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PREFACE

This report, one of a series of comparable
broad analyses, presents a segment of data from a
continuing binational epidemiologic investigation.
The research protocol was jointly authorized
under agreements signed by the Directors of
Japanese National Institute of Health (JNIH) and
Atomic Bomb Casualty Commission (ABCC). The
research plan and texts of the agreements are
presented in bilingual Technical Report 4-59.

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

Bilingual presentation was authorized on the
basis of review by the Japanese and American
professional staff of ABCC; and by the Kyogikai
jointly appointed by Dr. Ken Yanagisawa, Direcior
of JNIH and Dr. George B. Darling, Director
of ABCC.
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A paper based on this report was presented at the 4th International Conference of Radiation
Research, Evian, France, 29 June - 4 July 1970
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10.

9 Deaths from all malignant neoplasms except leukemia, distally exposed vs not in city

ATB, by age ATB, both cities and both sexes combined
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JNIH - ABCC LIFE SPAN STUDY, HIROSHIMA - NAGASAKI REPORT 5
FiMi—-ABCCHEGHE, EBE-EHE 58

MORTALITY AND RADIATION DOSE, OCTOBER 1950 - SEPTEMBER 1966
1950 108 — 1966 F 9 B O FE T R LR & O IR

INTRODUCTION

The Life Span Study' of A-bomb survivors in
Japan is a joint effort of the Japanese National
Institute of Health (JNIH) and the Atomic Bomb
Casualty Commission (ABCC) to detect and
measure the late effects of atomic radiation insofar
as these may be expressed in mortality. Earlier
reporis®™ have provided evidence of increased
mortality among heavily exposed survivors from
leukemia, the anemias, tuberculosis (in males), and
cancer other than leukemia, in the 1950-60 interval.
Deaths from all causes were especially high in the
interval 1950-52 for those who were within
1400m from the hypocenters at the time of
the bomb (ATB), almost 25% above expectation
for males and 50% for females. Deaths from
all forms of cancer except leukemia were above
expectation in this same group in 1950-52, and
again in 1959-60. Conclusions reached on the
basis of distance from the hypocenters have been
confirmed by parallel analyses utilizing T57 dose
estimates.®  Although their deaths were few at
the time of the last analysis, the greatest relative
increase in mortality seemed to have occurred
among those who were the youngest ATB,

Information on the mortality experience of A-bomb
survivors prior to 1 October 1950, when the
period of observation begins for the present study,
is available in a recent report on Hiroshima sur-
vivors,® and a small sample of Nagasaki survivors’
is also under study.

The present analysis extends the recorded ex-
perience of the Life Span Study (LSS) sample
from 1960 to 1966, during which the 8614 deaths
previously reported upon® increased to 15285
among the 100,000 members of the mortiality
sample. It also includes an additional 1251 deaths
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occurring from 1950-66 among 9500 survivors
who were exposed within 2500m ATB and,
although otherwise eligible, were initially set aside
as a “‘reserve group” only because their place of
family registration (honseki) was at some distance
from the two cities and it was not then known
how effective would be the ascertainment of
mortality through the family registration system.’
Hence the sample size has been increased to
109,000, and deaths to 16,536, The T57 dose
estimates® used in the last report have been
replaced by T65 estimates,” which depend on
revised air-dose curves'® and on much more
sophisticated estimates of the attenuation of
air-dose by materials shielding the subject."! On
the new curve for Hiroshima the air-dose (gamma
rad + neutron rad) at 1000 m is less than half the
corresponding value on the York curve used for
T57D, and at 1500m it is less than a third;
for Nagasaki the values are essentially unchanged.
The T65 dosimetry calculations also extend to
more subjects with substantial exposure than the
T57 calculations, but for subjects heavily shielded
underground, or in reinforced concrete buildings,
individual dose estimates still cannot be made.

Since 1961 the study has been greatly strengthened
by changes in the autopsy program.'? Autopsies
are now performed on 35% to 40% of all subjects
who die, and on somewhat more of those who
die within the cities of Hiroshima and Nagasaki.
By 30 September 1966 there were 2882 autopsies
among all 15,285 deaths in the main mortality
sample of 100,000 subjects. A recent analysis
of the series through 1965'% provides an evaluation
of the accuracy of the underlying cause of death
in the large mortality sample, and suggests the
use of autopsy data for causes not well reported
on death certificates.

In view of the drastic revision in dose estimates
for Hiroshima survivors, the earlier (1950-60)
experience has been re-analysed together with that
of the subsequent 6 vears. The general approach
to the analysis remains unchanged in that both
dose and distance are used, heavy reliance is
placed on mortality ratios standardized for age
and sex, and the l6-year experience is subdivided
into shorter time intervals. However, those not
in the city ATB have been removed from the
analysis of variation in mortality in relation to
dose because: they differ sociologically from the
survivors;2** the sample of survivors is itself ade-
quately strong in the low-dose region; and it was
desired to make separate comparisons of so-called
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“early entrants” and “late entrants” among those
not actually in the city (or within 10,000 m)
ATB. In addition, those not in the city ATB
are systematically compared with all who were.
The testing routines used for this report are
considerably more elaborate than heretofore, espe-
cially in the comparisons utilizing radiation dose,
in that they are designed to test variety of
specific alternatives to the null hypothesis, including
especially a linear dependence of mortality upon
dose. Effects are sought not only in age- and
sex-standardized comparisons, but also in age- and
sex-specific, as well as time- and city-specific,
comparisons, on the view that some effects may
be limited to one sex rather than another, or
to one end of the age range ATB. The difference
between cities in quality of radiation received,
and the gathering evidence that the RBE for
neutrons may be well in excess of unity for
certain effects, make it essential that the data
continue to be examined by city as well as for
both cities combined. Also, the number of
Hiroshima survivors in the sample is about three
times the number of Nagasaki survivors,

Finally, the general approach to the analysis is one
of examining individual causes, and groups of
related causes, for specific evidence of radiation
effects, on the view that, if death rates from all
natural causes (except leukemia) are found to
depend on dose, the explanation may lie in more
discrete effects identifiable by means of the classi-
fication of deaths by cause.

METHODOLOGY
Sampling Considerations

The general principles governing the sampling
plan' were:

That the sample be drawn from the earliest,
most complete lists of survivors available;

That the survivors be stratified by distance
so as to increase the power of the dose-specific
contrasts ultimately to be made;

That a comparison group of those not in the
city ATB be included as one component of
the sample;

That the various distance groups and those
not in the city ATB be chosen so as to have

i

L dRAD AT E: BLURBEICERCHA(S
Z203l0,0mE#H) Iz Ed EHEOPOVHEBS
BWHAHE | LEMATSE | EORMERNCTLVE
VZEDREDHTHh- e 25612, EREICHALCVLE D
sEHFEHFRzwAER LR ZRGET L 2 &
LT LAEENER BCERMNOLG TR,
FOMITENALNBETLES. T4bs, MERREC
i aflisoBEOMNLEROBESFERZA, oW
TECESFROMME & & CEHBMYZMNT 25 &K
rEHFCERELA HBOBERIME TN T,
FREETHIELTERET 2 - LTRSS, B X
auwtihsr—%, 43, BRBESOEREOTAD
—~FHOWZBEE2ATEE R EIEEEEL T,
b ER R 3| I i b 3 B 0 | A
Lot Bilicsta@WCHENLD, £, 5518
OER IR T3 EFORBEAN 1 ENL 2L EVC
EETRTHRYBoATVIDT, PRVAHOEHE
i Gitos e, WMz e ) S LARETES.
LA L, BHTHNSEHOKkESERE-THY, BB
OHRBEGRESOHIETHS.

Wi, BiFo B LHme LTIk, tXTOHEMBRE
(7L, AM#BER) LA ECHABBIZMESH D
@b eahas s, thil, HEMNOBRHIZE S TH
AHBILEEE, - EREOREFCETELTY
SN S 30T, B4~ o¥EEMIZ, 1, HEEY
CEmEFEOTRNETEI L LA

EEAHE
WHEHHBIIMTIER
WA EE L, KO —RER A CRE S

HREBIIODUTAFTESRLIE Mo, RixKe s
Fih ot RHFELMMA ST L

BWFhfTSbhatZso@ERMNO S EEET S
8D, MEBRELHRENCRIET s

Medege s LTREIE SN IO s R EEHERA

mzsdZ&:

Bl E (RO THIERE LR CHN I
o 28R, TOEMD L CENSHAFL



the same age and sex distribution within
each city;

That any necessary selection from among
eligible subjects be done randomly;

That eligibility be restricted on the basis of
honseki so as to capitalize on the unique
mortality follow-up potential of the Japanese
family registration system (a restriction that
removes foreigners from the eligible list); and

Thal the lists of survivors, and of others from
which selection would ultimately be made, be
completely investigated as to eligibility so as
to minimize bias arising from an association
between mortality and ease of such investigation.

Certain practical decisions and compromises natu-
rally accompanied the effort to put these principles
to work, among which those of greatest significance
are:

The supplementary schedules obtained for
ABCC at the time of the 1950 National
Census were chosen as the sampling source
for survivors; this effectively excluded the
1945-50 period;

Logistic limitations associated with the field
investigation of a nation-wide sample of 284,000
survivors forced the choice of the 195,000
survivors enumerated in the cities of Hiroshima
and Nagasaki;

In the absence of any single list of those
who were not in Hiroshima ATB, use was made
of both ABCC and official census sources
dating from 1950, 1951, and 1953:

Although honseki is available for every subject
investigated, it is the honseki that was in
effect at the time of field investigation for
eligibility, which spanned an interval of 10
years; however, changes in honseki in Japan
are not frequent, and are much less frequent
than changes in residence;

Dedicated field work by ABCC field staff
provided individual reports of investigations on
all but 219 of the 195,000 survivors enumerated
in the two cities at the time of the 1950
National Census, but for the lists of those not
in the city ATB a comparable performance
was impossible, and when the sample was closed
1144 remained to be investigated among the
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96,581 considered;

Since the sample was put together during
1955-61, and the ABCC porgram began in
1947, a great deal of information was already
available at ABCC on the individuals to be
investigated for eligibility, especially the sur-
vivors; under the pressure of current program
requirements, therefore, the sample was chosen
in three selections, in 1958, 1959, and 1961.

The necessarily refrospective character of the sam-
pling has always posed a challenge to statisticians
responsible for it, and the chief weapon against
bias, namely an exhaustive investigation of the
1950 lists of survivors, has been wielded in merci-
less fashion. Nevertheless, as the list of compro-
mises suggests, there remain opportunities for bias
of one sort or another, and at this time it seems
appropriate to review available data bearing on
several of them. The greatest problem, of course,
concerns omission of the 1945-50 experience, and
the possibility that survivors not in Hiroshima
and Nagasaki on 1 October 1950 differed as to
health from those that were. However, the special
studies on supplementary samples already referred
to have begun to throw lighl on this problem.
The report on Hiroshima survivors by Tachikawa
and Kato® clearly indicates that the restriction of
the sampling to survivors enumerated in Hiroshima
at the time of the 1950 census introduced no
bias into the LSS sample.

Other problems that have been raised by the
nature of the compromises adopted are:

Those not in the city ATB differ sociologically
and demographically from those who were,
and as migrants into the area after the bombs
their health may differ from that of the
exposed for reasons other than radiation; and

In the absence of prior information on the
frequency with which honseki is changed, and
on its possible association with health, the
use of the honseki determined at the time
of interview, and not on 1 October 1950,
carries some risk, believed to be small, that
differential mortality may have been introduced
into dose-specific comparisons through sys-
tematic differences in date of investigation.

With the third selection in 1961 the mortality
sample became complete, and any differences
among the three component selections lost any
significance they might have had in the LSS.
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However, since Selection | became the definitive
sample for the Adult Health Study (AHS), certain
historical aspects of the selection process continue
to hold interest for the AHS. Two points are
of particular interest:

Since the investigations on the 195,000 survivors
were of increasing levels of completeness
throughout the selection period, being 97%
at Selection I, 99.8% at Selection II, and
99.9% at Selection I[II, the possibility must
be entertained that Selections I and 1I differ
as to mortality prior to selection because of
an association between mortality and ease of
investigation as to eligibility; and

In assembling Selection I, primary emphasis
was placed on Group I, those within 2000m
ATB known to have had acute radiation symp-
toms following the bombs; since the selection
was made retrospectively, after some subjects
had died, one must ask if the deceased and
the survivor, both with acute symptoms in
1945, actually had the same chance of being
chosen in Selection I in 1958,

Recent studies directed at the foregoing problems
are summarized in the Appendix. Present indi-
cations are that the infrequence of honseki changes
in Japan, and the comparatively small increase in
mortality among those who change their honseki,
lend no support to the fear that the use of
the honseki obtained at interview for eligibility
might have introduced bias into the distance and
dose comparisons. The mortality of subjects
in Selection I, used for the AHS, continues to
be substantially lower than that of subjects in
Selection 11 of comparable age, sex and city.
when limited to 1950 survivors exposed at or
beyond 1800m in Hiroshima and 2000m in
Nagasaki. This difference remains unexplained
by this analysis and merits further study.

Investigation of a sample whose acute radiation
symptoms are reported on the 1945 Joint Commis-
sion investigation schedules fails to suggest that
death prior to interview for eligibility for inclusion
in the heavily exposed subgroup of Selection 1,
for which a history of such symptoms was required,
could have excluded early deaths from Selectionl.
Moreover, the mortality advantage of subjects in
Selection 1 is not merely an early phenomenon
but continues through the 1964-66 period. The
Appendix contains systematic comparisons of the
major sample components used at ABCC in devising
investigative plans and storing data, namely:
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Ascertainment of Mortality

The Japanese family registration system was des-
cribed in the first '1'-epc>rt.2 In brief, every
Japanese citizen has a permanent place of family
registration (honseki) to which a copy of the
death certificate will be sent in the event of
death. There the date and place of death will
be posted on the registration record (family koseki),
The LSS was designed to utilize this system for
the ascertainment of the fact of death. Cause
of death is then obtainable from the Health
Center in the area where death occurred, under
standard procedures established for the study by
the Japanese government. Retention of the death
certificate by the Health Center varies, but the
legal minimum is 3 years.

At the onsel of the study, before the now routine
triennial koseki check for mortality was instituted,
investigation of the census lists for eligibility and
other follow-up work had developed information
on mortality by direct field investigation, inde-
pendently of the koseki record. It was of especial
interest, therefore, to include the deceased among
those sent to the koseki-ka for the first mortality
check in 1958, and to learn that the koseki records
revealed all but nine among the 1300 known
deaths in Selection I subjects in the period 1950-58.2
In planning the presenti report an effort was made
to obtain a later reading on the completeness of
the mortality information on the koseki record.
Although migration is not as frequent in Japan
as in the United States, it is nevertheless fairly
common among the younger A-bomb survivors,
becoming pronounced in late adolescence in associa-
tion with schooling, marriage, and employment.
It has seemed important, therefore, to learn whether
the ascertainment potential of the family registra-
tion system is being eroded by migration or social
change. Finally, information on the lag between
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death and the availability of the information in
the koseki record was sought as a guide to estab-
lishing cut-off dates for analysis.

Since any national system of mortality registration
will break down in the face of external migration,
if the koseki record shows that the subject emi-
grated prior to 1 October 1966, without returning
to Japan to live, he has been excluded from the
present analysis. In all, 56 such cases have
been excluded; duplicate cases, other errors in
identification, and subjects whose koseki could
not be found account for the remainder of the
difference between the 99,389 subjects specified
by Jablon et al as the final selection for the
LSS.* and the 99311 used here. Addition of
the 9513 reserve subjects within 2500m ATB
brings the sample to 108,824 for the present analysis.

All individuals in the LSS sample not already
known to be dead on the basis of previous
koseki checks are rechecked every 3 years, on a
schedule that takes one-third of the sample each
year.  All Selection | subjects not known to
have died previously are visited by members of
the ABCC contacting staff to arrange the biennial
outpatient examinations of the AHS. To subjects
who have moved from the immediate area served
by the ABCC clinics, letters are written to verify
address and survival. In this way the patient
contacting process provides independent informa-
tion that may be used in investigating the com-
pleteness of the koseki check. When the file was
closed for the present analysis, the 5th cycle of
AHS examinations had begun, and the period of
the 3rd cycle, 1962-64, had been investigated by
both the patient contactors and the staff making
the koseki check. At the end of cycle 3,
however, 202 Selection | subjects were carried as
“address unknown,” so that even intensive patient
contacting and letter follow-up do not suffice
to provide absolutely complete ascertainment for
Selection 1. At that time, about 2200 subjects
were listed as migranfs from the areas served by
the clinics. By December 1966, 331 deaths
among Selection 1 subjects in the interval July
1962 - June 1964 had been ascertained. Every
death had been checked at the koseki-ka, and
in no case did the koseki check fail to reveal the
the fact of a death occurring 3 months or more
before the check was made,

Since the great majority of deaths in the mortality
sample occur at the older ages ATB, which are
least subject to migration, about 90% of deaths
in the proper part of the sample still take place

2E8hhi. Rikiz, BCHrsEBEME TOT IS
WTLEAT, Bfo-b0MR2Ew 2B E L L .

