELE L
MRFT s TELLL, BLEFREESE2H
v, BEHOBD NSO REHBLOBEGES
BETE2VHRLELNYS I LIIHLT S 5.

WIENTHC LA EKENTHECLAELD,
FELLWF M IZ M8 LT h 25K o ERETED & A7
IR & e, & & VI HIRTEO Mz &1 2 #EEN
RO A EN A D IO T &R

deaths in hospital shows no statistiecally Lo,
significant variation between cities or
among exposure groups.
HIROSHIMA [ 5 NAGASAKI FiF
GROUP BF — 1 2 a 4 TOTAL .1-r| 1 2 3 4 TOTAL 3
TOTAL DEATHS &FCH 220 258 250 172 00 82 B4 80 66 312
IN HOSPITAL % #MFEMNIEC% 25 22 20 19 22 21 14 16 17 17
Cliniecal information available in ABCC Ridin:, ABCCli, EBWCEENY, Eis

could not be exploited to further illumin-
ate the accuracy of reporting of cause of
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death, despite the fact that for one-fourth
of the deaths in the Hiroshima subsample
and one-seventh in the Nagasaki subsample
elinical records were available at the time
The recorded clinical
examination seldom seemed pertinent to the
presumptive cause of later death.

of analysis.

Similarly, information from the death
notiee as to contributory ecauses and
compliecations has not been utilized in this
first analysis (Appendix V).

COMPARISON OF EXPOSURE GROUPS BY CAUSE
OF DEATH

It may be supposed that one effect of
radiation upon subsequent mortality is to
change the distribution of deaths by
cause and, hence, to alter cause-specifie
mortality rates. Thus, mouse experimentsz5
have shown that substantial single dose
exposures to lonizing radiation have the
effect, not merely of shortening the
animals' lives, but of profoundly altering
the distribution of causes of death between
exposed and control animals. In the
population here being studied,
-10 have documented amply the fact
that those survivors exposed within 2000
meters of the hypocenter (groups 1 and 2 of
the present report) have had a markedly
While
the present data plainly are too scanty to
support a very deep analysis of particular
it seems important to
examine at least broad groups of causes,
together with certain individual causes.
Accordingly Table 8 shows the numbers of
deaths observed in the four exposure
groups, by selected causes and ecity.

numerous
report34

increased incidence of leukemia.

causes of death,

LEUKEMIA

The most striking finding is the very
large frequency of leukemia deaths in
group 1 and, to a lesser extent, in group 2
as compared with groups 3 and 4. In
view of the previously cited reports

relative to the leukemogenic effects of
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TABLE 8 MEDICAL SUBSAMPLE. NUMBER OF DEATHS BY

SELECTED CAUSES, CITY, AND EXPOSURE GROUP

£8 MPEERMFECH, HBX A, BRE#EES 74 TN KL, ik

HIRDSHIMA /4.7 NAGASAKI s
1SC CODE CAUSE OF DEATH EXPOSURE GROUP EXPOSURE GROUP
[ P2 £ A % W B 5 pt #1805 ot
S EALE | i 2 3 4 1 o T
001-019 |TUBERCULDSIS # B 22 | 38 |28 | 13 | NS | 15| 22| 16| V5] NS
020-028 |SYPHILIS . = 1 4 2 R AR
|0 THER INFECTIOUS AND PARASITIC DISEASES |

o = & " - | =l -
030-138 | okt : UFERS o i £ ()RR R e O

204 LEUKEMIA E & 20 | 4 1 1 | e s| 1| -| ~| mus
140-203, |MALIGNANT NEOPLASMS | | '

205 | EiEw L a8 | 48 | 42 | 31 | ns 7 v| sf sfns
210-233 [BENIGN NEOPLASM RIE# M 2 Tl B 2 [ s | -] o] | 1] s
290-293 |ANEMIA £ m 4 Tl ) L e i [ S S

VASCULAR LESIONS AFFECTING CENTRAL NERVOUS | | (=
330-334 |SYSTEM | 31 37 is 31 s | 11| 8] 18] 5| NS
| hERBESOREHIE | |
HEART DISEASE (EXCEPT HYPERTENSIVE) _ i
410-434 3 = o s , 1 1 1 | ! i
CRES (BREECRESER) Rl Bl Rl i il b i) e s s
HYPERTENSIYE HEART DISEASE AND ALL OTHER I | |
440-447 HYPERTENSIVE DISEASES 3 2 | 3 {ms | <| 2| | 3| ms
| EMIE 2 & O T LRES |
RESPIRATORY SYSTEM DISEASES EXCEPT - | | |
470-527 | TUBERCULOSIS 6 | 1 11 | 5 | NS g 1 al 2, ns
SRR F O | * |
ULCER OF STOMACH AND DUODENUM [ . i

40- 541 : Agisges i | IN 1 - [

S40- 54V | i 22 & U+ BRI A8 8] 2| 3| 1| ows

543, GASTRITIS, DUODENITIS, GASTROENTERITIS i ' !

571-572 |AND COLITIS 4 2 7 2z | N8 | -| 3| 1) 4| ws
Wk, s, WEERE X UREER ! .
590- 534 |NEPHRITIS, NEPHROSIS e, HRER 4 12 7 3 NS ! 3 4 2| NS
|[ACCIDENTS, SUICIDE, LATE EFFECTS OF WAR
B0D-938 |AND HOMICIDE 17 | 2w || e | vy ) NS T{ 7| 8| 11) NS
dilfe, HEL, RS OERE S S UHR
OTHERS # O a6 | 44 | 58 | 45 |[suce [ 19| 20 19| 13| NS
TOTAL dt 220 [258 j250 [172 82| 84| 80| 68

tResults of X% test on exposure groups 1, 2, and 4.
w1, 2, 3MMo X wEofsRERT.

the atomie bombs, an important validating
technigque for the mortality study is
the degree to which the data correspond
with the previously well established
knowledge. From this point of view,
it is useful to compare leukemia rates
calenlated from the present data with
corresponding rates based on the data
presented by Brill et at.ln
exposed under 2000 meters, Brill et al

For persons

do not show separately the rates for
those with and without acute symptoms of
radiation injury (corresponding to exposure
groups 1 and 2 of the present study).
Therefore, for each body of data it seems
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See footnote Toahle 3.
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most feasible to calculate simply the rates
for persons exposed within 2000 meters and
for those exposed bevond this distance.
This is easily done for the data of Brill
et al from their Table 2.
study, it is necessary to take into account
the stratified nature of the sampling:
exposure group 1 consists of all persons
who satisfied the criteria for the group:

For the present

but exposure group 2 represents only a
portion, the sampling ratios being 19.3 per
cent for Hiroshima and 31.0 per cent for
Nagasaki. These sampling ratios then may
be used to inflate the observed numbers of
leukemia deaths in group 2 to the estimated
total numbers which occurred in all persons
exposed within 2000 meters and eligible for
who did not

manifest acute radiation symptoms. The

the mortality study samples,

calculations and comparisons are shown in
Table 9. The rates, particularly for the
two cities combined, are remarkably close
considering the very small sample size-~of

the present study and other differences

TABLE 8 LEUKEMIA INCIDENCE AND DEATHS.

TL4bs, BI8-Yy 7 oiitoitaEr-s 5
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COMPARISON OF LIFE SPAN STUDY AND LEUKEMIA STUDY’B

BY CITY AND DISTANCE FROM HYPOCENTER
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STUDY CATEGORY

HIROSHIMA

NAGASAKI BOTH CITIES
LE ] i ii

FR K 5

EXPOSED #EiR

EXPOSED i EXPOSED #ig

<2000m

Z2000m | < 2000m| >2000m| < 2000m <£2000m

NUMBER OF DEATHS 1850-58
FE L #1950 — 58
EXPOSURE GROUP | - OBSERVED
R 57 5 1 I — L% B

20
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BRI 2 B —

LIFE SPAN
HaAN

ESTIMATED TOTAL, W|THOUT SYMP TOMS
HAER ORI — Gt

20,7
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3t

40,7
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hetween the studies: one measures-deaths,
the other incidence, one relies exclusively
on death notices, the other primarily on
clinical data: one follows a fixed sample,
the other studies current population: time
periods studied are slightly different. No
doubt other points of variance between the
studies could be found. 1In the light of
these considerations, it may be said that
the result of the comparison is to make
it reasonable to hope that the present
mortality study will yield valid results
for other causes of death, as well as
for leukemia.