SHEHNZECBEHED T <THHENBE| 2 L-THE
TEZHTWSOT, SFREHI66FE10H 1 A LGENIZF
ELTZIOERBEL T AW LFELEBLTHSIBE
121k, SEORE2GEFLE. 2oL 2 H 2 HH6E
TH 7. FpapE o8& o Aeny 2 & L Jablon
50 #HEL299,380% L, SEIZZCHIMELA9,311%
LML, ZhLSMIEHEA, SFWROBEOZ 00
M, FROMBIFTEAD 2B VB30 THS
. TRBODTHEIBECZSDmEHE{I-H - ~HB513E
REML 20T, $OOBEHFICH V- HREIL 108,824 &
(Gl r oD

FHESE, BF, $a8EHRB03IFO 12122
wTiTdbhakiI)f@Ezh, TNIZE-T, LAfoOR
FRETHCOREO 2B RoMEL3IFET L
EHigt->Twa. HEORED L OE [ KMo £8
220 T, MAMBEETCHITS 28121 EOBR%EEF
43N ABCCHMBS R AL Twa., 208, e
BLUEBI R L 2B EEENES TR - TERE
O EMPL TS, COLIEFENRE LD
MEFZEAUT, FERGOREELH<I LD IZHA
TEafil AWM Roh s, 2RIOMFOLHIZE
BA@od-o sz, RARESEEOR S EMBEREH
MisshnTHn, EI/W, ¥ 2bs, 1962—4F0 i
HMEOLBWTOMBAICLI3BFELFBMAEHNLLIERET
LTwvi, LAL, S3@BAFRTLAMCIE, FLX
HMEHOHREPO 202 ERTERTMITH 20T,

W R TEOIl A E CEEC 2 I A0,
N L BEMNEZ T TRA V0 IHXATHES, 20
ERLZiE, d@REO 3522008853 LM~ 8 L
Tk, 196683 E T, H 1 KMEEIC 5207 519624
TH—1964FE 6 HOMMOTECHE 331 A HMEL L. =
NDFACELAOFBEEE2ITL 4, BEO3I AL
BIOTEC I+ <X THRET 2.

BEFAENABFRORCOAE TR, BOORL 25w
BEBETHAONT, HEGSEHORFHIHITSTE
COHNBIERELES - EHEFEHTEI TS, L



in Hiroshima and Nagasaki. Thus the lag in
posting to the koseki records is short. Tabulation
of a representative sample of about 2000 deaths
occurring in the period 1958-63, and ascertained
prior to 1 October 1966, showed that 98.9%
were posted to the koseki record by the end of
the 4th month after death. Shorter intervals
were not tabulated but the percentage would be
appreciably lower in the Ist and 2nd months.

From the beginning of the AHS there has been
concern as to the possibly selective nature of
migration, and even for the LSS some concern
that the ascertainment of mortality might prove,
in time, to be less complete for migrants. Some
reassurance as to the latter point has been provided
by the foregoing analysis. The association be-
tween migration and mortality was attacked on
the basis of residence at the time of the 3rd
cycle contact (1962-64) for subjects in Selection
I and mortality in the 1962-66 period. This is
a slightly biased comparison, in that perhaps 10%
of the subjects classified as migrants were not
actually exposed to the risk of dying as migranis
throughout this period, but is nevertheless useful
as a benchmark.

Migrants were somewhal more numerous among
those not in the city ATB, about 16% being
listed as no longer in the city or adjacent area
served by the clinics, in comparison with 11%
of those who were actually in the city ATB.
But the greatest source of variation is age, since
migration reflects primarily the career choices of
late adolescents and young adults. Sex and city
are also important, as may be seen from Tablel,
which is restricted to those in the city ATB.

There were 742 deaths in Selection I subjects in
the 1962-66 interval, or 4.1% of the 18,016 alive
on | October 1962, The classification by residence
in 1962-64 (Table 2) is not clearly associated
with mortality in 1962-66. There were 39 deaths
among the migrants in comparison with 48 expected,
after adjustment for differences in age, but P >.05.
It may be only because migration is not common
among the elderly, but reflects career and marriage
opportunities of the young, that the ascertained
mortality of the migrants does not yetl clearly
differ from that of those who remain in the
areas served by the ABCC clinics. Plainly, the
mortality of migrating members of the sample
will assume greater importance in the future and
it will become increasingly important if their
ascertained mortality differs from that of those
who remain in Hiroshima and Nagasaki.
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Mortality Information

From 1 October 1950 to 1 October 1966 there
were 16.536 deaths in the extended mortality
sample of 82,271 A-bomb survivors plus 26,578
who were not in the city ATB. The interval of
observation for mortality varies somewhat between
these two major components of the sample?
All the A-bomb survivors were observed for a
full 16 years, but difficulties in assembling the
matched comparison group who were not in the
city ATB could be solved only by resort to
census lists generated after 1 October 1950,
especially the Hiroshima Daytime Census of 3 June
1963,  Direct comparisons using those not in
the city ATB become needlessly complex for
the first 3 years of the 16-years period and have
been sacrificed to ease in tabulation. Also, since
Jablon et al* have shown that subjects not in
the city ATB have lower mortality ratios than
the survivors at all distances, dose-specific analyses
are best limited to the survivors, for whom the
full 16 years can be studied directly. Since the
late effects of radiation seem not to be randomly
distributed in time, the present analysis is structured
in terms of calendar time (interval from radiation
to observation) as well as age ATB. Other basic
variables determining the pattern of analysis include
sex, city, dose or distance, and cause of death,
Somewhat arbitrarily, therefore, the 16-year period
of observation was divided into four 4-year intervals
ending 30 September 1954, 1958, 1962, and 1966.
The numbers of deaths in these intervals are:
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Year Total sample A-bomb survivors
e i 8 A 1

1950-54 3531 3045

1954-58 4286 3357

1958-62 4326 3274

1962-66 4393 3417

Total it 16536 13093

Deaths have been coded as to underlying cause
according to the 1955 (7th) revision of the
International Statistical Classification of Diseases,
Injuries, and Causes of Death'? as interprefed
by the Statistics Division, Ministry of Health and
Welfare, to achieve maximum comparability with
official Japanese mortality statistics.  Although
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the autopsy rate is currently about 40% for the
LSS sample of 100,000 subjects, rarely does the
physician have information from the postmortem
examination before he certifies the fact and cause
of death. Thus, apart from leukemia, which is
so intensively studied in Hiroshima and Nagasaki
during life that one must suppose that death
certificates from these cities are far more complete
and accurate than elsewhere in Japan, there is
no reason to expect that the quality of death
certification in Hiroshima and Nagasaki differs
greatly from the average for Japan.

Only the underlying cause of death has been
used from the death certificate because Ishida
and Jablon have shown that, in this material,
the coding of secondary causes and associated
conditions adds very little information to that
provided by the underlying cause.'®

As noted, ABCC postmortem studies'® have pro-
vided specific information on the validity of the
underlying causes of death obtained from the
death certificates, and it is hoped that the volume
of autopsy material will ultimately permit consid-
erably more trenchant analyses of individual
causes of death than death certificates will support.
For the present, however, the autopsy material
can be used only in supplementary fashion, and
the obligation to use the underlying cause of
death seems clear.

In the interests of efficient tabulation, a recoding
scheme was developed on the basis of past experi-
ence with the data, the increased interest in
specific forms of cancer, and the need to represent
all systems. This regrouping of the ICD rubrics
is listed in Table 3. The recodes there were
used both individually and in various groups,
e.g., 01-82 (ex. 24) to represent all natural causes
except leukemia, 10-23 all cancer except leukemia,
11-15 cancer of the digestive system, eic.

As in the earlier analyses of this series, the
mortality sample was compared with the nation
as a whole as part of the effort to evaluate
procedures for the ascertainment of mortality.
The geographic distribution of the INIH-ABCC
mortality sample is not that of the entire nation,
of course, as most subjects still live in Hiroshima
and Nagasaki. Hence, in any really close com-
parison between the mortality sample and the
nation as a whole the geographic influence must
be considered as well as the A-bomb experience.
In Table 4 some comparative mortality data are
given to indicate the importance of geographic
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variation. It tends to be reflected in rates for
particular causes even more strongly, of course.
For example, in Nagasaki death rates have been
well above the national average for tuberculosis
over the period under study here. In Hiroshima
rates have been especially high for accidents.
Expected deaths were calculated for cify-sex-age
groups for each year, on the basis of age- and
sex-specific mortality rates for all Japan in that
year, and the appropriate sums compared with
the numbers of deaths actually observed. Because
of the irregular onset of the period of observation
for their mortality, those not in the city ATB
were omitted from the calculation, For adminis-
trative reasons the calculation was further restricted
to the 72,758 A-bomb survivors in the proper
part of the sample, i.e., excluding the reserve group.
Age was grouped in S-year intervals for purposes
of calculation throughout. Estimates were made
for the following somewhat arbitrary groups of
Causes.
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Recode ICD (7th) Cause
e 1E /& 5 7 WFIPE AR 5 5 FEE
01-98 All z All causes %%E[M
90-94 EB00-E999 Accidents, poisonings, and violence
TROHE, PELLUVED
01-82 001-795 All natural causes, including leukemia
W (ALFHEED)
01 001-019 Tuberculosis
Lot
10-23 140-203,205 Malignant neoplasms, except leukemia
BT & B ¢ TR 0
24 204 Leukemia
SN
40-43 330-334 Vascular lesions affecting central nervous system
o R 00 M4
51 420 Arteriosclerotic heart disease
O I (L P L
62 540-541 Peptic ulcer
A
70 590-594 Nephritis and nephrosis H# & L tf 5 70—+

Finally, the calculations were not made as one
would create a life-table curve of survivors (Ly),
i.e., by multiplying the omnginal cohort by the
complement of the mortality rate for the Ist
vear, reducing the cohort by that product, and
then multiplying the reduced cohort by the rate
for the 2nd year, and so on. Rather, they were
made by multiplying the observed (midyear)
number of survivors in each year by the rate
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for that year, so as to enhance the value of
the expected deaths for time-specific comparisons.*

For the 72,758 A-bomb survivors whose ecpected
deaths were estimated in the fashion described,
the 16-year totals are as shown in Table 5 for
both cities and both sexes. In view of its
A-bomb experience and narrow geographic selection,
the mortality sample differs from the national
average less than might have been expected.
Outstanding is the discrepancy for leukemia, but
also of interest are those for other malignant
neoplasms and for tuberculosis. In comparison
with an expectation of 25 deaths from leukemia,
the A-bomb survivors in the sample actually
suffered 96; for those within 1400 m ATB, how-
ever, only three were expected vs 57 observed.**
For the individual 4-year periods the O/E ratios
are .97, 1.04, 95, and .97. For the four
city-sex components of the sample the ratios are:

Hiroshima
T

Nagasaki

I
T B

That is, for both sexes, mortality in Hiroshima
is at or below the national level, but in Nagasaki
the ratios are well above. This comparison is
extended to other causes in Table 6. Age ATB
is considered in Table 7 also by cily and sex,
for the age groups 5-9, 15-19, etc.,, ATB. There
is no consistent tendency by age.

Procedures for obtaining permission for autopsy
al ABCC are such that the attending physician
will almost always have filed the death certificate
before autopsy can be performed. This creates
an unusual opportunity for monitoring death certi-
ficates as to the quality of their information on
cause of death. Jablon et al'® evaluated the
ABCC series of 1215 autopsies for 1950-62, and
showed that the correspondence between the
underlying cause of death and the principal autopsy
diagnosis is generally good for malignant neoplasms,
and for the major cardiovascular-renal diseases as
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' We are indebted to Mr. Masanori Otake for these calculations.
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“+ At the level of all known causes of death (excluding 32 deaths from unknoum cases), there were 11,810
ohserved (0) deaths vs 12,006 expected (E), with O/E = .98,
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a class, but poor for most of the individual
circulatory diseases. They also showed that since
1961 the ABCC autopsy series had become much
more representative of all deaths in the mortality
sample, especially regarding exposure to atomic
radiation and cause of death. By the end of
1965 the series had increased to 2539 autopsies
of which 1972 had been accumulated in the
1961-65 interval when the average autopsy rate
was 39%, and every effort was being made to
achieve a maximum, unbiased procurement, In
1967 Beebe et al studied the series accumulated
through 1965 as to sources of variation in the
autopsy rate, probable validity of the death certifi-
cation of cause, and possible influence of atomic
radiation '*  They showed that the autopsy series,
while still subject to some selection with respect
to age, place of death, exposure to radiation, and
cause of death, had become increasingly represen-
tative. A summary of their findings as to
correspondence between the principal autopsy
diagnoses and the underlying cause of death is
given in Table 8. The detection rates shown
there give the likelihood that the cases attributed
to a principal autopsy diagnosis will have the
same diagnosis as the underlying cause. The
confirmation rate gives the likelihood that cases
of a given underlying cause will have been
“confirmed” by the principal autopsy diagnosis.
These are not the only useful measures of validity
or even of agreement, and do not use all the
information available. That is, for 39% of the
underlying causes lacking confirmation by the
principal autopsy diagnosis, the underlying cause
did nevertheless appear among the ancillary autopsy
diagnoses. Thus, among 152 cases with tuberculosis
as the underlying cause, only 100, or 66%, had
tuberculosis as the principal autopsy diagnosis,
but in 123, or 81%, tuberculosis appears among
the autopsy diagnoses. These considerations are
especially important for individual -circulatory
diseases which have low confirmation rates. For
example, there were 316 deaths for which cerebral
or subarachnoid hemorrhage was the underlying
cause, and less than 20% of these were “‘confirmed™
by the principal autopsy diagnosis, but in an
additional 33% these conditions were among the
ancillary autopsy diagnoses.

Low detection rates reflect proportionate losses
in the amount of information, cases are missed.
Confirmation rates, on the other hand, measure
the validity of the underlying cause in terms of
the principal autopsy diagnosis. The observations
of Table 8 suggest that only for tuberculosis, most
forms of cancer, cirrhosis, possibly diabetes, and
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trauma are confirmation rates reasonably high.
This does not mean that for all other causes the
data are so inaccurate that later radiation effects,
if present, could not be found, but it does mean
that such effects must be fairly large to emerge
from the analysis. Obviously the data on leukemia,
where the radiation effect is very large, could
be subject to considerable error and still provide
statistical evidence of radiation leukemogenesis.

Although, on the basis of Table 8, it was not
considered desirable to limit analyses of underlying
cause of death to the diagnoses of greatest validity,
it was nevertheless decided to supplement that
analysis with autopsy data of the 1961-66 period,
and to employ all autopsy diagnoses, not merely
the principal autopsy diagnosis, The distributions
of diagnoses derived from 1576 autopsies are
shown in Table 9. Tabulations were made for
the diagnoses starred in Table 9 and were restricted
for convenience, to subjects in the proper part
of the sample with T65 dose estimates. Because,
even during 1961-65, there remained some selec-
tion of autopsies with respect to distance from
hypocenter ATB, tabulations of the autopsy
diagnoses are confined to the set of 1576 autopsied;
aulopsy diagnoses are not related to the entire
sample of subjects as is done in the analysis of
underlying cause of death. It is believed that
this procedure does guarantee that the search for
radiation effects is free from the small bias in
the autopsy rate itself.

Dosimetry

The methods used in developing the dosimetry
for A-bomb survivors have been described by
Arakawa with particular reference to the T57D
system used at ABCC in the period 1959-65.°
The current T65D system represents a major
modification based in large part on the work of
Auxier et al'® and of Cheka et al'' and is
described in detail in an ABCC Technical Repc;rt.9
An independent confirmation of the air-dose curves
of Auxier et al'® has been published by Hashizume
et al.!?7 Values calculated for individual survivors
depend on detailed shielding histories® obtained in
the period 1951-60 in Nagasaki, and 1954-62 in
Hiroshima. There is little objective information
on the reliability of these histories, the collection
of which has been under the supervision of
consultants from the Health Physics Division,
ORNL, since 1957, but throughout the period of
inguiry survivors seemed able, with the aid of
aerial photographs of the city before the bomb,
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to recall their circumstances ATB in great detail.
When stated distance ATB on a sample of the
Joint Commission records was compared with that
obtained independently by ABCC shielding techni-
cians years later, the agreement was good.'® In
his psychiatric interviews in 1962, Lifton’® was
impressed by the immediacy with which survivors
recalled the events of the fateful day.

Although ABCC field workers have customarily
evaluated their shielding histories in terms of the
probable reliability of their informants, and the
resulting classification is carried on the source
tapes used for the present analysis, no adequate
analysis of this classification had been made prior
to the planning of the present report. Accordingly,
this classification has been ignored in making the
currenf analysis, and all dose estimates were
employed.