CANCER, OTHER THAN LEUKEMIA

The data for all malignant neoplasms
other than the leukemias hold considerable
interest from two standpoints: firstly,
the apparent deficit in cancer deaths in
the
uniformity of incidence in
exposure groups 1, 2, and 3. The first
aspect already has been discussed, and it
may be mentioned here only that the deficit
is confined to the early vears of the study
(1950-54) and seems most probably related
to a tendency for persons already in poor
health to refrain from migrating into
the eities under study. However, the
uniformity of exposure groups 1, 2, and 3:
particularly the fact that the number of
cancer deaths in exposure group 1 is eqgual
to that in group 2 in Hiroshima,
actually smaller in Nagasaki, 1s somewhat
surprising. There is ample experimental
evidence of the carcinogenic 'properties of
radiation in animals,22-23 Moreover,
according to Harada and Ishida?l cases
reported to the Hiroshima City Tumor
Registry between May 1957 and December 1958
showed a significantly higher number of

the nonexposed group 4, and secondly,
relative

and is

malignant neoplasms among closely exposed
survivors than among distal exposed or
nonirradiated controls. The present

findings, therefore, merit discussion.

The first question which arises, namely,
that concerning the basiec accuracy of the
counts in view of reliance on death -notice
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diagnoses, seems adequately disposed of
by the previously discussed data of Stone
It will be recalled that,
in the series of 1165 Hiroshima autopsies
which they studied, for all malignant
neoplasms, only 15.1 per cent of deaths
so called on autopsy failed to be so
reported on the death notice, while only
7.9 per cent of deaths attributed to
malignancy by the death notice were
considered erroneous on autopsy.

and Anderson.

Since
the leukemias comprise a large proportion
of all their cases of malignancy (more than
20 per cent of autopsy diagnoses) it might
be thought that the number of errors would
be relatively small because of the intense
interest in leukemia in both Hiroshima and
Nagasaki. However, recalculation from
Stone and Anderson's data of the propor-
tions of error for all malignancies
except leukemia disclosed that the error
proportions rise only to 18.0 per cent and
8.4 per cent. It seems unlikely that error
rates of this magnitude would obscure: any
considerable increase in the incidence of
cancer in exposure group 1. It may be
mentioned that the error rates cited for
malignaney exclusive of leukemia are of
similar magnitude to those for leukemia
itself: 13.0 per cent errors of omission
and 14.4 per cent of commission.
the instance of leukemia,

In
the present
data seem to mirror the results of more
detailed,
investigations in a reasonably faithful
way. It may be concluded, then, that the
apparent diserepancy is not attributable
to diagnostic errors on the death notices.

and presumably more accurate,

A possible explanation might be that in
man the minimum latent period for radiation
induced cancer is on the order of ten
years. The tumor registry data refer
to a period twelve to thirteen years
after the bombing, while the present
report covers the period five to thirteen
yvears after. If the presumed carcinogenie
effect manifested itself only during the
last two or three of the eight years being
studied, observation of the effect might be
masked by the inclusion of relatively
large numbers of cases unrelated to
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radiation. This hypothetiecal explanation ;m AEETE L LRG0

()

is easily disposed of by the following:

Lo L ZoR

it TR o e L TEBIIEETRA,
GROUP # — 1 2 3 4
DEATHS FROM MALIGNANCY DTHER TH&N_LEUKEMI# HIRDSHIMA AND NAGASAKI
A Bee S EERGECH, BE, B
DCTOBER 1950-DECEMBER 1955 1950410 H —19554F12H 386 41 26 17
JANUARY 1958-JUNE 1958 19564 1 H—19584E6 A 18 18 22 20
It is clear that during the later period P OHI T 4T OEEEFE CE L HEST

the counts for the four exposure groups are el s A
FOTHE LM EEY L TW

as like to one another as may be expected

. ATHOFECT

from a stochastie process; the whole BoEIZAMBIIR, THETcx 2. WM TS
discrepancy is confined to the earlier FABONEHF D ANT L IIonT ORE L,

period. Insofar as the defieit in group 4

for the early years is concerned, this has IS L@ chs. B, #2, HRUR
been discussed above. The variability in IWMoMoOZITHEFWICEECIE L v,

the counts for groups 1, 2, and 3 is not
statistically significant:

-

x%=3.40, d.f. =2, P>.10

Moreover, the variability is not of such F, HMES LI L AEREETFLE L

T E T A8, Dk

character as would be expected to result
from a radiation effect, at least if

§ B T A

leukemia may be taken as a model. ENAREM O, BBl k-, Tk E -

O EEZLAT KL TR BN
A further point that should be borne in

mind is that the tumor registry data have

to do with incidence while the present data

are, of course, reports of death. Hence o, MEEHIBAEIZNIH - T Y,
the tumor registry data will 'lead' the FAAMOMFILIE &5AATFEZHEIZE & on
mortality data in time even for fatal ) _ il e 3
cases. The amount of 'lead' will vary LihTths. HI‘E';‘;J__._[-&{‘-*EE‘J_\ £2HZL L\'i'-:{-’;%)
with the specifiec tumor, and for each Gt ERCHTRIECTEE 20 LNEMAICEC

will be the average interval between first

I ATV, FEC L
“TRITT 68 A A L IE S o Fil A

diapnosis and death.

Finally, it might be supposed that any &
carcinogenie effect would vary by site or -
that, at the least, the latent period for M ThE LW I ENTE
induction of tumors of different sites
would vary widely. It has heen remarked
above that cause of death, as given on
death notices, seems reasonably accurate

% 6 O WS O fe 41 O BRI

i
=3

D EDRE R <
|._ 2T g—% ’Q: % ?{?‘\‘,
PEIECE TOT

5DTILL v A

lefg s, BBMTHOREFS It R LT

for all malignant neoplasms, for the WAL, Abh LR oEREHOES
leukemias and for all malignancies except B ko T WA T EAERLAITA

leukemia. However the accuracy was
variable for other specific sites. Thus

%5 2 v, IR, QLS S UTRmE &



for malignaney of the uterus, errors of
omission were 13.8 per cent; while for
s tomach ecancer and lung cancer errors of
omission were 36.3 per cent and 48.0 per
cent respectively. Therefore, considerable
reserve must be exercised with respect to
interpretations of mortality from cancer of
specific sites, but it does seem of
interest at least to examine the data for
any clues that may be found. Table 10
presents the data together with the
results of statistical tests performed
on them. It is plain that for no specifie
site do the discrepancies in counts
be tween the exposure groups achieve
statistical significance. 1In fact, only
for malignant neoplasms of the bronchus
and lung, and of the uterus do the patterns
resemble what would be expected were a
radiation effect
these sites, the distributions observed
are easily accountable on the basis of
chance.

involved, and even for

-

It should be emphasized that the numbers
of deaths available
small, so that while the data are in no way
suggestive of cancer induction (other than

for study are quite

for leukemia) in the survivors exposed to
substantial doses of radiation, it is
equally true that by no means do they
demons trate the absence of such an effect.
It will soon be possible, on the basis of
mueh more numerous data,
conclusions,

to draw firmer

TABLE 10 MEDICAL SUBSAMPLE.

BRLA-EMEWE T, SECREF 2L ) ERET
HBZ ERMICELN, o EREEE B
> TENFSS. ¥4bb, FEOBUEESGORE
Lo@BRNIR1I3.8%THEA, BELIUCHETIE
T TNB6.3%, BO%TH-1. LEIF T,
BEOBNOWIIH TR, +HIZDRES
BELTUOPAOIIMIF T3 LHALETHS. &
53A, MAPOFHAINERODTILEDIZZOR
EOEBA2MIT T At EEETHS. BFEOE
LEAREMBIVCEHNBREOEREZTR T L £
100N TH3. FORUTEEBRFEROZED
EZRgiHMIcAETL L. ER, A EXELUW

HEOEGFEDHCEFI REROEENFSH 3
#m;%m&iéﬁ.:hém%ﬁuqufg,
ZOGHRELBANLENDTHI3ELTERLE
HHTES.

AEECEECE X EDHTLEL DI,
HYBROKHBEZT-BBEORCEBAFEET
A2k (AMBHERL) 27Tl IHR N
A, £r—7, AMEIS IO L LRENL
WCE AN T EL A AT ELEIZICEBELT
B EWIBIZ, S5EHOBRRERITLT
o LREFE LHEMAEMA L 12 LAV,

NUMBER OF DEATHS ATTRIBUTED TO MALIGNANCIES OF SELECTED SPECIFIED SITES,
HIROSHIMA AND NAGASAKI,

BY EXPOSURE GROUP

F10 e b o EAENES e, BB R, EepM A 7k s SOv. IRES, BwEo Gt
EXPOSURE GROUP RESULT oF x2 tEsTH
|SC CODE SPECIFIED SITE OF MALIGNANCY ﬁm[gﬂ, GROUP 1, 2, 3
bl 0 - ey e - — 3 2
[EoR el EERE 5 0 0 BERENK $1m¢fﬁ$’
151 STOMACH " 23 28 20 20 NS
156-156 [LIVER fF B 5 3 7 1 NS
162-163 [BRONCHUS & LUNG SEEXE LB 4 (] 1 0 NS
171.174 |yTERUS ¥ E 1] 8 5 5 NS
OTHER MALIGNANCIES EXCLUDING LEUKEMIA
EliME &t EnEREES 13 19 15 | 1 NS
TOTAL F13 55 59 48 37

t Footnote Table 3.
iE: ®3I
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ANEMIA ' I

Although the number of deaths attributed
to anemia was small, the distribution with Btz E3ECHELEW. LALESIER

respect to exposure groups, as shown in L7 ct 31z H@lxﬁ}ﬁﬂmﬂi[;ﬁﬁ:ﬂ% &. "]-I 5
Table B, is quite suggestive of a radiation "

effect. The anemias are, of course, a LRHBOEBYF H2PDEHIICRLE. £ 3
rather heterogeneous group of disorders in ABMIZIE» N RBoELYEEH, 248
which difficulties of classification =

abound. Since leukemia may be mistaken for S LALRMERYSH5. HMEE RME

anemia, it would seem possible that the MREzEhaZLtidbnitas. PEoOnFHERA2H

misclassification of but a few cases of S TEMEHB LA BIc0k 5 4%EH S5
leukemia might account for the present

observation. bhitiEZIGNS.

In fact, detailed examination of the ten

anemia cases disclosed that two leukemia EPE, RMOGHz>w Tz L2
fatalities were attributed to pernicious A, FOHS5LEBE1Ebho 1L ESE 28Tk
anemia - one case in exposure group 1

O1H, 2@z AMnS > BERMIZ L 35T

in Hiroshima, and one case in exposure

group 2 in Nagasaki. Brief details of EBRZBLTOAEZENFHBALE. fho 8H & FM
the remaining eight cases are shown in‘ B3 b 1l 3 O o
Table 11. :

TABLE 11 MEDICAL SUBSAMPLE. DEATHS ITTRIBUTED BY DEATH NOTICE TO OTHER ANEMIAS OF SPECIFIED TYPE
(ISC 282.4) HIROSHIMA AND NAGASAKI

11 mzEtczoftoRodn (EEREH S H292.4) = H 2FECH,
E4#EXES 74> 7L LS, Kb

M.F. |Z| EXP. |DISTANCE = DEATH CAUSE OF DEATH
NUMBER —|GROUP | (METERS) |cs FELS ¥ M
BABA =l g FLUP 5 Ivear| Ase [PLACE|ON DEATH NOTICE ON REVIEW BY ABCC
# B ¥ O R m ) i ERe | T FEL 35 Wi i ABCCI s EOER
092821 N[ 1 1130 |M[1as1| 51 |HOSP- iPL;:TItq ANEMIA | APLASTIC ANEMIA' BE 0K Wi !
i b AT L LEUKEMOID REACTIONZ Af1fusithhiss?
HOSP. |[PANMYELOPHTHISIS|MYELOMONOCYTIC LEUKEMIAZ
GERsEAN) o IR |F SRR TR ek LA B B N0 ER A 1 8552
WL ol ;fssmLa IRON-DEFICIENCY ANEMIA!
099740 N 1 1264 |F|1952| 22 { AT o e
W o AT ACUTE GRANULOCYTIC LEUKEMIAZ
A WO ER % 11 af g 2
HOSP |APLASTIC ANEMIA |[PANCYTOPENIAZ
im0 o W TT0 [FIT8ST) 5% BMRRM |0 iR G
MYELOID HYPERPLASIA OF BONE MARROW
233107 H| | 1762 |M|1854| 5o |HOSP. |APLASTIC ANEMIA |\or™ cyxeMiA OR RELATED DIAGNOSIS?
i BE ERR R M Mt Ml e s s MRS T L
HOSP. |APLASTIC ANEMIA |ACUTE LEUKEMIA UNSPECIFIED TYPEZ
zuasalu 1 1104 |F[1851) 14 . ERERD F5 0 o0 B e
| ANEMIA FROM .
265743 H 1 1570 |F|1954 51 HOME [ATOMIC BOMB NO REVIEW RHLLw
KE ERizr5HM
HOME APLASTIC ANEMIA NO REVYIEW B LLn
4ao4asin 3 3040 |M|1es6| T2 |oo ety
1 Patient examined ante-mortem at ABCC. 2 Slides read at ABCC. 3 Autopsy performed 2t ABCC.
ABCCIzHVWTHUMIZBEL2LH. ABCCizswTHIER £ ABCCi zbuTHBLLERE.

ZI734 FERFLLELOD.
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As can be seen from
the last two cases

the table, for
(265743 and 430436)
details are so meager that it is impossible
to say anything about the true cause of
dea th. Three of the cases (N93189,
099740 and 244696) were adjudged to
he leukemias on review at ABCC, and have

been so reported in publications on

1enkem1a.ﬂ’g Only three cases remain for
which slides were studied at ABCC, and
whiech were not considered leukemia, but

ins tead Leukemoid
Pancytopenia and Myeloid hyper-
plasia of bone marrow.

all in exposure group 1.

were diagnosed as
reaction,
These persons were

It is
to come to a judgment on the basis of so
few cases, but they do serve to direct
of whether
an increase in blood
It will be
interesting to see if this suggestion 1s

impossible

attention to the guestion
there is, in fact,
dyscrasias other than leukemia.

strengthened by studies of larger numbers
of persons, but a definitive answer must,
of course, come from detailed elinical .and
pathologic studies. '

In summary, it can be said that the
present data accord very well with the
previously known and well established facts
regarding the occurrence of leukemia in
survivors who were exposed to substantial
There is,

in this material that other

doses of radiation. however,
no evidence
forms of malignancy have been increased.
that fatal

blood dysecrasias clinieally resembling

There is at least a suggestion
aplastic anemia have been caused in
a few survivors, but the relation between
this finding and the known leukemogenic
properties of radiation is not clear.
There is no evidence whatever of a relation
between radiation and any other cause

of death.

SUMMARY

The TLife Span Study is designed to
evaluate the late mortality effects of the
radiation and other trauma received by the
survivors of the Hiroshima and Nagasaki

A-bombs, The sample consists of about
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100,000 persons, including those exposed
near to ground zero, persons exposed at

such distances from ground zero as to
guarantee that little radiation was
received: and nonexposed immigrants to the
cities.
selected from supplementary schedules for
the 1950 Japanese National Census, while
the nonexposed comparison group was
selected from ABCC sample censuses, from
local l1istings based on the 1950 Census
(Nagasaki) and from the Hiroshima 1953
Daytime Census. It is hoped that by
using for the sample selection specific
listings prepared in the period 1950-53 the
experience since 1950 can be studied.

The exposed survivors have been

Followup has been pursued vigorously,
and only a small fraction of the selected
Mortality
information is secured by utilizing the
regular Japanese reporting systems under
special arrangements concluded for this
study by the Ministry of Health and Welfare
with which the study is jointly conducted.
Primary notice of death is obtained by
consul ting family registers, while detail,
including the attending physician's
statement of cause of death, is obtained
from the Vital Statisties Death Schedule,
an abstract of the death certificate which,
in Japan, serves as the basis for mortality
analysis on a national level.

study population is untraced.

A subsample of 20,000 persons was first
prepared, as the basis for the ABCC Adult
Health Study and mortality data for this
subsample (Selection I) are now available.
The emphasis of this first analysis has
been methodological but the exposure groups
have been compared as to death rates from
all causes;
from groups of causes.

from certain major causes:; and

The nonexposed group seems unsatisfactory
as a control, at least for the period in
since it is characterized
by abnormally low mortality inm relation
to both the exposed survivors and the
Japanese population generally. Deaths from
tuberculosis and from cancer are notably
There

ques tion,

deficient in the nonexposed group.
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is some suggestion in the data that the
nonexposed group is favored because of
explieit or implicit previous medical
screening (medical selection by the
military, self-selection of migrants) and
for ecancer, at least, the differential
seems much less important during the later
years than during the early part of the
followup period. For the present report,
therefore, reliance has been placed on
comparison of persons exposed at different
distances from the hypocenter for the
detection of radiation effects. It may be
hoped that the influence of screening will
diminish in future years, and that it will
be possible to employ the nonexposed group
as a valid control.