The T65D estimates of both gamma and neutron
doses for Hiroshima survivors are generally a half
to a third of the T57D values (Table 10), reflec-
ting the drastic revision in the estimated vield
of the weapon by Auxier et al,'® moderated
to some extent by considerably higher transmission
factors for gamma rays. In 1962 Brill et al?®
called attention to the greater apparent incidence
of leukemia per T57 rad in Nagasaki than in
Hiroshima. Jablon et al later noted? that the
TS7D estimates for Hiroshima and Nagasaki seemed
incommensurate when the survivors of the two
bombs were compared on the” basis of their
reported prevalence of acute symptoms ATB, a
rad in Nagasaki seeming to be about twice as
potent as a rad in Hiroshima. Accordingly, the
latter comparisons have been repeated for the
new T65D estimates (Figure 1) by Fukushima,?'
and again the cities differ, but their position is
reversed. The two bombs differed greatly in
their spectra of nuclear radiation, the air dose
at 1000m being made up of gamma rays and
neutrons in the ratio of 1.3:1 for Hiroshima and
about 25:1 in Nagasaki. If the T65D estimates
are correct, it would appear that an average
RBE for neutrons would be about four for such
major acute symptoms as epilation.

Although the present sample is heavily weighted
with proximally exposed survivors, about two-thirds
of the T65D estimates are below 10 rad. The
distribution of the entire sample of survivors, by
city, and according to the class-intervals used here,
is given in Table 11, with neutrons and gamma
combined 1:1 to provide the total dose. It has
not been possible to estimate the dose of almost
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FIGURE 1

FREQUENCY OF HISTOPY OF EPILATION BY TG5 DOSE & CITY
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5% (3% in Hiroshima and 9% in Nagasaki), either
because of unusual shielding situations for which
reliable methods of estimation do not exist
(trolley-cars, factories), or because death or migra-
tion occurred before a shielding history could be
obtained.  Shielding configurations outside the
scope of present estimation procedures are much
more prevalent among Nagasaki survivors, There
is an association belween the absence of a T65
dose estimate and early (1950-54) mortality that
has strengthened our determination to perform
the analysis on the basis of both dose and distance,
and to include among the dose-specific comparisons
one that would enable the higher initial mortality
of subjects with unknown dose to be examined
(Table 12). The indications are that initial mortality
is high in those lacking T65D estimates because
death occurred before shielding histories were
sought, and that they tend to be drawn from
those most proximally exposed. Of the 3791
subjects of unknown dose, 1918 were exposed
within 1200 m in Hiroshima or within 1500 m in
Nagasaki, and represent 26% of all 7340 in the
sample exposed at these distances. In each city,
for fixed distance, 1950-54 mortality is higher
by an average of about 50% among those whose
dose is unknown as compared with those whose
dose could be :zalculated.

STAT A251 REF 2

EALER R L SR E A B 2EA RS
15 % (KM 3%, LW 9%) 1250 TR
RiTOHRMEEZOBICSH S ER
RRTOE X EGORBE LS S0, TEHHRIE
MO {7 8 & W ZELS 3 (1950—5B44F ) & I 12 P (A0 A
GO T, #ILE MIREO A A TR & A D
HHEEL, HEMILEo D CHBIRO TR LS
AitTHoF s Y MECEOR M &
Ralt a2 2L 2 (4£12). THHEEEWMHIBEs L
VA RMFECE A SO, RN A EE L e
Lizmedl, 0k 5RAFRMNIMO MBESREL
LT &< e

e,

HREHETH - 1.

3

A

gami<,

NTwsHmAHsLEIZAHLS. Hild
TR ITOLE O 5 & 19181A (X 25 T 1200m 4 i, Ba§T
150mAEHOERETHN, ChsBCnliBE S I
AR FHEUTBWEN26% 124, 5. Wifiowvihi:
BUTHL—FTONMZET31950-MEDRLER, 8
BEGMHOFOIE ) HMEHFHOTHETH 2 2 H LD Lop
BHLTH50%E.



Calculation of the T65D estimates has encouraged
primary reliance upon these estimates in screening
the experience for evidence that late mortality
depends upon the amount of ionizing radiation
received.  Ground distance* ATB has not been
ignored, however, but has been used in parallel
analyses for the sake of continuity with the
earlier reports, because dose cannot be estimated
for a significant number of survivors, and because
of the correlation with mortality already discussed.
Distance is handled somewhat differently in this
report because of the change in air-dose curves.
It no longer seems advisable to divide distance
in the same way in both cities and then combine
the city-groups directly. The new intervals employed
for distance, and the median T65 total doses
(neutrons and gamma combined 1:1) are:

B 8 b LY A At AN & o) M) 5 e % TR
TAEHIZOTHMREEERL2EL L THVAZ &I
L. LAaL, RIBFoORREgE* dmRlL 25 £,
UilowEEso—RMitkzigo240, 4, fliBOEH 12
HL4BOEBRE v ToRBEENTTRRTSHN,
Foy TOAFECELHMA S ST L2 EDHET, Ak
FHOTRHRIFZHEITLTITFE o4, 2£2 L, ZRiGEd
MEEEHFMZohAOT, SEOMRETEEENT
HeBFELTHH. EimpTHEBEEZALL I CE
L, TOSATET2EESHT S LIESFL L
v Bhii. B L OSHE T & T oh
S (PETFETrvEEs 1L OMETEH) Eko s
BENTHS:

Ground Distance ##58

Group Median Dose
i3 Hiroshima 1 Nagasaki [+ 40 Tk e 4 il
I 1700+ .m 2100+ m 0 rad
11 1400 - 1699 1800 - 2099 18
111 1200 - 1399 1500-1799 60
v < 1200 < 1500 199

Those who were not in the city ATB, but who
entered within the next 30 days, have been divided
according to earliest date and depth of penetration
toward the hypocenter, in recognition of the
fact that some of the early entrants report symptoms
characteristic of acute radiation injury, and of
the decision of the Japanese government to recognize
as “exposed” those who entered within 2 weeks.??
Analyses of induced radiation and fallout®®+**
suggest that early entrants probably did not receive
significant amounts of radiation. Even if effects
were to be demonstrated for this group it would
be impossible to describe them in dose-specific
terms. For these reasons, and also because those
not in the city ATB differ sociologically from
the survivors of the direct radiation, the dose-specific
analyses are confined to those who have stated
that they were in the city ATB.
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*In calculating dose it is "‘slant distance®™, i.e., distance from the epicenter, that is used. For Hiraoshima slant
distance is a simple linear function of ground distance, but in Nakasaki, where the terrain of interest is not entirely
flat, this is not the case. Nevertheless, ground distance is used bere in preference to slant distance for the sake of

comparability with prior unalyses.
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Statistical and Other Considerations

Since it cannot be assumed that the effect of
radiation will be uniform with respect to demo-
graphic factors, calendar time, or even city at
the level of total dose, and since the risk of
mortality is especially sensitive to such factors,
the analyses have all been controlled on age
ATB, sex, city, and calendar time. Comparisons
are either standardized for age or are age-specific,
and separate tables are provided for each of
four 4-year intervals and for the entire 16-year
period. Age is grouped in I10-year intervals of
age ATB in these tables, and the time-intervals
are the four 4-year periods defined previously.

Since the radiation under study emanated from
bombs, the possibility must be entertained that
the radiation dose received by a survivor is
correlated with other characteristics that might
influence survival, whether these be other products
of the bomb or ecologic factors whose distribution
somehow correlates with that of the radiation.
Such effects and correlations have not been shown,
but neither can they be dismissed out of hand.
For technical reasons it has not been possible to
include such factors in the present report.

Screening the mortality of 16 years for evidence
that ionizing radiation may have influenced the
probability of dying in this interval implies
dependence upon stafistical test, and some tests
are more sensitive than others against particular
alternatives to the null hypothesis of no relationship.
A small but linear increase in risk with increasing
dose, for example, may not seem to be a signifi-
cant departure from homogeneity in a 2xnX’
test of general homogeneity in which the direction
and ordering of discrepancies from average expecta-
tion are not considered. However, it may be suppo-
sed that any effect of radiation would be propor-
tional to dose, or to some function of it. Hence tests
were used that would take into account the pattern
of differences in mortality in relation to dose.
These tests may be illustrated with reference to
the comparisons utilizing total dose grouped into
five classes, including one of unknown dose, and
on the basis of deaths from all causes for the
total 16-year experience (Table 13).

There the expected values are sums accumulated
from the respective age-sex-city elements of which
this table is the summation; they are not obtainable
from the observed totals given in Table 13. Seven
different tests were performed on each such table,
as follows:
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Statistical test Alternative hypothesis Test statistic #!f & df . Chance
# B E b} i (AR t* g u e FIONATLy
=
1 K Known vs unknown dose Difference in either direction —3.45 — <.001
ot it P s BE o282 G 7B EHH>
2 L Linear trend Increase with dose 2.72 - .003
5 (o] 4 wWEte LR
3 Residual quadratic Convexity or concavity of trend —.21 - >.10
BEEHA hE 22 2 Mo Him s
4 Residual cubic More complex trend 1.13 -  2>.10
L AH E 5 (UL b e
5 Q Quadratic trend Quadratic increase with dose — 7.46 % 0.24%*
ki AR &z ToRER AR AT 1T HEIN
6 H Total dose Nonhomogeneity of 4 known - 8.73 3 .033
ant dose groups
Mo ey EERE
7 Total table Nonhomogeneity of all 5 groups — 20.66 4 <.001
£ -] ooy 2T EHTE
* Normal variate. [ER%E W 01863-T-1

** The Q statistics was considered to provide evidence against the null bypothesis in favor of the alternative
of increasing trend with increasing dose only if the L statistics was positive (whether or not significant).
Therefore, the P-values obtained from x2 tables for the Q statistics are conservative.
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The test on the alternative of a linear trend
with increasing dose is very much more sensitive
to the departure from homogeneity seen in Table 13
than the test of simple nonhomogeneity of the
four groups with known dose, There is also
a significant quadratic increase with dose, but
the departure from linearity is well within chance
limits. Throughout the analysis, tests 1,2,5,6,
and 7 will be systematically used in screening
for relationships between mortality and dose grouped
as in Table 13. The results of tests 1, 2, 5
and 6 are routinely shown in the tables on the
dose groups where they are coded K, L, Q and
H respectively. Scaling to serve the needs of
the tests of trend used median dose estimates
for the groups: 0, 17, 75, and 250 rad.

The testing procedures used for Table 13 were
uniformly exiended to specific causes and groups
of causes, and to the control variables so that
no relationships would be obscured by the averag-
ing implicit in the adjustment process:

City and sex - each comparison was first done
for each of the four city-sex components of
the sample, then for the subtotals by city and
by sex, and finally for the total sample.

Calendar time of exposure to the risk of dyving-
for am only somewhat less complete list of
causes of death the tables for the 16-year period
were repeated for each of the four 4-year
intervals defined above.
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Age ATB - age-specific comparisons were made
within each of the 4-year intervals with adjust-
ments for sex and city.

The separate tables by city have the merit of pro-
viding some protection against the risk that the T65
dosimetry is not equally appropriate for the two
cities, and to a lesser extent against the arbitra-
riness of the 1:1 combination of the gamma and
neutron components of total dose, and against the
possibility that in one city or the other changes
in mortality with dose merely reflect a confound-
ing of dose with some irrelevant variable like occupa-
tion. Separate tables were not prepared for each
type of radiation. Tables on the other factors
provide some guarantee that sex-specific, time-
specific, and age-specific, relationships will not be
missed.

The grouping on dose shown in Table 11 dominates
the analysis, Although we would have preferred
methods of analysis, such as analysis of variance
and multiple regression, in which dose was not
constrained by so arbitrary a grouping, the distribu-
tions of the basic variables (sex, city, age ATB,
survival, dose) seemed to us to preclude major
dependence upon such methods, We did, however,
make a second analysis parallel in scope to that on
total dose, in which we used mean log (total dose
+ 1) in a large series of Student’s t-tests on
10-year age ATB groups of each city and sex, where
the contrast was between mean dose for those
who died and those who did not. These tests
were combined to yield probability judgments for
each city and sex, and for the total sample.
They were done for both the 16-year period and
the 4-year intervals. In addition, the four city-sex
tests for each age-group in each 4-year time interval
were combined at the probability level. The selec-
tion of causes used in these parallel analyses was
very nearly as complete as that for the analyses
using the several dose-groups of Table 13.

Distance was analysed in much the same fashion
as total dose (Table 14). The tests were fewer
because of the absence of a set of cases of
unknown distance (distance ATB was a criterion
of eligibility in the original sampling plan '), Also,
no effort was made to use distance as a quantitative
variable; only the distance groups in Table 14
were used. Scaling for the tests of trend made
use of the median dose for each distance interval.
It will be seen in Table 14 that the test of linear
trend does not fit well, and that the test of
general nonhomogeneity is more powerful than
that for linear trend, in contrast to the situation
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when dose is used. The tables on distance include
tests coded L, Q and H.

A fourth general analysis was made on both the
exposed members of the sample and those who
were not in the city ATB. partly for descriptive
purposes and partly to investigate the early entrants
in a more specific way than was done in the
first report.? Table 15 exemplifies the nature
of the contrasts used on the basis of Hiroshima
females for 1954-66. comparisons for Hiroshima
exclude the 1950-54 period as a matter of con-
venience in tabulating, since so many of those
not in the city ATB were drawn from the 1953
Hiroshima Daytime Census. As explained in the
footnote, groups a-c are early entrants who penet-
rated to varying degrees of closeness to the hypo-
center sooner or later, and remained for shorter
or longer periods of time. The late entrants are
those whose first entry was 30 days or more after
the bomb. The expected deaths were calculated
in the same fashion as those in the other analyses.
The comparisons perfain to the entlire period
1954-66, to the four 4-year intervals for Nagasaki,
and to three 4-year periods for Hiroshima, and
include summaries by city and sex. Age-specific
comparisons were not made, but age-adjustment
was always done. Fewer causes of death were
examined than in the case of other analyses.

Finally, because of the biologic interest attaching
to age ATB as a factor influencing the probability
that ionizing radiation will exert a particular effect
upon subsequent n‘sortality,25 in addition to the
age-standarized comparisons of the four dose-groups
and the four distance groups, and the use of mean
log (T65D+1) in age-, sex-, and city-specific com-
parisons of those who died of a particular cause
and all others, a separate series of age-specific
comparisons was made for l0-year age (ATB)
cohorts in which both sexes in both cities were
combined. These supplementary-age-specific com-
parisons were made for each 4-year time period,
and the several measures of exposure were emp-
loyed; the four dose-groups, the four distance
groups, and mean log (T65D+1) for thase who
died vs all others.

In the course of the analysis several thousand statis-
tical tests have been made in order not to overlook
evidence of effects that might otherwise prove
elusive. Performing so many tests, with random
variable models providing the reference criterion,
makes it inevitable that many false positive leads
will arise for which other information, consistency,
etc., provide the only protection against errors of
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inference. It would be a serious mistake to take
a single test result out of context and conclude
from it that atomic radiation increases the risk of
the corresponding mortality.

Models for radiation-induced aging have not been
considered in making this analysis, one reason
being that all previous work with this experience
has suggested to the authors that any effects
are focal, not general, with respect to causes
of death, In addition, although investigators at
ABCC are vitally concerned with the interpreta-
tion of findings, their first obligation to the
scientific community is to make explicit the find-
ings on which any interpretation must be based.

MORTALITY BY CAUSE, IN RELATION
TO DISTANCE AND T65 DOSE

All Causes, Trauma, and All Natural Causes Except
Leukemia

In their analysis of deaths through 30 September
1960, Jablon et al* found that those within 1400 m
ATB had a higher rate of mortality from all
causes, and from all natural causes, than survivors
exposed at greater distances and than those not
in the city ATB. They also showed that the
average T57 dose was higher for those who had
died of all natural causes than for those alive 1
October 1960. Their examination of the data
by calendar time showed that the increase in
mortality among those within 1400 m ATB was
largely confined to 1950-54. When they examined
deaths from all natural causes during 1950-60 by
age, they found that observed deaths exceeded
expectation at all ages at observation except 50-59,
but the relative excess was larger at the younger
ages and at ages 0-9 (at observation) observed
deaths numbered 10 vs only 1.9 expected. Jablon
et al also showed that, among those within 1400m
ATB mortality from all causes was highest among
those closest to the hypocenter. They provided
further evidence that those not actually in the
city ATB may differ in regard to determinants
of mortality other than radiation that make them
not altogether suitable for use in comparisons
designed to detect and measure the effect of
radiation. These earlier findings greatly influenc-
ed plans for the present analysis, which differs in
several major respects other than those already
mentioned, ie., the increased number of deaths,
the inclusion of additional survivors within 2500m
ATB, the advance in dosimetry, the limited use

DOBEDEROAZ N FY THEBHRME 2L - T
CEFEMLALEETSCFRLE VRS
cEEEBS.

SEORT T, BRI LZNBIZOBTOE TN
FE LS £, 2o0BB0o—I1z, Zhs5oMIERI:
Mt afitomECTE, ERCHLToRE LB s
EDTIELLT, L3, BENTHSLIIBbAR
METHY, T, ABCC OMF¥EE LA R oOMBIZIEN
UM AT T0ad, TORTNOERL L3 2R
MBI+ 2 2 L AFRERIEI T 2B -0 MET
HHILEBELIEDETES.