No evidence of higher general mortality
was seen in the more heavily irradiated
gZroups. When mortality from specifie
causes was studied the well known leukemo-—
genic properties of radiation were clearly
reflected, but for no other causes-of
death were radiation effects seen. An
apparent effect in the area of anemwia
seems, at least in part, to result from
diagnostiec difficulties in the blood
dyscrasias, inasmuch as some leukemias were
so classified. It is also possible that
for the blood forming organs the effects of
radiation go somewhat beyond the production
of classical leukemia.

More intensive study of a very much
larger body of data is now under way.

36

OEE, BHCHELTRI 2 CHEE DLV
it lMbhz. LedsT, SHo@E cidik
SROWBERHATI12672 -7, FEBERE
EETRL S 2 HEoRBREMokBE T 2L
ELE. BRI, Yy TLOBIROBENEDL,
FERBL Iy fo—E LT+ adlTES &
LS ER 2

FROMMBEZTABORCESFFIEGL
EVIMRBGBMETE L . FERMICTECE
A5 E, MEBRFOAMKEEZERS 2 &5 A
ODHRBABEASEWMEAICTELY, 20O
DFEHEIZODVWTHHBROEELZEHBIENT
st ROATREEF S -LLH3CRAE
#F, THhHIZM@EFROZHAFAREL - HICEELE
OEBEbLhAS, AMFAIArARMOPICHFEEATY
FoedotMisrTHS. LH5HA, BHEHEN
M fEm LA nic, Adsblibc & E2 LA
HEDEVHAREMS S 3.

ML - L KRBZAEBIIDLWTHEESRD
ZEEBHTHS.



APPENDIX |
T & 1

MORTALITY AMONG EARLY ENTRANTS
FRETERCHANASTELAORELE

Persons not actually in either ecity ATB
are placed in exposure group 4 regardless
of how soon they may have entered the city
after the hombs fell. In view of the
possibility that some early entrants may
have had significant amounts of radiation
it is important to compare them with others
in group 4. The early entrants are defined
here as those entering the city within 30
days after the bomb. 1In Hiroshima 590 or
17 per cent of the group 4 subjects are
classified as early entrants. In Nagasaki_
these figures are 194 and 12 per cent.
Unfortunately the age distributions of
early and late entrants are not homogeneous
except for Nagasaki females, so that
age-specific comparisons must usually be
made., Table 12 provides a summary of these
data and suggests no basis for concluding

BRREFICIERS L UREHIZERIIVWE 5
ZZNEE, BERETHRUANIIFSLGHANASTE
T, BRESTAY CGEEEH) o873
Lzl HRETEEZICHFANATELLD
(UgHRMATFREVY) o2 d,I2iE, 500
HEZZULAN VS LA LV TRBAT
BEFAHO IOy e BT A2 LHFVE
b LT 5. ABETERYMATE ZEEEI0
HBUNULZAFLEZELER LA, EBTIE 5908
TLAbObLEBAHDOITS Y, BT 1ML T4H
512% A MA/HIHICEN TS, RECLT, B
MAFESIUHLZEOFNIZASLZED (8
HMAHA LV ) OFERNEA RGO ZEE KRy
THHF T30 T, MMM E®EETL
FTUEFS S, MHBEUVBBHATEIIOVT

TABLE 12 EARLY AND LATE ENTRANTS. NUMBER AND PERCENTAGE OF DEATHS 1950-58
BY AGE, SEX, AND CITY OF STUDY

£l2 WML EUERMATA, SRCHEETE, T, 15, 1950—5684E. KM, FKiF

ety lsex| age atp |EARLY ENTRANT SHHAG# |LATE ENTRANT I Al # pt
¥l e | SR NUMBER | DEATHS % NUMBER | DEATHS %
I s ol £ FECH 1 ¥ JELH
M 0-389 159 4 2,5 651 18 2,8 NS
M 40-58 102 8 5.9 344 45 13,1 .
HIRDSHIMA | M B0+ 1o 2 20.0 48 23 47.9 NS
R F 0-49 214 f 1.5 | 1500 27 1.7 NS
F 50+ 45 4 8.9 200 g 19,5 NS
M 0-29 57 2 3.5 349 8 2.2 NS
NAGASAKI | M 30-59 50 1 2.0 212 20 9.4 suse
e M| so+ ) 0 0 6 5 |a3.3 NS
F JTOTAL df 86 4 4.7 798 26 3.3 NS
COMBINED PROBABILITY, NINE COMPARISONS 9-o0h#Es246b42-HOGoEE .22

1 Probability result of test of homogeneity for two percentages on each
line. Footnote Table 3. ZTO2ONEZZE0—BRUEBEOMEER E: &3



that early and late entrants differ as to

mortality. The samples are, of course,
small, and the definition of early entrant
extremely broad. The matter should not be
dismissed prematurely. Examination of the
data should be continued in the future, and
preferably on the basis of more specifiec
information about the exposure of the
early entrants.
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APPENDIX 11
T & |l

COMPARISON OF THE EXPOSURE GROUPS WITH RESPECT TO BACKGROUND FACTORS

ERRRCHI>BBIEROLR
In an effort to learn the limits of ZHEEMolEnRELZMA Bz, 2
their comparability the exposure groups FHEREZ2EL>ETOZTH = S HEBTH M 12 g

have been compared on a number of socio-

(e el
logical variables.

TABLE 13 MEDICAL SUBSAMPLE BY AGE, SEX, CITY, AND EXPOSURE GROUP
%13 EmY, EXIEF7HC TN, BRESH. LB, EW

HIRDSHIMA [R5 NAGASAK] Jiif
ARE AT EXPOSURE GROUP HRIE 5 EXPOSURE GROUP HE[L5
it 5 WALE % FEMALE MALE % | FEMALE %
DER 1 ] ] 4 1 2 3 4 1 2 3 4 1 2 3 4
0- 4 sal @1 so| 59| 82| 82| .e2| 82| 46| 46| 46| 48| 38| 3e| 3s| 38
5- 9 s4| 52 ss| s4| e8| 68| 67| 87 52| 51 52 52| s8| 58 58| 58
10-14 133| 133 131 132| 185| 188| 184| 185| 90| 92| 136| 9p| 106| 106| 149| 165
15-18 | 183 183| 195 184| 279 275| 279| 298| 132| 133| 85| 130| 242 | 242| 197 182
20-24 S8 58| 47| 58| 260| 250 262| 243| 36| 34| 34| 38| 121 11s5| 121] 120
25-28 93| 93| 88| 93| 1717|177 177 177 52 52| 47| 52| 73| 5| 73| 713

30-34 102| 102| 104 | 04| V85| 185| 183 | 182 57 59 63 57 §1 56 51 51
35-39 125 128 | 131 | 124 218) 217 222 221 58 52 58 58 52 47 52 51
40-44 135 135| 138| 136| 233 | 233) 234 236 60 53 58 60 55 53 55 5¢
45-49 140 148 147 | 148 | 184 | 184 181 182 49 49 49 49 36 38 36 kR

§0- 54 95 85 94 896 a7 98 97 98 20 28 28 29 26 25 26 26
55- 58 68 68 68 66 T4 73 13 70 10 10 10 10 14 15 14 14
60-64 40 38 42 41 38 38 ag 41 2 2 2 ? 1 i 1 T
65-68 12 14 12 12 15 24 26 25 a 3 2 3 i [} fi B
10+ B ] B B 12 13 13 12 2 2 3 2 2 2 2 2

TOTAL 4t (1312|1313 frar2 (1313 2116|2114 |21192120| B78B| B77| B74 )| B76 | 8B7 | BBI | 8B5| BA3

Source: IBM Tah, H-75%, N-208
i ILEy 1T BMBEE 759 Fbg
AGE AND SEX Since these factors were EHELUMN E0S, 1P A ey o2 L

involved in the matehing, the exposure f‘lﬁ'f’f‘f)é ﬁﬁmaﬁm{r‘mh‘; U\-’.ﬂ:gua—)_ﬂ_y
roups are gquite comparable (Table 13). . < 5 "
gErons X P ) TRERFARICES LI1ZLTVWS (£13) . X

The one exception is in the younger ages

in Nagasaki, as may be seen in tabulation NDRTHH B EH ZRMGOFRERBEIZ 1 > OFId
by exposure group. AHohd.
MALE B FEMALE &
GROUP B — i 2 3 3 | 1 2 3 4
10-14 80 92 136 80 108 106 148 165

AGE AT [iBisoiER
15-19 132 133 8BS 130 | 242 242 187 182

a9



MARITAL STATUS but
significant differences are seen among the

For both sexes small

P AR AR WEIHARRE & BB OER CHEB AT L

i A - PEL S - PR Sy N T
exposure groups when compared by latest )&y BBOREF I E VAR )rfi%fvtét\'-
information on marital status. These S5ds. PRIz, EifgogoE &1L
differences are seen most clearly in the X0 LAENb
percentage of females known to be widowed, £
shown by exposure group in accompanying
tabulation.