EEMNECRCHBEMSLUTHERIEE@ED
RafR

£%@A, HEE, s5FCENRFER LB

Jablon &% (3, 19605 9 B30[H £ TORT HEOMIT & 1T
v, PEBIEEMMOOmEMOBERECS 3 £ERE &
EMmEi L AFECH, Zh s n &Moo wl s
BUEEIThA v d s etk Rt 2 BB 4.
£/, WL SHCHEOTSTHET Y HEF {2,
1960410 1 H 4o EFHcE~THv 2 LY 5
Nz, EFEORBRMMEI T, HEEBEI00m F M
B ARCEORMMAEE LTI -HED MM 28
Sz, 1950 — 605 (- 211 5 &R FEM & FECRE G 4551 (2
A5 &, U-B9RLNOTATOERBECLEVWTIRCSE
OBBEHEHMFUINLZOILAFBY ENLHNF, BL
O M EERF IR AEL, 0 -9 (F
CHEFEM) THACEOMFERR IR T 5L unlc
ML THBEHIRIAETE - /2. Jablon & 12, HIRERE
1400m R{GIc & 11 5 £FER1Z £ AFECH AL HZHE L
EYBOZ e ERY, 502, FBBRIZATNIZ LD
FIZIE, WRE CWFCEES T S L o BT
CEFbSY, REMEEORELMELERL 2
QIEFRAF LA FLLESETREOT EE2RTH

Bii. 2ok 5 20 RA S 6 ORI O il
kE{EALE. SEOMIFIZE, TR LALS

RO L kT uwi{2r0BRS 5 5. L 2,
ECEHoBEN, HREEF2S50mFEOBHBEOEM
M, |BMEHEZOESE, 1961 -66E 2B 11 3L E



of the principal autopsy diagnosis for deaths dur-
ing 1961-66, the utilization of new distance group-
ings insuring rough comparability between cities
as to total T65 dose, and the use of a variety
of statistical tests that are sensifive to specified
patterns of relationship:

Age ATB is used on the supposition that any
sensitivity of younger persons might not be
fully expressed in childhood, and thus not
come to attention in analyses based on age
al observation.

Although the group not-in-city ATB is retained
in the analysis, emphasis is placed on com-
parisons among the A-bomb survivors them-
selves,

Since the leukemogenic effect is now well
established, deaths from leukemia have been
removed from the categories of all natural
causes, and all malignant neoplasms, so that
the residuals might be examined.

Examination of deaths from all causes is not really
aimed at learning whether the risk of mortality
has been increased by the single, whole body
exposure lo ionizing radiation from the A-bombs,
for we already have the answer to this question
in the leukemia effect. Rather, the problem is
one of deciding how large any overall effect may
be, and how it depends on dose. Nevertheless,
it may be best to begin the presentation of the
data in a standard format suitable for answering
questions about both the existence of effects
and their size. We have not wished to burden
the report with the tremendous volume of underly-
ing data, but include in Table A19 the tabula-
tions of deaths from all causes in the entire 1950-
66 period, by T65 dose, age ATB, sex, and city.
The age-sex-city-standardized comparisons calculat-
ed from Tables A19, A20 and from their equiva-
lent components for each 4-year period, are all
summarized in Table 16 for both sexes and both
cities combined. For the full 16-year period
both observed and expected deaths are shown, as
well as the standardized mortality ratio (observed
deaths/expected deaths), but for each 4-year period
only the ratios are given.  Statistical tests for
which P<.05 are indexed in the right-hand columns.
The high 1950-66 mortality ratios for those with
40+ rad evidently derive chiefly from the Hiro-
shima experience (Table 17) of both sexes. In
none of the city-specific comparisons for Nagasaki
in Table 17 is the variation with dose outside
the range of chance.
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For the entire 1950-66 period the O/E ratios
superficially suggest a linear response with an in-
crease of about 1% in the expected deaths for
every 25 rad. Removal of the leukemia deaths,
however, virtually eliminates this evidence, trans-
forming the O/E ratios to 1.00, .98, 1.02, 1.01,
and 1.07, For those of unknown dose the ratio
1.07 is not greatly reduced by setting aside the
deaths from leukemia; because shielding histories
are rarely lacking for such cases.

For virtually every member of the sample, location
ATB is known in terms of coordinates on a standard
map, and the air-dose was used for individuals
exposed beyond 1600 m in Hiroshima and 2000 m
in Nagasaki if a detailed shielding interview was
unavailable., Subjects whose dose cannot be esti-
mated, therefore, are of several kinds:

Those whose shielding configuration is techni-
cally difficult to cope with (e.g., a passenger
in a streetcar),

Proximally exposed subjects who died too
soon to permit an adequate history to be
taken.

Proximally exposed survivors who migrated
before shielding histories were sought, or who
refused the interview.

If radiation had caused death, the expected dose
of the second group would be higher, and thus its
exclusion would lead to underestimation of the
effect of radiation. The issue gains interest from
the report of Jablon et al® that the O/E ratio
for subjects within 1400 m ATB was highest in
1951-52, higher than that of more distally exposed,
and declined steadily through 1959-60. We shall
attempt to resolve this issue after examining mor-
tality from all causes in each of the 4-year periods,
in relation to both T65 dose and ground distance
ATB.

As noted earlier, the subdivision on distance was
changed from earlier reports to enhance the compa-
rability of the two cities in the light of the new
air-dose curves: af 1400 m the total air-dose is
now estimated tc have been 50 rad in Hiroshima
and 180 in Nagasaki. Four distance groups were
defined so that the dose received by the median
subject in the array for that interval would be
about the same in each city (0,18, 60, and 199
rad). Table 18 provides a sumimary of the total
experience over the lé-year period, with subfotals
for the 4-vear intervals, and Table 19 gives the age-
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and sex-standardized experience of the 1950-54
interval. In three of the four sex-city components
there is statistically significant variation among
the four distance groups during 1950-54, usually
highly so, with evidence of linear trend when
fitted against the average dose values given above.
If this is truly a dose-response phenomenon, then
it represents an increase of 3% to 4% per 25 rad
for the 4-year interval, or 2% to 3% after removal
of the 40 deaths from leukemia,

The 4-year O/E ratios for both dose- and distance-
groups are plotted in Figure 2, The evidence of
variation in risk of mortality in the 1950-54
period that seems so clear in the analysis by
distance is essenfially lost in the dose-specific
analysis shown in Figure 2, and the high O/E
ratio for those of unknown dose suggests that
this group may contain much of the excess mor-
tality of distance group IV in 1950-54. This
might come about if the early deaths in the
unknown dose group involved individuals who
received more than the average amount of radiation.
Although the 222 deaths in the unknown dose
group comprise only 7.3% of all deaths in the
survivors during 1950-54, in relation to the 294
deaths in group IV during this period their number
is formidable. The high O/E ratio for those of
unknown dose in 1950-54 is nol simply the
result of an atypical distribution by age, sex, and
city, as these factors are all standardized in the
calculation of the expected deaths. More concrete-
ly, among Hiroshima males with unknown dose
there were 75 deaths during 1950-54 in comparison
with 42.4 expected on the basis of their age-
distribution; among Hiroshima females 61 deaths
were observed in this period vs 23.0 expected.

Although the specific cross-tabulations that would
provide the ultimate clarification of the role of
the group with unknown T65 dose were not
made for the present analysis, the evidence sug-
pests that the dose-specific analysis breaks down
in the 1950-54 period, and that reliance should
continue to be placed on distance ATB. The
sharp decline in relative mortality risk of the
unknown dose group after 1950-54 (Figure 2)
is puzzling; migration may be a factor here since
those unknown as to dose are much more con-
centrated at age 10-29 ATB than at other ages.
The O/E ratio of .81 derives from 108 observed
and 133 expected deaths. The downward trend
over time and the magnitude of the discrepancy
in 1962-66 combine to rule out chance variation
as the probable explanation.

T, 2o - iHMNETFo s s0=>27F, N2
EEFHROZVEMNNCHEETHY, Lird, T020
FHOEFIEGRREIHT, X0 FHREE ST
HatHBEMMAISSLEFIIZA225. ZhFEsduk
CHRIE-TELARBTHINE, CO4EMIZESS
rad AN 3% LWL 4% S 2 kicih,
HiFE ik 2FECHENREZRES TS L 2% 0L 3%D
Mz 5.

FhENOSRE LM IS AETEOMEE L
SR E O &F 2 (2 L 22, 1950 — 54 £ o) §E B ) A2 f7
THLNBHCEDME A LZEM2 AL AR REIE
TRIEFLEAFEHLGNT, TLEHRTHAOBHIZETS
gL MEFS oA H 0T, 1950 - 544 o) Jh e
NizashZ2ZCRoMmE, TeLTtoorbizEl
TuiNTiRhvrtEiIshs. T4bs, TOZE
BEHECHOERTHOBE IS 2 HEBEREF T8 L
NED e EBEIZTLIZESTHBETESTLS .
1950 - F - & 2MBTHOIECH 222013 £FECH
DT3%IHE TS T ELwA, ZoMlizst5E
MBENoOFCHE 20 Flicte~<s LB BETH 5.
1950 — 54 55 o W% &4 & N TR L @ AR A 0 T 12 W
LD, FiE LU TENFHEOREND L0 TR
LS A, MFEECHoMRTR, chen®E
HoOFXTE20THBELETL-TVWERLTHS.
Lo EREMLIVIE, EB0BECHSHERTHO
BTS00 -MEMNECEHITRHBEEz ATV 20128
L, ZO®EMHHCETCTHE L W3R4T H
-~k BRBoZETI, ZoREMONEECE 6LH
THEOITH L TR E28.0TH - £

sl

TESFRECA T LB O W & Bzl -+ 2 Bty
LIRMERI M AL, SPloMITTRITLOL S5 2N,
1950 =4 . R Z2 0Tk, #EDRIT P RETH 0,
B EREAG SRR HT NE RS AR ERT
1950 - B LI o @ BT OB B W T A
BWECTRLTOUAZILETERTHS (HI2); Bt
THOEE (LT EE MG - 29 0 EH F ol Efo
HFELNZ00OT, ZoBERERYZOEROUVLEDT
F5HE Lhitv. Aurashs\BER: B0k
Bli, HEHIBHS L UHAFHINBHACES{(LD
THa. ZOTHREmBEEELIZHNPOATVLSZE
LR -66E B S3ZOBEZIhEELISE, 20
HEABRES T IREILITETES.

s,



OBSERVED/EXPECTED

5 e

T )
2]

M

14

FIGURE 2 OBSERVED/EXPECTED DEATHS FROM ALL CAUSES BY YEAR,
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When the experience is examined by age ATB
for the entire 1950-66 period (Figure 3), it seems
clear that the disadvantage of those exposed to
180+ rad, or whose dose remains unknown, extends
throughout the age range, but not uniformly so.
It is marked for those under 10, 30-39, and
60+ ATB, and hardly apparent at some ages. The
observed and expected deaths for those under
10 ATB, being of particular interest, are shown
below for 1950-66:

1950— 66550 £ WM 0 + < T OFEL & BRI ERN 12 &
AT5E(H3), 180 rad S LOBLBRTMOBCE
HARCEOHMA T RTOERCHE>TASNSH,
B—-ridasv. EERFEERSII0SLT, 30—390E 5L
GOELL LD OTITHM A EL Y, FEAYHMDZ
GhZVEfb s 5. FIRBFEMII0EL FoHZEE
HFECHEOMFEL L MFREF AR T, 1950—
BOIEDFE R & K IR

Deaths 1950-66 T65D rad

ER=Seira Kos 09 1039 40-179 180+ Unk %
0 m¥x 168 39 32 18 11
E mirx 182 47.2 228 8.02 841
O/E i 093 083 140 225 131

The deleterious effect appears not only in those
exposed to 180+ rad but perhaps also in those
believed to have received 40-179 rad. When the
group of unknown dose is examined by age over
time, it is seen that the excess in 1950-54 is
fairly general (Figure 4), with O/E ratios of
about 1.7 after age 30, and no suggestion that
any | or 2 decades, even the later decades of
life, account for the excess, Those under 10
ATB, and close to the hypocenter, as has been
shown, had an exceptionally high relative risk in
the early years of the study (Figure 5). The
ratios plotted in Figure 5 represent the following
set of observations on those under 10 ATB:

AFLERIE, 180 rad LI FEOBOS S 5140— 179 rad
NFEM/E2ZHARCLESHSNS. HBRTWOBEL &%
WL izHEMse R+ 5 5, 1950—5FIZ6H1 550
TEL S+ <TOIEMIZhASTEN (H4), 30810)0%
OMZEHENFEREOILEN LT TAD, Ty o108
I FO—2d 2, A0 HEMMIZEOTER
b, BAACECH Lo 21230 5 A o, T R0S A
FUELTORICH AR E I, T
E&EFSEsEN TS L CHEVHMIZIECEITRIZ SN
(B15). BIS 2mL s 2 BIRENEER 08 FOREL
SVTERHENTOARO LI ZBEHETRIIETI{ LD
THD:

Deaths 1950-54

Distance Group meees

1950—BlED TEC i I 1 it IAY
0O mZER 35 9 12 13
E misk 47.7 10.51 5.76 5.05
O/E it 0.73 0.86 2.1 2.6

The fact that the excess in group IV largely
represents deaths from leukemia probably explains
the relative infrequency with which dose was
unknown in this youngest age group. In 1962-66
(Figure 5), O/E ratios for those of unknown dose
are just above one, but not significantly so, for
the first 3 decades of life, and consistently about
.75 for the 4th and subsequent decades. The
high-dose groups do not behave this way, but
continue to experience an excess mortality in
1962-66 throughout the age range.
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FIGURE 3 OBSERVED/EXPECTED DEATHS FROM ALL CAUSES BY T65 DOSE & AGE ATB, 1950-66
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FIGURE 4 OBSERVED/EXPECTED DEATHS FROM ALL CAUSES BY T65 DOSE
& AGE ATB, 1950-54
B4 SEBLHRCOMEHEIMNFSOL: TOMA - BT EMT,
1950 — 544

24 - ;
‘i\
‘I‘
2.2 'n‘ DOSE GROUP Mt
\ .'.. 0-9 rad
\ \ —_— 10-39
20 '\ ‘1. — 40-179
: .1‘ et TG
\. \ UNK 1
18 |
1.6
14 |-

il 1 l L 1 1 1 |
10 20 30 40 50 60 70 80
AGE ATB
T I 1 O R

Tab 01863 VI-H-T-5-0198

30



FIGURE 5 OBSERVED/EXPECTED DEATHS FROM ALL CAUSES BY YEAR, DISTANCE,
& DOSE GROUPS, & AGE ATB
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Among the 13,093 deaths there were 116 from
leukemia, 12,069 from other natural causes, 55 of
unknown cause, and 853 from accidents and
violence. The 55 deaths of unknown cause do
not vary remarkably in relation to dose or distance.
Among the subjects with 40+, or unknown rad,
12 deaths of unknown cause were observed vs
Il expected over the l6-year period; 28 of the
55 deaths of unknown cause occurred in 1950-54,
and 12, 10, and 5 in the three later intervals.
Accordingly, these deaths are not further described
here. Before attention is turmed to deaths from
all natural causes except leukemia it may be
helpful to examine deaths attribufed to accidents,
poisoning, and violence,

In examining accidental and violent deaths one
is not looking for radiation effects, of course,
and comparisons confined to the exposed may
not be entirely competent to test for other effects
of the A-bomb experience. Accordingly, more
attention will be paid to these causes later when
those not in the city ATB are compared with
the survivors. Table 20 summarizes the deaths
from trauma, etc., over the 16-year period. The
excess mortality among those of unknown dose
is confined to 1950-34, and is found in all city-sex
groups except Nagasaki males. That it probably
is nothing more than an artifact of the retro-
spective collection of shielding information is sug-
gested by the apparent homogeneity of the total
1950-54 experience by distance for which all
lests were negative (P>>,05):

FECI3,093MOMERE &4 L, AlFELIEHM, Folo
FHTEL2, 06917, I TOHFESSH, TIEO S HIEL LU R
HIESS3 W ThH -4, RETWMOESMIZIE, SkE LG
BEECESZELELS0, Orad P Es20 28R
HOBTIE., ZOIGENI &5 BERTWAOIEC 1210 5
HESALALZOCHL THFRINTH 4. BFETSHD
FELCS5 1L, 1950—S4E 1228(A], Z OO =20 M
Th#Fn12#, 1AL FSHESS TV S.
i, chsofizonwTohP EENS Z &1L &,
Cli#s % bR ¢ £WEL2IMY LY 580z, 2FERE, 45
LTPEOWNRTE, PEHIURAEIECCoTE
T3 ENELETHASI.

SEe

FiassvdRNL3COEHIE, 6554, 4t
BOEEEETEYOLOTIREL, £, HIBED A
EouTHEZiTE2IC L, R0 ZoloBEF %
HTa92 3 lad HABBRMTEZLAE L LT L.
FCC, CHUSOEREIZOVWTIEIO L (E L FMIZRY |-
FT, EEBECHNCwE b8 B Lol
LI &L HWCZOI6FEME IS HE
kA EELT LG, SETHORTE, HCHFE
1950—543En MM o & A58 <, Sk, o Sk S R
HETAXTORE - HERTFICRN RS, 2B &1L,
SHEPED 1950 —54 HED FAMEMIEC L Iz ZA L 2 b hri,
8 T T A R S LU L A e s U ke ALY (2
TELUTHAGEEBLIENS., ZOMWERFT STHEI
MIZHETE, 2P > .05).

Deaths 1950-54

Distance Group #igggs

1950—54i1 0 FELC B 1 It 11 v
0 W% 143 26 16 22
E Wik 143.35 2849 16.69 18.48
O/E & 1.00 0.91 0.96 1.19

In the later intervals there is also a recurring
deficit in the mortality of those exposed to 180+
rad which is statistically insignificant but is also
reflected in the parallel distributions by distance.
Examination of the data by age discloses no
other variation.

Motor vehicle and other accidents were examined
separately without finding statistically significant
variation in relation to either dose or distance.
Suicides number 299 in this series and are dis-
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tributed as shown in Table 21. Some of the
statistical tests, especially those of linear trend,
would have returned suggestively low probabili-
ties had the alternative hypothesis not been so
narrowly specified as a linear upward trend in
the mortality ratio with increasing dose. The
1950-54 variation seen in Table 21 is probably
artifactual, since only insignificant variation is
associated with the distance classification:
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if} LRI L TR e &b I
AEAIIZRNT 2 L v k) e REE AV G 2=
LZuoll, FFoOMtMlE, HFCRREE o RE T,
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Deaths 1950-54
1950—54 e FELS £

Distance Group #ifEst

I I I v
O Ml 60 6 9 8
E WiFd 57.6 11.7 6.6 7.0
O/E I 1.04 051 1.36 1.14

After 1954 a deficit of suicides is seen both in
group 1V and those exposed to 180+ rad, and
stands as a remarkable, unexplained observation.
The number of deaths are 13 observed vs 21
expected in group IV, and 1 observed vs 8.6
expected in those exposed to 180+ rad.

The 12,069 deaths from all natural causes except
lenkemia are distributed in Table 22, and vary
little in relation to dose except in 1962-66. The
removal of leukemia deaths from the earlier com-
parison in Table 16 for all causes leaves litile
evidence of any relationship to radiation in
1950-54 except perhaps indirectly, in the known
dose vs unknown dose comparison, but in the
1962-66 comparison the association with dose

seems clear. For 1950-54 the distance classifi-
cation is:

1954 FE L0 B3, PRUEREIV &L UF 180 rad L FOO BRIz &
LICEHBSL R, COREETHEHTH AL 2
MEHSETas s, T habhb, TLECHEHNMEREN THlEY
13620 LT M 221, 180 rad L) Lo TETIE %1 12
oL TR BOTHS.

BMFEE < £/H/IEL2, 089F 0 553 & £22125 L 4= 4,
1962— 66 & PR IEMI L 3BT L A K Z v, 2 &
OG5 EFEFEC2WT O R 5 A6 k3
FECC & B i3 0, 1950—54 F OB (2 Begdagt & o 8 {3 455
Fakfid, LR e S AL AR 2 o b o T M)
BECRUSRA DTN A Xt 54, 1962—661F
I e OWFE A PSS S S Lo (2B 5. 1950— B4
B 2HME MR L I 2% 5

Deaths 1950-54

Distance Group g 5

1950 —545 0 FELC 3 I 1 I v
O mlEi 1884 389 256 241
E i 1919 405 234 212
O/E It 0.98 0.96 1.09 1.14

for which P<<.0l in the test of linear trend and
.02 in the test on the homogeneity of all four
distance groups. If the ratios are plotted against
average dose for each group on the assumption that
radiation dose is the only important variable
differentiating the distance groups, it can be seen
that the increase in risk is around 2%-3% for
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each 25 rad during 1950-54. For 1962-66 the
linear trend with dose looks similar and P=.01;
the tests against the other alternatives also yield
statistically significant discrepancies.

When the 1950-54 mortality from all natural
causes (except leukemia) is examined for each
city-sex component, only the females provide sta-
tistically significant evidence of a relationship to
distance from hypocenter (Table 23), but the
experience of Hiroshima males is not at variance
with that of the females. For the 1962-66
period the experience of the females is much
less prominent, and for Nagasaki females exposed
to 180+ rad the O/E ratio is below one (13/14.7).
Table 24 gives the mortality experience of this
most recent period by dose. A significant linear
trend is seen for total males and for three of
the five comparisons in which females appear.

Once the deaths from leukemia are removed, age
ATB seems to have less influence on the magnitude
of the apparent radiation effect in 1950-54, and
in 1962-66. The numbers are small within 10-year
age-ATB subgroups of group IV and of those
who received [80+ rad, and if the age-range is
divided at age 50 ATB then it does appear that
lhe overall mortality excess of 14% in 1950-54
comes largely from those SO+ ATB, while that
of 16% in 1962-66 comes largely from those
under 50 ATB:
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Age ATB FURIS F il

Deaths
TEC # All Ages &M <50 50+
1950-54 O Mg 241 104 137
(Group IV) E % s 211 102 109
e OJE i 1.14 1.01 1.25
1962-66 0 /M 116 70 46
(180+ rad) E i 100 55 45
O/E It 1.16 1.27 1.02
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for which the effect represents an increase of
about 3%—4% per 25 rad in relative mortality
for all causes, or 2%—3% after removal of the
40 deaths from leukemia, In 1962-66 there is
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also about a 2%—3% increase in relative mortality
per 25 rad. At the level of all causes, age ATB has
a perceptible influence on the magnitude of the
relative risk. Although all ages share in the mor-
tality disadvantage, the very youngest and the oldest
ATB suffer the greatest excess. [If leukemia deaths
are removed, it appears that the 1950-54 excess of
14% in the most proximally exposed derives more
from those aged 50+ ATB than from those under 50.
In 1962-66, those under 50 ATB contribute most
heavily to the excess of 16% among subjects ex-
posed to 180+ rad. Accidental and violent deaths
plainly do not depend on the amount of radiation
received, but there is an unexplained deficit of
deaths from suicide among those exposed to 180+
rad. This last observation serves as a reminder that
we are, after all, dealing not with experimental
but with survey data, and that factors other than
radiation, and capable of influencing mortality,
may distinguish both the distance and the
dose groups.

Tuberculosis and Other Infectious and Parasitic
Diseases

The concept that radiation interferes with normal
immunologic mechanisms lends particular interest
to the examination of mortality from the in-
fectious and parasitic diseases. Among these,
tuberculosis is of special importance because of
its high prevalence in Japan and because earlier
analyses **** have indicated that male survivors
within 1400 m ATB, especially in Hiroshima, have
suffered a higher risk of mortality from tubercu-
losis than the more distally exposed. In their
review of the AHS in 1958-60, Turner and
Hollingsworth *® found no evidence that the
prevalence of tuberculosis was at that time as-
sociated with exposure to ionizing radiation. In
1961 determinations of serum antibody levels
against various strains of influenza virus pre- and
post-vaccination by Kanamitsu et al?? revealed
some impairment in the immunologic defenses
of the survivors most proximally exposed in utero,

In contrast to radiation, many environmental factors
are already known to influence the likelihood of
an infection or its clinical manifestations. Jablon
et al® found that the largest and most stable
differences in tuberculosis mortality in their
contrasts of subjects not in the city ATB with
the survivors as a whole, was presumably a re-
flection of variation in environmental history and
of selective factors determining migration, Initially,
the present search for a radiation effect was
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confined to the survivors and controlled by age,
sex, and city. Table 25 provides a comparison
of observed deaths and the age-sex-city adjusted
expected values for 1950-66 and for its subdi-
visions. Table 26 gives the city-sex detail for
the entire 16-year period. Significant variation
is confined to 1950-54, as noted in the reporis
on mortality through 1960% and 1964.>° For
the 1950-54 period, as we have seen, distance
is probably a better tool for analysis than dose,
and the new distance intervals used here for
exposure groupings should make the two cities
more comparable as to total dose (neutrons and
gamma combined 1:1). For Hiroshima males
there were 132 deaths attributed to tuberculosis
in 1950-54, distributed among the four groups
as follows:

£IBIZIEI950—66FE 0 MM B L U EHFMIZ>WT O
CHOBMENL £, oL URHEMEL 2 MfFsE
D ERL A, #2612, ZOBEOEHMIZIo2WT
DFEME T - EWCRL A, BEAEI PO EO
H1950—S4EZ 1T TH Y, ZHIZI60HE ¢ »EU1964ES
FTOICEESZRY Lt lFo@E LA n /. 1950—
MEMHEZoLWTORKTIL, Mok, #BL
NLFBEZERT IV EZS (EUTEND, ZZTH
HLARLOEBE T 2L-T, AHEHAE D+
tHryvBElIdloRETEHIOmMTEVIE - &
BUSE0H280I1222LTH5 ). 1950—645 1212,
ERaoBEC#EBI L 3MCHF 1R2Mb- 24, T0O8
EBEMNGTHEREOLENTES:

Deaths 1950-54 Distance Gl’Dl.‘lp PR
1950—54F0 FEC 4 I II I v
O Wk 87 16 14 15
E wis# 95.0 18.2 9.5 9.3
O/E i 0.9 0.9 1.5 1.6

Examination of the underlying material by age
shows that the excess in groups III and IV
occurred at ages 40+ ATB. The 1950-54 O/E
ratios for the other city-sex subdivisions of group
IV are .96, .57, and .47. Even on this basis,
then, the relationship seen in Hiroshima males
is not strengthened in any way by consolidation
with either Nagasaki males or Hiroshima females,
and remains an isolated observation that cannot
easily be attribuied to radiation.

The later years provided no reinforcement of the
1950-54 pattern for Hiroshima males, so that
the O/E ratios for the 16-year period are .93,
1.22, 1.26. and 1.03 for groups [ through IV,
The dose-specific analysis (Table 26) tells the
same story. [t seems most likely, therefore, that
some environmental factor other than radiation,
but correlated with distance from hypocenter,
underlies the relationship for Hiroshima males.
Analysis of the experience of individual age-groups
for each of the four time periods provides no
further suggestion of a dose-specific relationship.

In addition to the 983 deaths from tuberculosis
there were 167 from other infectious and para-
sitic diseases (Table 27), but none of the com-
parisons provide any suggestion of a relationship
to radiation dose, Statistical comparisons on the
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entire class of infectious and parasitic diseases
(1150 deaths), whether based on distance or dose,
reflect only the variation seen in the examination
of tuberculosis mortality.

Malignant Neoplasms

In the earlier reports on the JNIH-ABCC Mortality
Study 2** leukemia was included as a means of
validation: consistency with then accepted re-
lationships seemed required. With the increasing
importance of the physical dosimetry program,
however, the mortality sample has become the
best single basis for studying radiation leu-
kemogenesis among the A-bomb survivors. Never-
theless, only a brief treatment will be given here
as Ishimaru et al®® have in preparation a report
in which both the ascertainment and the validity
of diagnosis will be superior to those provided
by the death certificate. As noted earlier,"?
for leukemia deaths the confirmation and detection
percentages are, respectively, 73 and 95 for the
1950-65 period.

Among the A-bomb survivors there were 116
deaths attributed to leukemia in the 16-year period.
Table 28 provides an analysis for both cities
combined for the entire 16-year period and for
each 4-year period. This form of analysis may
tend to obscure somewhat the considerable
movement of the corresponding death rates over
time, Thus, for those exposed to 180+ rad,
approximate annual deaths per 100,000 per year
are about 115, 95, 55, and 35 in the successive
4-year periods, but of course large uncertainties
characterize these rates because of the small
numbers of deaths (14, 11, 6, and 4 respectively).
Over the entire period those who received 180+
rad ATB died at a rate of about 17 times more
than those who received less than 10 rad. The
increased mortality among those exposed to 10-39
rad, corresponding to a shift from 4.3 to 7.0
on the death rate scale, is well within the power
of chance to produce. It would take a larger
experience than this to provide a powerful test
of the linear hypothesis in the region of low
dose. It is perhaps noteworthy that the risk
of those who received under 10 rad is close to
the average death rate from leukemia in Japan,
4 per 100,000 per year vs 3 to 4 for a sample
with the age distribution of that under investi-
gation here.

In view of the much higher risk of death from all
causes, all natural causes, etc., in 1950-54 among
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those of unknown dose, it may seem surprising that
this is much less true of deaths from leukemia.
The corresponding ratios for the four groups, |
to IV, are .30, .36, 1.16, and 6.53, in the 1950-54
interval, and their plot on the T65 dose scale
virtually coincides with that based on the T6S5
dose intervals of Table 28 for the same period.
Since the latter exclude the experience of subjects
of unknown dose, it is believed that the early,
special interest in leukemia operated to reduce
the loss of shielding information so characteristic
of early deaths generally. If so, the leukemia
experience provides no reliable guide fto the
probable average (rue dose of those whose esti-
mates could not be calculated, Although their
O/E ratio of 1.73 corresponds to about 55 rad
on the leukemia plot (Figure 6), it cannot be
assumed that this value holds for other causes
of death. More important, there seems to be
no reason not to use the T65 dose estimates
in studying leukemia during 1950-54.

Although the foregoing analyses were standardized
by age, explicit age-specific comparisons by dose
were limited by small numbers. It may be noted,
however, that 10, or 2.3% of the 432 subjects
exposed to 180+ rad and under age 10 ATB,
had died of leukemia by 1 October 1966, This
compares with 0.81% of those aged 10-29 ATB
and similarly exposed.

With the exclusion of deaths from leukemia, there
remain 2276 deaths from other malignant neo-
plasms.  Jablon et al, in their examination of
this material through 1960, with about half
this number of deaths, found a statistically signi-
ficant elevation of risk only for Hiroshima females,
with all age-groups over 30 ATB manifesting some
increase in risk, and the principal excess being in
the 1953-54 period. Table 29 provides a summary
of the data by 4-vear intervals through 1966 in
dose-specific terms for both cities and sexes com-
bined. There is, first of all, an excess of deaths
among those of unknown dose. This is most
obvious in 1950—54 and is best explored in rela-
tion to the I to IV distance classification (Table 30).
This shows that for 1950—54 the dose classifica-
tion (Table 29) is somewhat biased for forms of
cancer other than leukemia, so that distance pro-
vides the better tool for analysis in this early
period. Table 30 also shows that the relation-
ship to distance in 1950—54 depends very heavily
on Hiroshima females, for whom the association
is strong and highly significant in the three main
statistical tests, including that for linear trend.
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FIGURE ¢ OBSERVED/EXPECTED DEATHS FROM LEUKEMIA BY T65 DOSE,
HIROSHIMA & NAGASAKI, 1951-66
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Since the deaths among Hiroshima females repre-
sent less than 40% of all cancer deaths in this
period, any model of radiation carcinogenesis
would probably have to be sex-specific, if not
more complex, to fit the 1950—54 experience.

In 195458 there is no evidence of any relation-
ship between all forms of cancer and either dose
or distance, even for Hiroshima females. In the
third interval there is again significant variation
among Hiroshima females only (Table 31), but
the: trend is not linear and those of unknown

dose (O/E = 10/4.2) may weaken the evidence
for a dose-specific relationship. Ratios for the
four groups I-IV in 1958-62, for Hiroshima
females, are .91, 1.01, 1.43, and 1.67, with P <.01
in tests for linear and quadratic trend, and .01 on
the homogeneity of the four groups. In 196266
it is again only for Hiroshima females that the
departure from homogeneity achieves statistical
significance, but for Hiroshima males, and for
total males, there is suggestive evidence of linear
trend (Table 32). The 48 deaths among Nagasaki
females follow no evident pattern.