HIROSHIMA L5 NAGASAKI [

GROUP TE —» | 2 3 4 ’ 1 2 3 4

WIDOWED FEMALES % =4 26. 1 220 @D IS.B‘ 13,8 12,0 11.9 9.8
OCCUPATION AND INDUSTRY The differences BESLUEZ k3 5 & O SERE R O 4 BERY
in occupation and industrial classification . . e o o i
DFE G . N Errwi Lk A, R
are much less than had been anticipated. e PR EBTET ) 6D b
The greatest disecrepancies are noted for KOMHETLREOBIEOS AR, BE, ML

Hiroshima males classified as managers and

officials, as farmers, and

and for Naga:;aki

fishermen,
lumbermen, and as unknown;
males classified as sales workers or as
Table 14

shows the observed percentages for these

craftsmen and factory workers.

few groups.

Kb LKL L CIZEEANAH L EIFOHED R

SCREXE, S5V ITEBRERE LEE U LA I
b, EorORBEIIOWTEEMOMEL S

PERETRTEROBYTH 3.

TABLE 14 PERCENTAGE OF MALES IN SELECTED OCCUPATIONS BY CITY AND EXPOSURE GROUP

14 FEBENOTE, B, #EKAR. K, K
ciTY OCCUPATION EXPOSURE GROUP  #HBE[X 45}
i B 1| 2 3 4
MANAGERS AND OFFICIALS AR 11,8 9.8 8.0 6.5
FARMERS, FISHERMEN, AND LUMBERMEN
Hlﬁfi’H’Mﬁ Bk sk kAR 3.3 b B | 11,5 2.8
UNKNODWN A H 5.0 B.2 4.0 1.8
NAGASAKI |SALES WORKERS i S it 3 H 9.6 B. 4 8.6 | 12.1
R CRAFTSMEN AND FACTORY WORKERS $EBEfAE L& X0 T H | 34.7 | 33.7 | 28.5 | 21.2
For women the differences are smaller and OB EOEFR LN E L (R ERET
f ; t 1 rtance; about 70 to 75 e 5, I S Ry
hiilaiaki b i : 2 v, FI0%»5B%0EOFHEFEMNIZHHET
per cent are classified as not in the labor _
force. In addition to the exposure group 3. WEEEMoLEo b FEENIC L s
comparisons distance comparisons were also T4 - A, o LEawlisirEsonsk
made, but without uncovering any more —
a S 2 x - e AR s AL B Ni= A !
aFTation thin tHaE Sty Bhowa: o7z, 2000m LN TO WS & IRBER 24 T 6

distance

40



gradients under 2000 meters are not in
evidence. Specific industrial comparisons
were also made,
results.

with the same general
In Nagasaki there are two
outstanding discrepancies when the distance
groups are compared in detail as to
industrial composition, one related to the
Mitsubishi heavy industries, the other to
the Nagasaki Medical School. These percen-
tages are shown in the tabulation by
distance from hypocenter in meters.,

BRI REREZOZEIROI LD o 12 £ 1+,
BEOERIDVWTORKLT L 124, 20%
R REZE0tMLETH- /2. BENIIE
BTOEEWBKEFHA KBTI IL2o08EL
fREFEBONE. 1> =FET fam
1OREMERAFZCHELALDTHS.

g
%

-
| .

MANUFACTURING:
BN % BB R
SERVICE:

DISTANCE IN METERS #igfige —  0-099 ,go0 1300~ 3089-  3300-

TRANSPORTATION EQUIPMENT 8.8 15.5 211 148 15,5

MEDICAL H— A % [EfF 8,8 AN, ) 158 11
this is the WIPMMA S 2 D R1950ELIAT ISR L

GEOGRAPHIC ORIGIN As coded,
place of birth or the place of longest
residence prior to 1950, and in view of
the geographie factors involved in the
selection of the nonexposed there are large
differences between exposed and nonexposed,
but not among exposure groups 1, 2,
and 3 (Table 15).

E{fEATOEMZI— F LA, FBHGHE
s 2EMAGMBLTHSE. LEHFST
TR LHERBEICREZLENFMETEIN, &
BELL, B25LUBEIHOMTRED ALY
(#15) .

1+ 30
Vo BC

TABLE 15 MEDICAL SUBSAMPLE BY PLACE OF ORIGIN, CITY OF STUDY, AND EXPOSURE GROUP

#15 WBlY Y T, RS, BEY 74 T, K& EE
ORIBIN HIRDSHIMA  [EF% NAGASAKI J i
T E!Pu;u’;; GROUP EXPOSURE GROUP
4 5% L e

1 2 3 4 1 2 3 4
CITY OF STUDY A T 2562 (2341|2585 (1657|1294 (1334 (1348 | 443
PREFECTURE DF STUDY A 7 KEL 230| 221| 259| 37| 125/ 87| 102| 240
JAPAN ELSEWHERE Ed it o REA 145| 99| 128| 324| 30| 35| 44 94
OUTSIDE JAPAN H A [H 5 14| 14| 25| 318 9| 2| 8] 155
UNKNOWN ~ M 458 | 752| 434| 493| 107, 92| 56| 627
TOTAL it 3428 (3427|3431 (3433 lsaslissn 1558|1559
Source iff: H-201, N-283

FOREIGN RESIDENCE Another residence HEOBEE 35 1-0 i, WEEE

factor, the fact and duration of residence
abroad, also sharply distinguishes exposed
and nonexposed, but the three exposed
groups (1, 2,
enough. Again, a few lines from a more
detailed table may be useful (Table 16).

and 3) seem homogeneous

41

HESICHHLZ -HBE L EEBRE LOELC
PASE A AT T 5. IEMEN (1, ¥2
SXURBIHEH) TRELAYZGEDSL T V.
HTFOHE 2FMIFEETSIILFRBELEST
{5 (£16) .



TABLE 1B

LENGTH OF FOREIGN RESIDENCE FOR HIROSHIMA MALES, PERCENTAGE, BY EXPOSURE GROUP

#16 SREEEMEBETE, B, wEBESN, Kk

LENGTH OF FOREIGN RESIDENCE EXPOSURE GROUP W% [ 5y
h[E R 1 2 3 4
9 DR MORE YEARS 9fELZVuLEREE 1.9 1.3 3.0 | 13.9
NONE L 71.3 | 83.1 TV 28.6
NO INFORMATION BELL 13.8 | 25.7 5.4 | 218
REASON FOR LOCATION ATB Of course the FEgEEFICFOBRICVWE-ER b AA, FEHE

nonexposed were, by definition, not in
the cities of study ATB but were mostly
elsewhere within the prefecture or actually
outside Japan. The reasons why individuals
were where they were ATB naturally differed
especially between the exposed groups
(1, 2, 3) and the nonexposed (group 4).
The majority of the exposed were residents
of Nagasaki and Hiroshima, but the non-
exposed were of much more variable status,
being in the armed forces, evacuees, ete..
or ordinary residents,
happened to be.
although not in Hiroshima and Nagasaki
when the bombs fell,
these cities as their permanent residences
in 1945. The comparative data on this
point appear in Table 17.

wherever they
Many of the nonexposed,

nevertheless gave

BE R TFRRIMERST I Ed DL
ERSNTVS. EEREOZ (DL D REBAE
Hizws, 2, LHCRERCBEEMIVE
LnLbs. BRFIZZOEBFIIVEBRF R4
TEHEAZERKAERTHE., FUEBBE (F 1,
B2, B33 EEREE (B4 OFTE
HoTur., BREIENSIUVEBOEESET
Hoto#, FERETCEIRG EHEHIIVEFEE
BHU ATV AESH, 0BRFHTF50 3.
BELIEBHIVEEFFEFOEERTH S
DIz, RELZHEBETHRILESI VIEIEER
BhTtuwiIEgBE» L2, KEBEHEZTRT
EROMN THS (FIT) .