Examination of the material by age ATB shows
that the deaths are most numerous among those
30—69 ATB, and that all age groups share in the
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increased risk among Hiroshima females. In analy- ERBCELTHIECEI ML TS, HES LU

ses using both distance and dose, the 1950-54 BatbizHAuvgEircid, 1950—MEZEZs NS RBR
effect is seen most clearly in those aged 40-49 (2 RS RS 40— 4988 &+ & 60—GOE O I H VTR E
oo 6069 ATR. In 196265 unly wonisn aged MIETH 5. 1962—6EOMMTE, £EMBEOLTO
50-59 ATB register a significant difference in MEHARAFHZVEET(P< 01), WiNs+<To

mean dose (92 deaths), although the weighted
statistic representing all age-groups is quite signifi-
cant (P <.01) and the excess appears to be
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distributed over the entire age-range. For both S (FECH&2). 192—CFNMMIHVTR, B
sexes and both cities combined, the O/E ratios SURMT & &R L THBHEREA 180 rad Ll EOHOME
during 1962—-66 for those exposed to 180+ rad LML D BIBRFERMIZAZ L, kOt s
by age ATB are: &5

Deaths Age ATB B ER

FECH 0-9 10-19  20-29 30-39 4049 50-59 60-69 70+  Total it

O BEH 1 l 3 7 10 10 1 0 33

E mif& 0.02 0.88 1.91 4.05 7.97 6.44 1.32 0.10 22.69

O/E & - 1.14 1.57 1.73 1.26 1.55 0.76 0 1.45
About two-thirds of the deaths from malignant B % B < BB Dk SEC 083 5o 2 ik
neoplasms other than‘ leukemia were certified to | FUMIEOMICD 150 — 150 ) T, BT 78%,
cancer of the digestive organs and peritoneum i - _ N B
(ICD 150-159), 78% in males and 56% in females. KETESEHhEAO TV, AMFEER EBEHE
These sites are responsible for much of the varia- Z OHICIEBOREORE S s, e LT oh

tion observed for cancers of all forms except S U5 R e = i T
leukemia, and especially for the influence of Hiro- SOMLIEEAbOTHS. RBLME, AFeaTw
shima females. Tables 33 and 34 summarize the AR E AR - MR - MRk OPERNZE B,
available dose-specific information by time-period, X - ald e 3 = F :
i 7 3 T wf e VD R 2 & | [ y 3 15
city, and sex. On the whole, the relationships L LTE, HLEROB SN, 2O

seem weaker for cancer of the gastrointestinal aEVEEuEICBbhs. HRMEFRT, SMER
tract than for all sites. Ol:lly in t]?e' 1950-54 MBI HEEAEZAUD 61 5021950—5E0 MO 2 ¢
interval do the dose-groups differ significantly for _ - :

the entire sample, and unfortunately these data Hhat, EaHsZoBRCERBENEHETAbhA
were not tabulated for the distance-groups. How- ot UL, =OBIENOMEIIZ 50T 1950 —544F

ever, if the dose-tables are examined for Hiroshima . Pl-Sar e
females in 1950-54, it seems clear that the ap- DEBOREEAZ L, Wik OMFERHLESEPDT

parent association with dose extends not only to 4, o (AmMEREC) 2 B0 5. 1950—

the digestive system but also to other sites (except ’ ] - " T
leukemia). Also, in the 1950—54 interval, the HEOMMIL, RRTAOELOrad EOELES

other city-sex groups also show some excess mor- ftthid, o0& —1EMNBECLHEILSEFROEIC
tality from gastrointestinal cancer if subjects with - AT . .
unknown dose are combined with those of 40+ rad. LARCRAB. MEBLMEREOLEWHNE &
The corresponding O/E ratios by city and sex are: CHAMILE3LRkDEENTHS.
Deaths 1950—54 Hiroshima =8 Nagasaki i
HA=AFRECS Male % Female %« Male % Female %
0O H%H 26 23 17 5
E i 235 9.98 11.5 341
O/E i 1.11 2.31 1.48 1.46
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The excess derives from no particular age-group
but is found among all subjects aged 30 or more
ATB. Although none of the statistical tests on the
total experience of 1962-66 in Table 33 returns a
significantly low probability, there is some sugges-
tion there of linear trend with dose, and when
the cily-sex components are examined for this
period (Table 35) it appears that both Hiroshima
males and females, but especially the latter, con-
tribute to this suggestion of a relationship.

Of all the sites in the digestive system, only for
cancer of the stomach is the death certificate
a reasonably accurate means of ascertainment,
with a confirmation percentage of 83 and a detec-
tion percentage of 72 in this experience. It is
also the major site within the gastrointestinal
tract, accounting for 63% of all deaths certified
to cancer of the digestive system in this series.

Although the confirmation rates are much lower
for sites other than the stomach, stomach cancer
is the principal autopsy diagnosis for only about
16% of the cancers certified to digestive organs
other than the stomach. Therefore, the death
certificates do provide a good, if imperfect, source
of information about stomach cancer, and deaths
certified to the digestive system as a whole comprise
a far more miscellaneous group of cancers. The
two-way relationship between the death certificate
diagnosis and the principal autopsy diagnosis for
autopsied cases in this series during 1950-65 is
as follows:
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Total 2526 253 176 339 1758
Cancer: Stomach ¥ 219 181 19 S 14
. Other digestive 171 27 109 1 24
TOhoiites
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From Tables 36 and 37 it appears that death rates
for stomach cancer vary no more in relation to
radiation dose than do those for all malignant
neoplasms and for the digestive system as a whole.
The only exception is the rate for Nagasaki females,
which is rather small. Nevertheless for 1950-54,
and for both Hiroshima females and all females
throughout the l6-year period of observation,
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significant variation is seen. Again the early
experience is best reviewed on the basis of the
[- IV distance groups, shown in Table 38. Although
Hiroshima males account for 100 of the 178 deaths
from stomach cancer in 1950-54, any evidence of
a relationship with distance from hypocenter comes
rather from the Hiroshima females (48 deaths)
and the Nagasaki subjects (30 deaths). Subjects
of all ages over 30 ATB contribute to this relation-
ship.

In the 1954-58 and 1958-62 intervals none of
the city-sex groups, and none of the consolida-
tions made from them, provides evidence of a
positive relationship between the risk of stomach
cancer and radiation. In the 1962-66 period
the test of linear trend on all Hiroshima subjects
is positive, and that for Hiroshima females is
very nearly so (P=.053). Table 39 gives the
O/E ratios for this period. The suggestion of
an increase in stomach cancer in 1962-66 for
subjects who received appreciable amounts of radia-
tion is not strengthened by examination of the
autopsy material. None of the statistical tests
on the material in Table 40 yielded a significant
discrepancy.

Cancer of other principal digestive organs is the
subject of Table 41, where the entire 1950-66
experience is summarized. There were 130 deaths
certified to cancers involving other portions of the
digestive system and peritoneum that do not appear
in the table buf are included in Tables 33 and 34.
For none of the three major sites is a radiation
effect suggested at the level of the total experience
and this is also true of the large bowel and
pancreas when the city-sex and age ATB com-
ponents are examined individually. For the liver
and biliary tract, however, there are some dis-
crepancies that deserve mention (Table 42). Ob-
served and expected deaths from cancer of the liver
and biliary passages in individual city-sex groups
are quite small at the high end of the dose-range,
there being only 43 observed vs 44 expected
among those with unknown dose or 40+ rad. Only
for the Nugasaki males is any relationship suggested
and the paucity of observations there robs the
suggestion of any real force. There is no evidence
of relationship among the 72 autopsy diagnoses
of carcinoma of the liver for the 1961-66 period.

Cancer of the respiratory system accounted for
203 deaths, 145 being classified as malignant
neoplasms of bronchus, trachea, and lung (ICD
162—163). Tables 43 and 44 provide some sugges-
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tion of a relationship between dose and deaths
from all cancers coded to the respiratory system,
especially among Hiroshima males, and essentially
the same evidence is seen in Tables 45 and 46
for cancer of the bronchus, trachea, and lung.
Clearly the bulk of the information derives from
1958 and subsequent years, and a consolidation
for this 8—year period gives:
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There is some evidence of a linear trend with a
doubling of relative risk in the region of 150 to
200 rad. This material is the subject of a more
extended analysis by Wanebo et al®*® utilizing
autopsy and surgical pathology information.
Autopsy diagnoses for 1961—66 number only 79,
and are consistent with the information on under-
lying cause, but by themselves provide only sug-
gestive (P=.09) evidence of linear trend.

Among the age-cohorts it is only those aged 50—59
ATB that reveal a statistically significant variation
during 1962—-66. However, there is a suggestion
that the group aged 40—49 ATB may also have
experienced an excess of lung cancer starting in
the 1954—58 period. There is as yet no indica-
tion of an effect in those under age 40 ATB.
The O/E ratios by age ATB, for deaths from
cancer of the bronchus, frachea, and lung, during
the three most recent time periods for subjects
with 40+ rad are:

FEMNEAETRO 6, H150 —200 rad D225
TRHEHRZ 2B A>T VA, THlz20TId, Wanebo
5 A8 E USSR EROT, KDIREES
BT & 7% » 7. 1961 —66F 1AM TR E h -0 b
FALIIET, BB RitoMmER T4, #
EEOAORECRAYMERFRENTHS T E 20
(P= .09 ).

FEMEH & S & RIS &G 50—59 0 F 0 & 12 1962—66 FF
IEuTHEHMICEEIZN B . LAL, Eig
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e s, FEREEROERBOS T2 Tl ERO
WBEEGEFAES TS, BiE40 rad V) 20 &
BHLEO =50 MBO R - [T L L Mo
X SFEC O E MF L L ok KIERFERM IR+
EXRDEBENTH S:

Age ATB IIRRE G &

Year

HE Il 30-39 40-49 50-59
195458 0/0.5 2/0.6 3/0.8
195862 1/0.8 4/2.8 5/2.3
196266 2/1.8 7/3.0 5/3.6

It is possible that evidence of an effect may
accumulate rapidly in the years ahead and extend
to those under age 40 ATB. Since Wanebo
et al*® did not find any evidence of confounding
between smoking and radiation dose, the associ-
ation should be made the basis of more intensive
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study, with more attention to possibly con-
founding variables, as additional information ac-
cumulates. It is of interest that tabulations of
deaths coded to all forms of respiratory cancer
(ICD 160—165) are not more sensitive than those
confined to cancer of the bronchus, trachea, and
lung (ICD 162—163), despite their greater number.

Only 67 deaths were ascribed to cancer of the
female breast and these provided little evidence
of variation associated with ionizing radiation ex-
cept in the 1962-66 interval (Table 47), where
the numbers are unreliably small and the linear
trend merely suggestive (P=.05). In the autopsy
series there were but 15 diagnoses of cancer of
the breast, and their distribution is not re-
markable. In the smaller but better studied AHS.
series, Wanebo et al recently found provocative
evidence that the risk of breast cancer increases
with radiation dose in the survivors.*®

There were 194 deaths attributed to cancer of
the uterus among the survivors during the 16-year
intervals, and the trend is sharply downward with
time, from 64 in 1950-54 to 30 in 1962-66.
In the last major analysis of this series,® the
O/E ratio was shown to be quite high for women
most proximally exposed, and about 1.74 for
those within 1400 m. This observation stimulated
Ishimaru lo make a field survey in Hiroshima®'
but he was unable to throw further light on the
relationship. Table 48 provides an up-to-date
summary in terms of distance, but with
distance-groups as redefined for the present study.
and shows substantially the same relationship re-
ported by Jablon et al® The relationship seems
confined to the 51 deaths among Hiroshima females
in 1950-54 and remains unexplained. Women
of all ages over 20 ATB contribute to the excess.

There are 35 autopsy diagnoses of uterine cancer
in the 1961-66 autopsy series, but they contain
no suggestion of a relationship to radiation
(Table 49). There were 126 deaths from cancer
of other and unspecified sites (ICD 190-199)
among the exposed members of the sample, dis-
tributed as shown in Tables 50 and 51. There
is no statistically significant relationship to radi-
ation, but for the entire period 1950-66 the
O/E ratios are consistent with such a relationship.

To summarize the above observations attempts
to establish a dose-response curve for leukemia
are severely limited by paucity of cases, but in
the present series of 116 cases the response
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1962 — 66 & [FI LA IR 124 & £, SEY[EDHH ) AT AR
ENAEELFEL O (P= .05). & HKifflrh = FL#13 156
HHAEIZTET, TonHiIBET <& Lo
Wanebo 513, MAREHK I FH SIS WEHRT
EonTHMLMEL RETE-LER, HETEL
AR RERICES THRNT S0 REEVERS
BEni.®

HIREEIZE, COBEMEIFESR-ILSECRE 1UEAS
34, MCHYUEHFEMIZIJ-HL T sHmIZs D,
1950 — B4 I 2B T hH - =D 25 L T, 1962—668F 12
BATHAS, ZOMENRTLIMTIMEOEL &R
I ORI, EHMETHEE L RIS M
EMFEREOIIEA L DB < 1400m MO 6 TIELL 7
ThoK, ZCOMEIZPFEELTRALEIEBLZFVTH
WEEEAERL 25, ZoMELEonT 20 LY
TH2IEUETELEd-A. SEOBHETHVAEZNKL W
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FERBIIT LAY, FHUMICE Jablon 5 * A L1 &
HLALOLEIUMEERL TVE. ZOMEIE1950—
MFEIZSTSLEBHOXHEOFEEESIACRhTED,
RERZAZEHETHTSH S, ZOBIME, BREEER206ELL
EokEefkizasn 3.

1961 — 66 f o ) bl (2 FE AT & 5 5, B E o
MEETET A RERw e hdwn (#49). WEHR B0
WHRE 21T O s SUEBEFHEOE( ICD 190 — 199 )
kAFCE126fb D, TOFMITENH L UBLIZR
TEENTHS. BEHELOMoREIHE TELMET
AoHshie, EEL, 1950—66FE0 EMMIZH 1T 51
BHrMiFg Lo, REREOMEC—-HLTVS.
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appears reasonably linear, averaging perhaps three
cases per million per year per rad. Examination
of malignant neoplasms other than leukemia points
to an excess risk in 1950-54, largely in Hiroshima
females, and again in 1962-66, with the influence
of Hiroshima females being only somewhat less
dominant. Subdivision by site suggests that the
1950-54 excess can largely be accounted for by
gastric and uterine cancer in Hiroshima females,
but that the 1962-66 excess may be more per-
vasive, involving more sites and being less de-
pendent on Hiroshima females. The most reliable
of these recent relationships, in the statistical
sense, are those thal rest on all malignant neo-
plasms except leukemia: for no single site or
group of adjacent sites is the evidence of associ-
ation with radiation dose stronger. For lung
cancer in males and for cancer of the female
breast the dose response curve may be steeper
than for other sites, but the evidence for their
association with radiation dose is weaker than
that for all sites (except leukemia), for which
the magnitude of the response seems to be an
increase of about 20% in the base line value
per 100 rad received. None of the apparent
relationships characteristic of individual sites is
stronger in the autopsy material for 1961-66 than
in the analysis using death certificate diagnoses,
Age ATB seems not to be a strong factor in any
of these relationships, although it is in radi-
ation leukemogenesis,

Benign Neoplasms and Neoplasms of Unspecified
Nature

Although 120 of the 13,093 deaths among A-bomb
survivors in the 1950-66 interval were attributed,
to benign neoplasms (ICD 210-229) or to neo-
plasms of unspecified nature (ICD 230-239) on
the basis of the death certificate, it was thought
that such diagnoses would be too unreliable to
warrant study, especially in the presence of a
significant amount of autopsy information. Ac-
cordingly, only the autopsy findings of 1961-66
were examined, with the negative results seen
in Tables 52 and 53. The single significant
deviation from chance that is noted for the test
of linear trend among Nagasaki females is not
unlikely in view of the number of tests being
made.

Allergic, Endocrine System, Metabolic, and Nu-
tritional Diseases

The ICD class 11l diseases account for 380 deaths
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among the exposed subjects, and for analysis THOBMNBIIB+SKELT, BROZHLIIIhERD

were grouped into three subcategories: SFHICHMaEL
ICD Description Deaths
®a FEC
240-245 Allergic Disorders 7L ¥ —#mEL 212
260 Diabetes Mellitus /4 118
Other Endocrine system, metabolic & 50
200 nutritional diseases

Pisrit, WEH, bLUREROER

Separate tables were prepared on all 380 deaths BUBORBIZESMEEOFEA, 7L 0F—1E8E
in ICD class III, on the 212 deaths from allergic BRI E 2120, WREICLAHEE 1ISH, &
disorders, on the 118 deaths from diabetes, and CUEROMSHI B 3 RED O OBEBREBIHL 2

on the 168 deaths in the last two categories
listed above. Tables 54 and 55 summarize the
findings with respect to all diseases of ICD class
III. Tabulations by distance are not shown, but
for neither dose nor distance is there any sug-

HrHEI1SHEo Th iz THIBIICHAL 2. #£54
BELUSTIE, BMBOTA<TOEL My REIE
BLTARLA, ERHOEEIZZLZEFLTOEVN,
SR HIUBRETOVTA>»S A THL, 1962 —66F

gestion of a relationship to radiation prior to DML B #REOMEITES L s (#3).
the 1962-66 period (Table 54) for which the 1962—66E I HF A OMER LU MFH I AT
observed and expected deaths by dose in rad are: (rad )AIZRFLROLENTHS:

T65 Dose it rad

Deaths

WL B 0-9 10-39 40-179 180+ Unknown
T+ 04

O g 64 15 15 3 4

E Wi & 68.9 16.5 94 29 34

In all four individual city-sex comparisons the sl e L UENoM->0BOLWTRAIZIENT 40—
O/E ratios are greater l!um. unity for subje(?ls 179 rad D@42 S HESOEE N MENE O
with 40-179 rad. Examination of the material HFlEDH2zu, ~O%RP> Fﬁﬂﬂ# ER LT,

by age ATB provides no further illumination on
the possibility that mortality from these causes
may have begun to increase in 1962-66 in re-

19455 R I - BBHO 01, ZHSDERIZLSTE
CEAI9R2—66H 1ML B A28 LA S v L2050

sponse to the radiation in 1945. The auiopsy HeElzouT, chllE@gmTesasdai. Zhsodk
series was not analysed with respect to these B oMLTIE, SEAORFETEbE o
diseases.

TFLLX—MERCLaMEgl, SMH0EL:LS

= s ; E ¢
The allergic disorders, which account for abou FEC B OHES & &, = RS T1E 66 & U7

55% of the deaths attributed to ICD class III,

are the subject of Tables 56 and 57. Deaths MLz, ThbOBRBICESTEC L BHHRWRERR L O
attributed to these diseases display no clear re- Mz, HareMEEROshie, T2bhs, @it
lationship to the amount of radiation received; ERIT O TI90—66FEMIZiEM e ha b2 itD
the slight gradient noted in the dose-specific B (E56) 12, < BROGEMNIC S (& NEREHHO
analysis for 1950-66 (Table 56) is well within HaETP=30). 1950—~51F -+ 3 BB L CHEE

the bounds ofcha:.lce (P=.301in test of linear trend). ORI S & EHERE T+, 40— 179 rad &8 14
Both dose and distance analysis for 1950-54 are R AT chent T
negative. The O/E ratio of 1.42 in 1962-66 for EREREBUTHR—GFORRAISSGREEZS
subjects receiving 40-179 rad represents six DERFE L MFSL OH1.4213, WFEHE L MF 4.2

observed vs 4.2 expecied. LIzETLLOTHS.
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Analysis of the deaths from digbetes (Tables 58
and 59) is largely negative, the exceptions being
the slight evidence of linear trend in Hiroshima
males for the entire period, and in the entire
sample for the 1962-66 interval. When all of
ICD class 111 deaths except those attributed to
allergic disorders (ICD 250-289) are examined
no stronger evidence of a dose-response relation-
ship is seen (Tables 60 and 61).

Diseases of Blood and Blood-forming Organs

During the 16-year period there were 51 deaths
coded to anemia of one kind or another, and

BERBIDEIMCHE ORI (#8ELU8) 1, KBOHSE
s T MM, FEUHREEMEI 0 TI02—
BEEDIMHEIZ, T A CaBEEESEALNAZ & Ry
TiE, Fousulidn TEERemLAE. TLLE—
e OB N FEOES, $4ab5, ICD 250 — 289
LaCH &Mz 20TMATLTE (#6048 L UF6L),
mE—ReMEefftsRT e haRdEesnhd s

< s

miEs L ENFOERS

ZOI6TO MBI, 'l R E T v S ARCH LA,

33 to other diseases of the hematopoietic ZOMOENGFROFEEIIELSTECIEBMH - -
system.
1ICD Description Deaths
P 4 FEC #
290.0 Pernicicus anemia @Il 6
290.1 Subacute combined degeneration of spinal cord 1
o TR T
251 Iron deficiency anemia % Z P 1
292.3 Leuko-erythroblastic anemia §1 4 5 4l i i % & i 1
292.4 Aplastic anemia & IF &M 25
293 Anemia of unspecified type ifl 70 i 17
296 Purpura and other hemorrhagic conditions 2
SERERT & O F o e A
297 Agranulocytosis Bejiifi i 3
298.0 Hepatolienal fibrosis [ 11 #5sEiE 18

Throughout the 16-year period there seems Lo be
an excess of mortality in the groups exposed to
larger amounts of ionizing radiation (Table 62).
Unlike deaths from leukemia, which declined from
40 in 1950-54 to 19 in 1962-66, these deaths
increased from 16 to 25 in the same interval. Their
older distribution by age ATB is also not charac-
teristic of the leukemia cases. The ratios of
ohserved to expected deaths by dose distribution
are shown below for the more common diseases
which contribute to the excess of mortality among
subjects exposed to larger amounts of ionizing
radiation.

Earlier reports>** have noted some excess of
deaths from anemia in the most proximally ex-
posed, and raised the possibility that deaths from
leukemia may have been misclassified to the a-
nemias. With the further maturation of the leu-
kemia screening program®* at ABCC, it is now
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T65D #li rad

ICD Disease Total
=i g 0-9 10-39 40-179 180+ Unk
A
292.4 Aplastic Anemia O W% & 25 13 3 3 4 2
IR m O/EH 0.77 0.77 1.30 4.44 1.82
293 Anemia, Unspecified O Mg 17 9 6 1 1 0
FEAN A o0 3L O/E i 0.79 231 0.63 167 -
296  Purpura & Other Hemorrhagic O %y 12 6 2 2 1 1
SEERE £ & U 0o flon Y iR O/E it 0.75 1.05 1.82 2,50 1.67
298.0 Hepatolienal fibrosis O ¥y 18 12 1 3 2 0
REEAL 36 OJE I 0.99 0.37 1.76 2.86 -
possible to examine more closely this possible EzMEY, ZoriaRACk-TLESEMAELD

explanation for the very strong relationship ap-
parent in Tables 62 and 63.

All 84 deaths had been reviewed as part of the
hematology screening program, and 60 had carried
diagnostic statements of sufficient interest to
warrant referral to hematologists for evaluation.
Nearly 200 different diagnoses are used in the
leukemia screening program which is directed at
the detection of not only leukemia but also
aplastic anemia, lymphoma, and other allied
disorders. Among the 60 cases specifically in-
vestigated by the hematologists 7 were considered
to be leukemia and 19 aplastic anemia (Table 64).
Elimination of the seven leukemia cases would
weaken, without eliminating the relationship
shown in Table 62. Of perhaps more specific
value is the fact there continues to be some
excess of mortality in the groups exposed to
larger amounts of ionizing radiation when at-
tention is confined to aplastic anemia as diagnosed
by the hematologists; the numbers, however,
are quite small:

HEHIEESICHMEIIHEBT S L HUREIZE - 7.

ThooECHMM NI, GOWTHREEO —RL L
TEEZ2ZU, I 660AOECRFT-EMs TV
I IR AR O 20, M EMRR LSS
fTabihZz, AMBTFHEAEEAMHEOR2L 6T, BE
B, 1) e S LU O (o Wik o B & B A
LFALOTHN, 200 MEORE 2 LBIFIZ>0T
DA FEbILS, MIEREEIFICHEEITE
260 9 b, THEA M, 190 AT EIZ N B &g A
SN (FM). CORIMETHEBETE, TE2IS&EA5N1
aMBEEHCEAE L L,
o rBEEEZ LI, MiFHEROBIL 2 BEMR
MAN>%25L, EROKHHELZTLZROIECEY,
PRIV AAMMLTUSEZ0IEETHSI. LY
L, TOEEILIERIZ L L

ks

ZDEL &0,

T65D #i it rad

Diagnosis Total
25 Wi @i 0-9 10-3940-179 180+ Unk
AR
Definite, probable, & possible O % 19 11 4 2 2 0
R, 1EEMEE. LU TEEEM OJ/E it 0.87 1.38 1.11 2.86 -
Definite & probable O W%l 14 8 3 2 1 0
PEESL L UE IR O/E K 0.85 1.36 1.54 2.00 -

The cases with other hematologic diagnoses that
account for the relationship at high end of the
dose range (Table 62) seem rather miscellaneous.
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Hematologic Evaluation
AL % 7 6 T

LAt S Tl - g i

MF

LA B Ed S

Anemia, cause undetermined
Agranulocytosis SWHIH 0
Aplastic anemia, possible (Refractory pancytopenia with splenomegaly)

T TR R 0 e bl e I i e 14 Y B R P il

AN =R

P Kt s m

Acquired hemolytic anemia, symptomatic  74Eik
Laennec’s cirrhosis of liver  Laennec §f#i T4

Diagnosis unknown, not leukemia, Lymphoma, or related disorder

el A3y,

R L, Afgs, U o

Acute granulocytic leukemia

Acute lymphocytic leukemia

Aplastic anemia, probable

Pernicious anemia

Gastric cancer W&

EiEwm

ML T g

a1ty > AR

i TRE 0 B Ot IE TR )

In the end, then, the information developed by
the hematologic screening program shows that
the relationship depends only partly on the failure
of the death certificate to reflect the presence
of leukemia. All of the specific hematologic
diagnoses are represented by rather small numbers,
but the relationship between aplastic anemia and
radiation dose seen at the level of the death
certificate (25 cases) is also suggested by the
hematologic screening.

Among the 1961-66 autopsies there were 33
diagnoses of anemia (ICD 290-293) and 202 of
other diseases of the blood and blood-forming
organs, These two groups of diagnoses were
tabulated by dose in the standard fashion but
failed to add convincing evidence of relationship
to radiation (Tables 65 and 66). Especially for
the anemias, however, the cases are few, and
their distribution is by no means contrary to
what one would expect if these diseases were
somewhat increased by exposure to radiation.

Diseases of the Nervous System and Sense Organs

There were 2840 deaths coded to diseases of
the nervous system, distributed among the ICD
diagnostic rubrics as follows:
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iICD Description Deaths

w8 EC#

330 Subarachnoid hemorrthage > sfrFiiim 63
331 Cerebral hemorrhage #silim 1989
332 Cerebral embolism 5% % 4 343
333-334 Cerebral spasm, etc. Gt ha, 0L 295
352 Other cerebral paralysis € o Lo BafE s &2 36
340-351, 353-398 Other diseases of nervous system & sense organs 114

F O RS b £ U R D,

At this level of detail the underlying cause of
death does not enjoy a high level of confirmation
by ABCC pathologists when agreement with the
principal autopsy diagnosis is the criterion.'?
However, much of the discrepancy rests on the
pathologist’s preference for hypertension and gener-
alized arteriosclerosis as the principal autopsy
diagnoses in deaths from stroke, and quite often
ICD 330-334 are listed among the autopsy diag-
noses when they are not selected as the primary
autopsy diagnosis. With this background, deaths
attributed to diseases of the nervous system and
sense organs were first analysed as a class, and
then with respect to the cerebrovascular diseases
as a group (ICD 330-334).

For all diseases of the nervous system and sense
organs Tables 67 and 68 provide the results of
the dose-specific comparisons for the various time
periods and city-sex groups considered here. The
analysis of 1950-54 by distance adds nothing to
that by dose. Examination of the experience
of individual age-groups also fails to suggest that
radiation has played any role in mortality at-
tributed to these causes.

In separate tabulations made for deaths attributed
to vascular lesions of the central nervous system
(ICD 330-334) no significant relationships were
found between the risk of death from these
causes and radiation dose. Since the cause of
death is often not confirmed by the pathologist’s
choice of the principal autopsy diagnoses when
the underlying cause is given as some specific
cerebrovascular disease, autopsy diagnoses of
subarachnoid hemorrhage, cerebral hemorrhage,
and cerebral embolism and thrombosis, were also
examined as a group (Tables 69, 70), but without
uncovering substantial evidence that these con-
ditions depend on radiation dose; 32% of the
diagnoses involved hemorrhage, 62% embolism
and thrombosis.

50

2O XA ICilld S BTl TH 5 &, RTEHEA ABCC #HHE
FEOREL - LEMERII-L- TR SHER
HEODMHL g M LAl Tk
ViE, ER S ATECHF S L THEEE W M AE
e WAREE (AR A LR MR E T S5y A EEL
TEUALOTHD, LS R Lo s b2
ICD 330 — 3 MERHehT L LIFLIES S,

ZnZENZDHNT

ﬂ

THILAEELT, BRI IUNEROELRZES
HECEMLTR, $¥FT0EAREFIC2VLWTHITL
Az, WA ML TCD 330 — 334 ) & -BE L TH
Bl 7.

FETHE L UGBTIE, MG L UEH—1EMTEL- G

MEER B L U O T AT OE B M T SR H
OFSBE AT L 2. 195054 R0 G B MEERLIZ AR IF L <
ATH, HEMOMRIF BN <SRRI Zd-7.
GEMBEMWNOBIHCZROTE, MY aniEBLs
LSMERCEFLREILAZ AR TANALT

ohi E 8 A 0 i AT L3S ( 1CD 330 — 334 ) (2 K S ML &
BIEICEREL 2 s BRI LS TECEL NSRS
EroMzagtEsMERalvsh iz, RIERN
HEBWENHMEHEL LB T MG R, WE
EHOBE L A SRR L o T E OIEER AR
ENGVZ LAY, 7ERETHML, Kb, b
fefEd LU mizEOS MG —8 L L THITL 25
(#6955 L UT0), Zhs0ELVRERER-EES O
2V ELALHBEMIBOS AT
32% ANl 62% AN GE b & UMM IRAE T & - 2.

T, TO



Diseases of the Circulatory System

In the 1955 (7th) ICD revision cerebrovascular
diseases are excluded from diseases of the circu-
latory system. In addition to the 2690 deaths
from cerebrovascular diseases already discussed,
there were 1587 deaths from cardiovascular and
other circulatory diseases, as follows:

WHBEROER

19554 (% 7 [ ) [E PRI o T, a5 & 1308
BREFROBERBIERIENTVS, MHETHEL AR
W L ATECH260MDIE S, KIZHET & 310
BT HLEFE2OMOWREROEDCLSECTHEN
1587 & = 7.

ICD Description Deaths
sEm FEL 8
400—-416 Rheumatic fever, rheumatic heart disease 98
oa—=F0E LU a—vFHELRER
420 Arteriosclerotic heart disease 379
T MR A0 1 o i 75 288
421-422 Endocarditis, myocardial degeneration 458
PN e T I T TR
430-433 Other heart diseases < @ flim LiR#AER 234
440443 Hypertensive heart disease & MIE{EL-HRi%EE 149
444447 Hypertension & it 5= ¢ 191
450468 Other circulatory diseases bR EFRHEL T8

Separate statistical analyses were made on all
1587 deaths, on the 837 deaths coded to ICD
420-422, on the 234 deaths ICD 430-434, on
the 149 deaths ICD 440—-443, and on the 191
deaths ICD 444-447. For none of these causes
had earlier reports®™**'* disclosed any evidence
of relationship to radiation, but the present a-
nalysis is based on more information than has
been previously available.

The dose-specific comparisons pertaining to the
entire circulatory system (Tables 71 and 72) contain
little suggestion of a radiation effect. Detailed
age-specific investigations using distance, mean
dose, and dose-groups also failed to identify any
portion of the age-range ATB that was associated
with a significant increase in deaths attributed
to these causes. Any significant differences were iso-
lated and without obvious relationship to radiation.

Examination of the major components of the
entire class of circulatory diseases added little
to the information provided in Tables 71 and 72.
The O/E ratio of 1.44 (32/22.3) seen in Table
72 for Nagasaki female subjects exposed to 40-179
rad does not depend on any single component
or time-period. Table 73 summarizes the infor-
mation on the four major components of the
class of circulatory diseases over the entire 16-year
period.
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The 1576 autopsies performed in 1961-66 on
exposed subjects of the mortality sample gener-
ated more than 11,000 separate diagnoses. The

1961 — 66712 % 75 T 4 BB O HIRE PISH IR AT1576/

&0, BEIL000ML EnBFHshTus. Z0I

cardiovascular diseases are represented by the SOLELEELADFBIADEENTHD:
following counts:
ICD Description Diagnoses
A& 1 ki
400-416 Rheumatic fever, rheumatic heart disease 76
Ha=vFE, ) a— v FELRES
420 Arteriosclerotic heart disease 493
R 0 L R
421-422 Endocarditis, myocardial degeneration 238
Lo PR gE, oL AR T
430—434 Other heart diseases = @ (b L0 & 439
440443 Hypertensive heart disease & METECRES 232
444447 Hypertension  5m/E4 519
450-468 Other circulatory diseases 945

T O L TR S RS

Selected for specific analyses were the 76 deaths
with autopsy diagnoses of rheumatic fever or
rheumatic heart disease (Table 74) and the 238
with diagnoses of endocarditis or myocardial de-
generation (Table 75). In both instances the
distribution of observed diagnoses by T65 dose
was well within the bounds of chance under
the testing system adopted here.

Diseases of the Respiratory System

There were 352 deaths attributed to diseases of
the respiratory system, 282 from influenza, pneu-
monia, and bronchitis, and 70 from other re-
spiratory diseases. Examination of this material
by city, sex, age ATB, and interval of death
disclosed no important suggestion of any relation-
ship to either dose or distance. This was true
not only of deaths from all diseases of the
respiratory system but also of deaths from influ-
enza, pneumonia, and bronchitis considered as
a separate class. Tables 76 and 77 give the
details of the main dose-specific comparisons for
all diseases of the respiratory system. The OJ/E
ratio of 1.64 for subjects exposed to 180+ rad in
1962-66 represents 9 observed and 5.5 expected.

Diseases of the Digestive System

Deaths from diseases of the digestive system
number 1119 among the A-bomb survivors during
the entire 16-year period. distributed as follows
among the major subgroups of this class:
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Recode ICD Description Deaths

fEIETF 5 18 JEL 3
62 540-541 Ulcer of stomach & duodenum 254
W # kU IR
63 560-561, 570 Intestinal obstruction, hernia 67
e, ~nL=7

64 543,571-572 Gastritis, duodenitis, gastroenteritis, colitis 246
Mo, + 800, WlE AB:
65 581 Cirrhosis of liver Jrmix 236

66 530-587 Other diseases of digestive system 316

TOOFHLSRER

The dose-specific analysis on all diseases of this HIEBAOTNTORERL M 3NN T, fit
class showed merely that those of unknown dose P B d0 T 19505448 0 MU D FELCFE AT B 100
had a significantly higher risk of mortality in M EHNBMENANARTH (£T8). SHBREMND

1950-54 (Table 78). The distance groups for

T, wFhoEissEizLuTE, 2 ez
this perio(l do. mot d.i.ffer signiﬁcanﬂy in any r‘hnrk i3, wiih O;E.Tf[!]f{'i{ s S48 t J)IUUMI

is not the most proximally exposed (Group IV) (NB)Y T2 L, BKBOBEI:, WOEEEI200mA 5
but those exposed at 1200—1399 m in Hiroshima 1300m O B, Sl O 5 121500m A 5 1700m o 85 ( 11 BF)
and 1500—1799 m in Nagasaki (Group III). TEH =7
Deaths 1950-54 Distance Group gmats
1950—54 i PEL £ 1 I 111 v
O 219 A 35 28
E Wifs 225 47.7 27.9 25.8
O/E & 0.98 0.92 1.25 1.09
Further examination of deaths from all digestive FTRTOHELBEROELRIZLSECH IZ>VT, BN
diseases by city and sex (Table 79), by time BEUKEM (279), MRS & CRIBIEERIC X 51

period, and by age ATB, identifies only scattered,
minor components of the experience in which
dose or distance is significantly related to mortality.