TABLE 17 HIROSHIMA MEDICAL SUBSAMPLE BY PERMANENT RESIDENCE ATB AND EXPOSURE GROUP

217 RS OEY EEBNESSY T T, ERE SN, R
PERMANENT RESIDENCE ATB EXPOSURE GROUP #:i[X %5
T6T 4 B 00 30 7 Hb 1 2 3 4
CITY OF STUDY AR 3388 3380 3385 | 1207
PREFECTURE OF STUDY A 45 27 19 556
JAPAN ELSEWHERE iRkl B A ERN 10 8 ] a7
OUTSIDE JAPAN H AR % 1 - - 8BGO
UNKNOWN E B 12 g 439
TOTAL 3428 | 3427 | 3431 | 3433

DURATION OF RESIDENCE IN CITY OF STUDY
PRIOR TO 1950 The three groups of exposed
are qulte homogeneous in this respect, and
differ markedly from the nonexposed,
al though perhaps not so much as might be
expected. The percentages with five or
more years of such residence by city and
exposure group are shown in the following
tabulation.

42
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1950 FE LIATICABEN RVHICEEL BB
OAICELT3 MR- LZ{FELTHS.
AR LTEBERAGRTFRLABRTEZ0Y, #&
BELAPLEDEH S TS, BEMBFSFLV
Lzhll o2t gasEcriTLRkoM
NThs.
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GROUP B — 1

HIROSHIMA

14 53 NAGASAK|  Eo i

2 3 2

il

= 5 YEARS® RESIDENCE & [GfEMNS & 88.2

MIGRATION FROM CITY OF STUDY AFTER 1950
Al though migration from the two cities is
not large, and is further reduced here by
the honseki requirements for the mortality
sample, small differences have begun to be
evident in the percentage who have migrated
from the cities of study or the adjacent
areas. These percentages by exposure group
are seen in the accompanying tabulation.

GrROUP B — 1

87.1

[
99.4  51.0| 987.8 87.9 86.3 50.0

1950 LI BT 2REHRBHL 5 OB
didirsnEbs . FGEAY Y 7T
A x —FEOHBICR. A, ChoEOFEICE
Hib sl i3tEz6n%. LALEGLEY
OMIZWEX RET & B SIEEEOES
LI AR ENHSITE DEED T2,

HIROSHIMA 15 NAGASAKI +

MIGRATION AFTER 1350 & 1950fELI{E & 8.0

-

Some of this variation may reflect a
later average date of investigation for
the nonexposed in comparison with groups 1,
2, and 3.

=
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APPENDIX 111
T 8 0

RELATION OF MORTALITY TO RESIDENCE ATB AND MIGRATION
ETELREBRBERRSIUBEL OME

For younger males ATB mortality is much
higher among those who were not residents
of Hiroshima ATB, but this is not seen in
females or in the Nagasaki material. Table
18 contains a summary of the relevant
information. Whether or not migratien has
occurred since 18950 is not significantly
related to mortality (P> .05), but there
are small differences that may well be
real and worth watching in future years
when the proportion of migrants becomes
larger.
information by eity,
s tatus. It may be supposed that a few
deaths among migrants out of the prefecture
are being missed by the koseki check. or
that such migrants are selected for better
than average health.

Table 19 provides a summary 6f the

sex, and exposure

As soon as the sample

BAREE, EBIZEELTIVWAEERTORL
FINEE, ERICFEATVLZY S AFEORLCEL
NEETHS. ZTOBRBIEEBEOETHE VIR
B4 7 i@ vshizwv. ThicBHLEEREH
FEELTRTEEIBDMEN THB. 1950FE D #
BLABEZ Y TLVWHORCEORIZIZSE
BTCRZVWH (P>.05) 023D L.
DERBFAERLAEALOOBEFKEL LSS
hTHEiz23ineEZo05. ERIIHET S
AL, FaEh, s L UBREBXGHNICE
FBLTRT LN THS. BieEiiHFOS
HrTirdhasd, FEILSFCEZERDITASZ
EHTELD R ZELEZ OGNS, HHVIEE
HEOBREFLEHENVEATVEZLEEZSN

-

-8R

=1
=

TABLE 18 MEDICAL SUBSAMPLE NONEXPOSED, NUMBER AND PERCENTAGE OF DEATHS 1850-58,
BY RESIDENCE ATB, SELECTED AGE GROUPS, SEX, AND CITY

£18  BESRNE IR ERb R, FERRE OFECE Lo #E, R E O M R, 1R
1960—B8E R M Atk 74 » 7
CITY RESIDENTS OTHERS TOTAL
CITY |SEX|AGE ATB T (o % Ol i} pt
il | 4 | BU¥ME Lo, [oeaths| o [wo. [oeatus| [ wo. [oeaTws|
) i i FECH FELH FEL #
w |_0-49 | a93| 12 2.4 | 00| 35 | s.sfiog3| a7 4.3] »s
G Ros 50+ 72| 14 [19.4| 140| 37 [24.8] 221] s [23.1] s
LB | 0-45 | 560 8 1.4 |1313]| 23 1.8[1873] 31 1.7 Ns
50+ 126 18 [15.1] 120] 2¢ [20.8| 248] 43 [17.5] ws
COMBINED P, ALL FOUR TESTS 4 20N RMOP & Gb¢ 5% | .05
w | 0-44 | 275] 6 [ 2.2]209] 13 | 4.3] 574] 19 | 3.3 Ns
NAGASAKI 4o as| 7 [z0.0] sa| 10 [16.8] 4] 17 [18.1] NS
£ 0 p|_0-44 | 257] 5 1.9 532 12 | 2.3 7188] 17 2.2| NS
45+ 48] 7 [1s.2] 4] s |14 e 12 [13.3] s
COMBINED P, ALL FOUR TESTS 4 OOEH®E0P & HThe &R .62

tFootnote Table 3.

iE: 43 3

Source H-879, N-324

Preliminary Table V, Col. 54

EVF X548



receives a complete field check it will be

possible to settle this issue,

potentially

an important one for the future but of no

numerical significance in the present

B

L LEZICHMNEN T 4L zomE

EMIRTATEHNTEIRTHS.

FEFEIZLAPEHNL VL,
BEAVPLOOTHEIITALELSLS £,

ZOME ILF

LA LS omirc

analysis.
TABLE 19 MEDICAL SUBSAMPLE. (OBSERVED AND EXPECTED DEATHS 1950-58
BY MIGRATORY STATUS, SEX, CITY, AND EXPOSURE
£19 190FLEOEROEENOSERCH & MR CE, 5, #iEwREn.
1950—BEEESTEF 74 > T . LKk, E&
MALE # FEMALE ¢ TOTAL  &f
CITY AND
MIGRATORY STATUS
EXPOSURE = peEaTHsT pEATHST peaTHST
mitinry BlEineE NUMBER I NUMBER & NUMBER FE
3 2 08S| EXP. 0BS| EXP. DBS| EXP.
WITHIN PREFECTURE il iy 133 14| V0.2 263 1| 12.2 396 25| 22.4
HIRDSHIMA 51 o 1 T
EXPOSED WITHIN JAPAN S AER 168 6| 10.1 245 8| 1.2 413 4] 21.3
OVERSEAS HAE 3 i} o 1 1 iy 14 1 %1
LRREE NOT MIGRATED B 3633 |355(354.3| 583D |333|329.2| 9463 |68B|583.S5
TOTAL &t 3337 |375/374.8| 6349 |353|352.8|10286 [728|727.6
WITHIN PREFECTURE illytoill | 74 7| 4.4 111 a| 3.2 185 | 10| 7.8
HIRDSHIMA |\ op iy sapaN B oHAREN| 8s | 2| 3.4 108 | 3| 2.9 182 s| 6.3
NONEXPOSED — - = =
> OVERSEAS EE SR - 3 0 3 [ 0 | 12 0 .4
L ERREE NOT MIGRATED EiEET 1151 89| 89.9| 1893 68| 67.7| 3044 |157|157.6
ToOTAL 3t 1314 | 98| 8a8.0| 2119 | 74| 73.9| 3433 [172|171.89
WITHIN PREFECTURE il oEA a0 3 5.3 113 2 3.0 203 5 B.3
NAGASAKI 1) b o [
EXPORED WITHIN JAPAN l\‘:i;;:li&.ﬂw 170 4| 6.2 177 2| 4.7] 347 6| 10.8
OVERSEAS H 3 0 =2 1 4 0 i
T Pl S 0] o
NOT MIGRATED BEeT 1768 |120|115.4| 2382 [115{111,4| 4130 |235(226.8
TOTAL §f 2031 [127{127.1| 2653 |[118]|118.1| 4584 |246|246.2
WITHIN PREFECTURE hibl¥t BN 48 1 1.6 95 2 3.0 143 3 4.6
NAGASAKI 5D Az 5] 75
NONEXPOSED|YITHIN JAPAN Lh.:.;t::ﬁm_s];] 71 2 2.3 55 3 14 132 il 5
OVERSEAS A #: 5 0 0 0 1 0 .3 1 0 por.
St JE w0 A ——
NOT MIGRATED ik 550 33| 22.2 733 25| 25.3| 1283 58| 57.5
TOTAL it 675 | 36| 36.1 884 | 3p| 30.0f 1559 | BB| 6B.1
Source H-879, N-324 Preliminary Table V, Col. 57

il

45

Blzo gl LA,

W Tde, BTHI
TExnectsd (exp) deaths are adjusted for age to permit direct comparison with observed (obs) deaths
HAESAECS BOE MR B e b PRI L B 2o 2 df



APPENDIX IV
T & N

MORTALITY FROM ALL CAUSES AND EXPECTED DEATHS COMPARED BY EXPOSURE GROUP, SEX, AGE, AND CITY
wHEA, 45, FRASIUVLEE, RETIO2REEFCLIIETHEHBHH

For the calculation of expected deaths
use was made of the 9th Official Life
Table (1952-53) and the Abridged Life Table
of 1955 for the entire country. Expected
survivors (Lx) were calculated for 1 July
1958 and deaths obtained by subtracting
this number from the entire sample alive on
1 October 1950, with an adjustment for the
small number of nonexposed drawn from 1951
and 1953 sources. The method of estimation
used is an approximate one in the sense
that: 1) five vear age groups are used:
2) the 9th Table was used for the years
1950-53; and 3) the Abridged Table was
used for the years 1954-58 but seems
sufficiently accurate for use here.

Table 20 contains these data by ecity and
sex, and clearly shows that the deficit of
deaths among Hiroshima nonexposed derives
from females of all ages. The youngest
Hiroshima males in exposure group 1 have a
considerable excess of deaths, six observed
vs one expected. There are 112 comparisons
in this table and by chance alone one would
expect five differences to be significant
at the 5 per cent level and one at the
1 per cent level. The actual counts are
shown in the tabulation. Thus, the number
of significant discrepancies in Table 20
is 1ittle more than would be expected by

chance (R vs 5.6).

WoOMmMERHE (1952—534F) & 19554
SEGEREMERNLT, UFHEHELL. =7,
1958 7T H1HBENETFH (Lx) 237 L,
COMF1950FEI0 1 BizETFELTWAES Y TR
#HroGl &, RCHEHFELL. £H1B1ES &
VI9BFERB A oM LAVBEOFEEESE CX L
TIEE:2T4-4. ZOHBERIUTORETE
YL nThs. T4bb, ()5 FRREZMEH
L., (2B 9Mm4&EEII0-IIFIZHL T,
BIMSERELI9M—BF I LTHEH L 2. L
PLABECHERY DI T HEETHS L
BT LW,

Hlinl s & UERS I CBER L MERE R T
ERNDMY TH B, IRBIEHBRHOBEEI T
FHEVLLOBAHEWHL AT K FORCEN £
R R L TRV A EMT A EHFTES. L
EBOBMBX TS 1 BOBREEBFE242 ) BEH
LW, TwA., Thbb, BlY%6 Ix LK
L% d., coficid 1128l omles s HERY
Hah6, MRIZHEEH S HESRLL %0 KE
52, 1%0kMETIz12E4%5. HEENFN
AW LM ART EROM D TH S.

5% LEVEL BUT NOT 1% 1% LEVEL 0 THER TOTAL
5%NKETHINF1%TIEL Y 1 %BOKE 0l it

0BSERVED L UE 2314 5 3 104 112
EXPECTED i §F 2 4.45 ¥l 106, 40 112.0



TABLE 20 MEDICAL SUBSAMPLE.

BY TEN YEAR AGE GROUPS, SEX, CITY, AND EXPOSURE GROUP

%20

OBSERVED AND EXPECTED DEATHS 1950-58

104 F @ REal i, fERI, BZFECE & MFEC RO, 1950—584F

EERES7H > TN, L5, B
| EXPOSURE GROUP B 5
CITY AND SEX uﬁ:ﬂ;gai s I > [ 5 F
il & & U o T i
nies | oss | exe | oss | exe | oss | exe | oss [ exe
0- 8 6**| 0.34| 1 0.92 i 0.93| - 0.892
10-18 1 5.38| 10 7.05| 11 1.31] 12 7.02
20-29 ‘ s.04| oas 3.93| 72 3.e0| 2 4,12
HIROSHIMA MALE 3n-33 | 18 3.85| 18e g.85| 10 10.04| 8 9.72
Ry 40-439 24 26.38| 34 27.34| 35 26.19| 25 25.44
50-58 38 34.861]| 3g 33, 34 as 34,18 28 32,48
50 + 23 | 25.84| 23 26.93| 28 28.10| 25 24,88
[ToTaL gzt [116 |109.65|134* |108.36|125 |110.42| 98 |104,59
| ©0-8 1 | 1.o0| - 1.04) 2 | t1.04| - 1.03
10-19 | & | 8.56| 13 8.49 17°+| 8.40| 3 8.60
20-29 | 8 10.70) 8 10.74] 11 10.87| 2e+| 10.53
HIROSHIMA FEMALE| 30-39 | 12 13,79/ 19 13,75 19 13.81 8 13,71
N Y d 40-49 | 28 | 27.58] 26 | 27.58 28 | 27.63) 18 | 23.14
50-59 | 20 | 24.89] 24 | 25.28 18 | 24.84| 17 | 26.84
50+ 29 32.05 33 | 3t1.27 29 32.46 | 28 | 34.18
TOTALF |11D4 I'Ilﬂ. 57124 |t18.15 125 119.05| 74** |118.04
0- g 2 | o.sn]| - 0.7 - 0.84| - | o0.80
1D-19 8 4.81] 11e 4.00| 49 4.88| 7 4.91
20-28 3 2.18| s 2.47| 8 2.44| 3 2. 56
NAGASAKI MALE 30-38 | 11% 5. 11| 5 bt & 4.85| 2 4.58
Fe it - 40-49 & 10.07 | 10 10.33| 10 g.90 | 13 10. 58
§0- 59 9 7.88] 8 | 7.48] 71 8.46| 5 7.87
60+ 3 4,27 4 4,10 5 3,72 5 4,27
TOTALAF | 40 34.74 | 44 34,81 | 43 35,18 | 36 35, 56
0- 9 | 3 0.67| - 0.87| 1 0.66| - 0.67
10-18 7 6.67| 1 6.67| 7 5.20| @ 6.09
20-29 6 4,04 & 4.04| 2 4.90| 2 §.03
NAGASAKI FEMALE | 30-389 5 3. 48| 2 3.49| 5§ 3.45| & 5,47
14 W4 - 40-48 7 5.78| 12 3.49 § §.78 3 5. 66
50 - 59 8 5.11| 5 g1t | 7 6.398| § 5.90
60+ 8 5.81| 10 5.81| 10 | 586| 8 6.13
ToraLdt | 42 | 33.47] e0 | 33.47] 37 | 33.33]30 | 32.95
L
eeTesls were made on the basis of the confidence limits of Poisson

distribution,

BiET Y Ao EHERCETCTE

Feotno

te Table 3.
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APPENDIX V
f 8 V

ASSOCIATED CAUSES OF DEATH

The standard death notice in Japan
provides for the entry of information on
associated causes, as well as on the

underlying cause of death.

The entry of supplementary information
on complications and contributory causes
may itself be used as a kind of general
index of the quality of the notice and
thus, indireectly, of the accuracy of the
underlying cause determined from it. It
is useful, to compare the
deaths ocecurring in the several expn%ure
groups as to the percentage of notices
containing such supplementary information.
The comparative data for both cities by
exposure group are shown in the tabulation:

therefore,

R I

HEORCEIZEEFEROM _RFEH Iz W
TERAT AL I L, TWVS.

EHIES FUCMEAFEAEhZZ L 20EE
¥CHEOBEA8bT 1 Ho—BOIEREL L CE
HYya2ZeHTed. -MEMNCEFNREEZEE
RETAILEAL2. LEFL T, ZRFEEFT
ALTHIECROaBFFL2ERFORB CHET
ALY EELES. WMHichbFT, ZKFEERHNF
HALTHA20EE2RTLROMAITHS.

HIROSHIMA L5 NAGASAKI  J2uf
cROUP Bf — 1 2 3 4 TOTAL it 1 2 3 4 TOTAL Ft
DEATHS JEL# 220 258 250 172 900 82 B4 B0 86 312
SUPPLEMENTARY INFORMATION % - 5 o 51 53 24 <8 - - -

SORFEEAWA LTHAMG (FHHE)

In Hiroshima the exposure groups are
homogeneous in this respect (P >.05) but in
Nagasaki they differ quite significantly
(P< .01). In addition the two cities
differ remarkably in the frequency of such
supplementary information.

The freguency with which specific major
diagnoses and groups of diagnoses appear
on the notices as underlying causes,
complications, and contributory causes
in Table 21 by city of study.
Tuberculosis, malignancy, and cerebrovas-
cular disease provide the great majority of

is shown

entries in each category for each eity.

48

CORMIZMLUTEBOBBRBRETREIRY
ERTVRZWVY (P> .06) , RMTIIEENZE
R (P .01) . &5z, WmoBIZZK
FER O GEA DBIEIZHHH £ 2R /2.

BFEH, AMEFLIUTRMEE LTHELEKEA,
FERBAFECHIKRALTH S HE 2 REEHH
LRt e RAOMYTHS. MhE s, BEER
s &£ URMTOESSFKEHELED TV 5.




TABLE 21 MEDICAL SUBSAMPLE.

BY UNDERLYING CAUSES, COMPLICATIDNS,
£21 KW, f0FES & CRIZEEE. 1950—58

NUMBER OF DEATHS 1950-58
CONTRIBUTORY CAUSES, AND CITY

BEEWEES 7 TN B, B

cITY UNDERLYING CAUSE OF DEATH seATig [COMELICATIONE | CONTR Y TORY
miti | 1 5E A oy L ki
I i 1 "
TOTAL ALL CAUSES 2 E | 800 451 148 65 18
TUBERCULOSIS Z B | 101 51 18 g 3
MALIGNANT NEOPLASMS EETFED 195 110 48 12 1
HIROSHIMA HEART DISEASE LEER | &8 40 18 5 2
LR PNEUMONIA AND BRONCHITIS MR EL FATER 26 1" 2 1 =
NEPHRITIS AND NEPHROSIS FHEEFLIUFF:7o-—¥ 26 21 [3 3 =
SENILITY E = | 48 10 - - %
| ACCIDENT TIED Bl 36 B8 2 - -
|suicipe 0 & 28 2 - 3 1
| 0THER 20t 228 | 128 43 22 7
TOTAL ALL CAUSES FFEH 312 103 25 15 1
TUBERCULOSIS & B ! 88 24 8 2 -
MALIGNANT NEOPLASMS EMHEH | 3s | 18 ] 1 -
VASCULAR LESIONS AFFECTING CNS 58 8 " N !
WEEFEOBTHRS -
NAGASAK| HEART DISEASE LEREL 15 5 - - -
1eay [PNEUMONIA AND BRONCHITIS BliZ & & UWEXH a 3 - 1 -
iIIEPHIII‘IIS AND NEPHRDSIS T RFLTFZ7D-—F 10 4 | 1 - -
| SENILITY € = 18 1| - 1 2
|AccIDENT T O H 20 v | . 1 =
SUICIDE 0 12 =il - - -
OTHER FOit 91 34 8 ] 1

The number of notices with one or more
supplementary entries is 481 in Hiroshima
subsample and 113 in Nagasaki. Until a
large sample has been subjected to more
intensive serutiny no econeclusions can he
drawn as to the value of such information
to the present study or the best methods
for using it. Nevertheless some prelim-
inary information on the interrelations
between underlying cause and stated
complications and eontributory causes may
be of interest and deaths attributed to
tuberculosis have been chosen by way of
example. The list of complications and
contributory causes, by city, appears in
Table 22.

Malignant neoplasms, by contrast, are
associated chiefly with metastatiec tumors
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120 ko ZORFEEEAHALTHIFECHED
Haeasde, KEYy7nix48l, Ew4> 7L
Tl 113 CHh 5. 2HOHIZ> VT —FHERN
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TABLE 22 MEDICAL SUBSAMPLE.

DEATHS ATTRIBUTED TO TUBERCULOSIS 1950-58

BY COMPLICATIONS, CONTRIBUTORY CAUSES, AND CITY
2 EEFREETHIFECORERE GHE. V0—BEEFEE 74T 0. Lk, B

HIRDSHIMA (.4 =1 NAGASAK] -3 -3
COMPLICATIONS AND CONTRIBUTORY CAUSES |COMPLICATIONS| CONTRIBUTORY |COMPLICATIONS | CONTRIBUTORY
LEE R UFNTER o HF 6 2R o FEE SFEHE
1 " 1 il 1 1" | 1
TuBERcVULegl_s_.L_qmn FORMS 8 : = . » E y _
T Dk nER
CANCER OF LUNE LO. 1 - - - - n - -
ASTHMA m e 2 - 3 - - - - -
DIABETES HUROE 1 - . w , - - "
AVITAMINOSIS %3 RZE 1 1 - - 2 - E -
MENINGITIS T 6L 53 1 - - = 3 : = 5
HEART DISEASE AL Bk 452 48, 1 - : 5 ? | 3 5
SPONTANEOUS PNEUMOTHORAX . ) ) } B i i _
T3 M
INTESTINAL OBSTRUCTION It [¥ % 1 1 - = 1 = = =
PERITONITIS BRIt 1 - % h 1 2 - =
ARTHRITIS [ 3 3% 1 - » ” " : " -
s""To:;l"f;ski‘i—‘ib{:nuflt'::ﬁﬂzj CAUSES ‘:“} ) ~ 2 3 . R _
LIVER DISEASE AP & S 1 = 2 N 2 = =
LEUKEMIA FHfL 8 - - 1 = = = = =
SCHIZOPHRENIC DISORDER 3 7y RiE - - 1 | - - - - -
ULCER OF STOMACH il < = 1 | = % & = =
MAL IGNANCY UNKNOWN RO ER - - 1 - - - - =
LATE EFFECT OF INJURIES DUE TO WAR .
SERVICE . 2 1 " " . - -
MPITHCLSBEORMAE
OTITIS MEDIA WITHOUT MENTION OF
MASTOIDITIS - - - 1 a = = S
ilEEERoZIHO L VW H R
HYPERPLASIA OF PROSTATE |
il BB ol | = A : : i g
OTHER DISEASES OF CIRCULATORY SYSTEM |
1% B e Z o Lo A 2 " = - 1 - = 3
PNEUMONIA UL = | - - - 1 - - -
PLEURISY I B 4 = | - - 3 1 i . -
PULMONARY CONGESTION lili i i = - - - 1 - - -
ACUTE LARYNGITIS A1 e I 3 = - - - - 1 - -
ABSCESS OF LUNG Ff A 425 - - - = = 1 . =
NEOPLASM OF GENITOURINARY SYSTEM } N : } i ) N i}
e S #HEW |
TOTAL i 51 7 3 | 4 22 ] o | o




T —

of other sites, For deaths attributed to F - IRIAT OB D KT @) 5T 1L B i
cerehrovascular diseases most associated .
FZOHELTH 5 7.

canses refer to the cardiovascular system.

About half of the supplementary infor- CRFEHO EEOE L 1B Y AR R A

mation on cause of death is coded to o
Al e 4 o o Pl ' . E 23 =
ill-defined causes or symptoms, including AVIMER (EREATL) OXME LA 60

senility. The accompanying tabulation . FERALHEl ol AT hEZBEZDS

shows the number of death notices with L, BEAHEOKL L ZEHRA S NAGHE
Complication I and the percentage with

il1-defined causes or symptoms. Neither ERTETEOMY THS. BRELLFATSH
the two ecities nor the four exposure groups AEMAHELIER L EEANRAZN-HGI24

in each city differ significantly (P>.05) 8 = e
as to the proportion of notices with HoMTL 2 ARG L EMOMTEKINIZAHE

merely vague information on symptoms and ( P> .05) LAk,
ill-defined causes. d

HIRDSHIMA NAGASAK!
{179 1 $+3 -
GROUP EF — 1 2 3 4 TOTAL if 1 2 3 4 TOTAL 3t
COMPLICATION 1 {riFE1 118§ 113 119 19 427 18 40 21 27 107
ILL-DEFINED CAUSES % T HWIDJERH 4B 43 _ ~50 a3 45 53 58 48 44 51
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