Bad LA, SkEA TR oMo ET LM
FRA =AM A N TTE 2 .,

Similar analyses on the 254 deaths from peptic i fLﬂiF‘t-JIﬁ 12k 2 PEC 25 il & & UIFME LT
ulcer, and on the 236 deaths from cirrhosis of WA IZ20TLREIMZBIFZIT L4227, Fulz M
the liver also provided no more than occasional, DLW I ERTRAE X 28BshELITTHY,
unrelated bits of evidence which in the aggregate 2i6E LTI, BPEBEHETH-7 (%80). 1961—664F

seems gquite negative (Table 80). In the 1961-66
period there were 143 autopsy diagnoses of peptic
ulcer, and 211 of cirrhosis. This material was

DMz H TR, WCEREO S EEITS 1437, IF
MEHN2II e -7, ZOFBEZ>LTLRBOEN 2

also examined in the same fashion without finding TG/, Th6 ERHME OMGERY RO
any evidence of relationship to radiation. LG ok,

Diseases of the Genitourinary System MRBROERE

For analysis, the 360 deaths from genitourinary BifaiTe 320, ERESHOHEBIZ LS5 H 360 A
diseases were divided into two subgroups: FEKO2BIHHEL .
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Recode ICD Description Deaths
e Er B sm L
70 590-594 Nephritis & nephrosis 299
WanktriTo—-A
T 600—637 Other = s 61

Again, systematic testing failed to detect major
subgroups for which mortality from these diseases
was significantly related to ionizing radiation. For
Hiroshima males of unknown dose the mortality
risk for nephritis and nephrosis was elevated,
especially in 1950-54 with 5 observed deaths
vs 1.2 expected, but this was not seen in the
other groups and is of doubtful significance for
radiation (Table 81). Tables 81 and 82 give
the details of the major comparisons based on
deaths from nephritis and nephrosis. An analysis
by distance was not made for 1950-54, but if
those of unknown dose are combined with those
receiving 40+ rad, then the OfE deaths from
nephritis and nephrosis in this 4-year interval
become 18/14.1. The 87 autopsy diagnoses of
nephritis and nephrosis during 1961-66 did not
deviate significantly from expectation when dis-
tributed by T65 dose. For the other diseases
of the genitourinary system only the most summary
comparisons are shown in Table 83.

Symptoms, Senility. and Ill-defined Conditions

In Japan it is still not uncommon for death
to be attributed to senility, and 972 of the
13,093 deaths among A-bomb survivors during
the 16-year period have been so coded (ICD 794).
In addition, there were 246 deaths attributed
to symptoms of one kind or another (ICD 780-789),
and 37 to ill-defined diseases (ICD 790-793, 795).
All 1255 deaths have been subjected to the
standard screening analysis (Tables 84 and 85).
There is a significant excess of deaths in 1950-54
among those who received the greatest amount
of radiation, or whose dose could not be esti-
mated (Table 84), and when the same material
is analysed by distance (Table 86). This excess
is found to be characteristic of all four city-sex
groups, but the numbers are small, 11 observed
deaths vs 6 expected among those with 180+
rad, and 17 observed vs 10.5 expected among
those of unknown dose. In the later years no
suggestion of this relationship is seen. The excess
in 1950-54 is seen in those aged 50 or older
ATB.
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Perhaps those with the greatest exposure to radi-
ation had a higher risk of mortality from symptoms,
senility, and ill-defined conditions, but if so,
whether radiation, or some other aspect of the
A-bomb experience which is correlated with
distance from the hypocenter, is responsible for
these deaths, is unknown. It is possible that
those nearer the hypocenters had less access to
medical care before death in the 1950-54 period,
and thus more likely to have vague entries on
their death certificates.

Summary: Mortality by Cause, Distance, and Dose

The important new finding emerging from this
analysis is the increased incidence of cancer
(except leukemia) in the 1962-66 period among
those exposed to the greatest amount of radi-
ation in 1945 (180+rad). For none of the
individual sites is the evidence of relationship
as strong as it is for all sites combined. It is
therefore tentatively concluded that a late, general
carcinogenic effect has begun to make itself mani-
fest. It is estimated that incidence may have
been increased by about 20% for each 100 rad, for
cancers terminating fatally in 1962-66.

For all natural causes of death except leukemia
the discrepancy between observed and expected
deaths in the high-dose group in 1962-66 is
somewhat larger than that for malignant neoplasms

EROBEHAZTAE I AER, BB LUBI
ETHEOKRECLIIHECERHVEITESN, &L
T ThhE, CHARMERIIEZL0D, 30
LA soEErXHMzET2s00RBORREZL
AEOPRELLCLATHS. 1950 -HMEOHHMIZ &
WTIE, BOHIEVWEZE, JECHICERSSZ TS
SUBEhTwiEdpLEniZLeELLN, 2Ok
Hil, RCBHEBEoEZWMNEL S Fo 2L a[HEE Y
HaLBbhn s,

Ein (FEAR, WIZEMAS S UBRRAECE)

SO TR N ARELH L VIR, 194560 2
LEMOBBE S ENIS0rad ) FEZHEBIZHVT.
1962 - 66SE O M 0 85 ( B & Ff <) ORI 85 55 51
LTwhkZeTha. BUNZALEBET A TOS
&t LEMGIIEH+ 2 1Z 0@ ulFREs s i
Bt Lo T, BEMEO SN LR H
bt PRy Ic#ER LA 1962 -66H OBz k
SFHCERR, 100 rad D g20% WML £ LT 2
nha.

B & B ¢ mAEIzo 0 T &4, 1962 — 6647 @ M)
RO TEHARB AN BEIECE L WFIECH &
o, EEWER DL EZRE ) 0B I20TAL
Baozrngulsrkzv. FFhoMPEedie

(except leukemia) alone. The specific numbers are : LN TEHED:
Cause 0] E Diff.
FEE rEt WER =

All natural causes (Ex. leukemia)
EFIE(HIMMER ) 116 100 16
Malignant neoplasms (Ex. Leukemia)
BRI PR & ) 33 23 10
Other =it 83 77 6

It cannot be definitely concluded that causes
of death other than the malignant neoplasms
have not also been increased by the radiation
received in the high-risk group, but the analysis
does not suggest that such is the case. In the
eight comparisons that complete the scanning of
the spectrum of mortality by cause, two (infective
and parasitic diseases; and senility, symptoms,
and ill-defined causes) yield deficits in observed
deaths, the other six, small increases.

Throughout the l6-vear interval the leukemia risk
remains remarkably elevated in the group exposed
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to the greatest amount of radiation, but is clearly
on the decline. Approximate incidence for the
4-year periods is 115 deaths per 100,000 per
year for 1950-54, 95 for 1954-58, 55 for 1958-62,
and 35 for 1962-66. Among all 432 members of
the high-risk group (180+ rad) under age 10 ATB
and alive 1 October 1950, 10, or 2.3%, had died
of leukemia by 30 September 1966. In addition
to the clear-cut leukemogenic effect, but perhaps
not altogether independent of it, there is a
heightened risk of death from diseases of the
blood and blood-forming organs that also appears
to be sustained throughoul the 16-year period,
Hematologic and pathologic reviews of most of
the deaths in this class have been accomplished
at ABCC in connection with the leukemia de-
tection program. This review has brought to
light some cases of leukemia erroneously certified
otherwise on the death certificates, but these
differences in diagnosis are too few to explain
the entire phenomenon. It does appear that the
incidence of a variety of hematologic conditions,
including aplastic anemia, may also have been
increased by the radiation.

Little light has been thrown on the 1950-54
period beyond that provided by previous analyses,
With the passage of time this period can be
seen in befter perspective, and it is possible that,
apart from lenkemia, the excess deaths among
heavily exposed survivors in 1950-54 mark the
end of the acute effect of the bombs, rather
than provide evidence of late effects of radiation.
If this were the correct interpretation, it would
be anticipated that mortality in the 1946-50 period
would have been even higher, relatively, among
the most heavily exposed, than is observed in
1950-54. From the recently completed report
on the 1946 Hiroshima survey® it is possible
to compare the mortality for 1946-50 with that
for 1950-54 by distance ATB. Tachikawa and
Kato® employed many of the same methods of
analysis as were used here to compare survivors
exposed at varying distances ATB. Thus it is
possible to compare age- and sex-standardized
mortality ratios for the two time periods, although
the samples are by no means tne same (see Table).*

The O/E ratios for those within 1200 m ATB
are high for both sexes in each period, but
in the 1946—50 interval the O/E ratios do not
differ significantly by distance for females, and
in the 1950—54 interval it is the males for whom

AUICRLOMEIZISES. AFEZX0EZMBBMIzAEE L
ZOFECHEF, 1950 -54EHFE IO A %570 115 F,
1954 — 584 A95fH, 1958 — 626 H55(0, 1962 - B6E #35
FATHa., ECEFBERMMLT VS8 (180rad 1 k)
12 & THBEEIF &G A 105 R # 19504108 1 B 4isE
FLTOVEAREM I &, 2.3 %24 75109, #1966
SHIHMAMZAMBIZENFELE, ZoMed il
MAFEGROEH 12, MFEH L CBEMBOHEER LS
FECFECOGEMeE U T@mVvEITHE Y, Zhit
2 5 <OM & BmMNETIERVTHS 5. ABCC Tz,
FlUL@ T HMEo—BeE LT, SOREMBEBLTYS
FHCHEOE LA YI2OTHEENS & UHBRENLSE
MIHFITLbATEN, 20, BT TEST
finELLEREA TV AEBIHBRAFI 22 REEN
=8, SOLILEBEBMSERICLLL, ThERTS
OEHBEHFEMT ST Lv. BEENRmML XYo@
oM MBI LINBMMLTYS L5 T 5.

1950 -S4 FE MM IZM L T, Vo T8 s h -8
ROz Lo BRELAEALNLE o 2 BFH
COMMEEDIEVWREFTERETIIEN
TIHEIZ &5 Ch A 5. 1950 —SUF B 2 40 T o e pEmg
2388 o M AFECRE oM, Amm &P, ey
EREoMRTH I VI LN, LLE, K02
MlEoREETTLOTHha»ELAL L. L, 23
ThHNE, 1946 —504E ¢ S (2 & 1 5 ga i # IR F O FEC
Sz, 1990 -MIEMeMEsh~2RCE L E, BB
CEA 23 FThE. IMEOLBTRBEREES (-
B L TEGEZER L 2 S & Ml T 1946 -505E M o FECE
L1950 -MIFEMOFECE & 2RO FHRER - i+ 3
ZLHTES. 2OHEECEOTINEE CINTEN R
F AL T SFCH 0T 05 M Ak
DE G, SRoBRIFTRlvATEERUTh -~ L
EdaT, 7y TLEEILTHREVAY.* Z0To0H
Bz SHEMd & Uiz T L AECHER ]
MtyTaZEATES,

=gz,

wFholfizsucd, BEHLEFRL0LR, B
Tk R EEREIZ00m FEEEOIE S AR, LA L,
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*The averlapping portion of the two samples (in the city ATB) is less than balf of each.
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i 194650 1950-54
Distance Median
ey dose All All All natural causes
P causes causes Ex. leukemia
EFEH IR Bl o 29T
1700+ m 0rad  1.00 0.98 0.99
14001699 18 0.92 0.91 0.93
1200-1399 60 1.05 1.17 .15
<1200 199 1.18 1.29 1.15

the observed variation in mortality by distance
ATB does not achieve statistical significance
(P about .10 in the test for a linear increase
in mortality with decreasing distance). The excess
in total mortality during 1946—50 is most clearly
apparent among older males, and the excess in
all natural causes except leukemia during 195054
also derives largely from those aged 50+ ATB.

In the 1946—50 period information on cause of
death is much less complete, and the observed
differences among distance groups originate partly
in deaths form unknown causes. During 1950-54
excess mortality may be seen chiefly in malignant
neoplasms (except leukemia), diseases of the blood
and blood-forming organs, and senility, symptoms,
and ill-defined conditions. A tabular summary
follows for group IV, both cities and both sexes
combined, 1950-54:

HEOMMIZIE, BIRRFOBREIZ & - THlE= L MiEE
EORUCHMNMCHBLSHAOOURETHS (HE
ORADCHFESECHEOEZEMRIM M 3 HEECHLT
(EFESEHE49.10) . 146 -S0EEMI- 3 EEER MO
Ko sz, WMo Bk &0 S 8l i & BT S
0, #7, 1950 -S4 @ O Ml vhon 2FFEIZ & 5 5
CHEDRmE L L L TR ERS0EL Lo Kz 483 <
LOTHS. :

1946 - 50 F e W, HFRCMFTIHHIFEL TR S
THh, BEFENCE LS ERO -AILTRE T 08
faTHLELOTHS, 1950 -S1E0 MBI 3vTIE,
UFEORIME, & LTEEIF LW (DM %k <),
I de L FiEMB OFEL, FZEE, ERG L OB
BTN S RE L LT A G LA, 1950—54 1M 12 b 4
AUMERNIZMY 2l ke GabL 2 Go ik
MHEROBIZTFELVTHS.

Cause 0] E O-E
EH WEE  BER %

All natural causes (ex. leukemia) 241 212 29
EHE(AME &R <)
Infective and parasitic x4 3 & 0% himi 45 47 -2
Malignant neoplasms (ex. leukemia) 47 32 15
R E (O & B <)
Allergic, endocrine system, metabolic & 6 7.7 -2
nutritional diseases
TLLF—f, fgig MRS LrRRORL
Diseases of blood & blood-forming organs 7 1.4 6
Mmiid & O MmEEnHES
Diseases of nervous system & sense organs 37 35 2
MEFLLUFBRGOES
Diseases of circulatory system BHEIFHEL 22 22 0
Diseases of respiratory system H#BEFELD 8 10 -2
Diseases of digestive system MftEREL 28 26 2
Senility, symptoms, & ill-defined conditions 28 16 12

T, ER G E UG T A IR

The relation between mortality during 1950-54
and distance ATB is not clarified by comparison
with the 1946-50 period. In particular the com-
parison does not support the notion of an acute
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effect, initially large after 1945, and gradually
diminishing to zero in the mid-1950's. The excess
deaths from malignant neoplasms in 1950-54 are
not interpreted as evidence of definite radiation
carcinogenesis for three reasons: only Hiroshima
females contribute to the excess; fhe number
of deaths is none too large for a discrepancy
selected from among hundreds of comparisons;
and the excess in 1950-54 is not sustained, but
disappears and does not definitely reappear until
the 1962-66 period. In 1954-58, in fact, the
probability of dying from cancer for subjects
in group 1V is reliably below that for subjects
in group I. Figure 7 provides an age- and
time-specific comparison of groups [ and IV with
respect to the probability of dying from malignant
neoplasms (except leukemia), and from all natural
causes except malignant neoplasms. Groups I and
IV appear to be quite homogeneous in regard
to the probability of dying from natural causes
other than cancer in each time interval but not
from cancer. In Figure 8 the age-specific ratios
of cancer deaths (except leukemia) during 1962-66
per 1000 survivors living | October 1962 are
plotted for two T65 dose groups, those with
0-9 rad, and those with 40+ rad. Although
deaths in the high-dose group are none too large,
and the curve somewhal irregular, the suggestion
is strong that all survivors, or all under age
60 ATB, suffered some increase in the risk of
dying of cancer in this interval. In 1962 those
aged 60+ ATB were aged 77+ Whether the
increase in relative risk is a decreasing function
of age ATB cannot yet be determined from these
data. As noted earlier, in dose-specific terms
the increase in cancer mortality during 1962-66
appears to be approximately 20% per 100 rad
received. This contrasts with an average increase
of more than 600% per 100 rad in the base-line
risk of leukemia, averaged over the entire 16-year
period, As an estimate, the 20% must be regarded
as still very approximate. Although the linear
trend is significant at the .02 level, a more
certain reading on the existence of the effect
must be sought from a larger amount of material
accumulated over a longer period of time. Since
the effect seems not to have existed much before
1962-66, even if real it may not continue there-
after at the same level.

That deaths from causes other than leukemia
and other forms of cancer seem not to have
increased, either generally or according to an
age- and time-specific pattern (Figure 7), consti-
tutes evidence against the existence of accelerated
aging. It remains possible, of course, that the
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youngest ages ATB will manifest a deviant pattern
in this respect in future years. By 1966 those
under age 10 ATB were under 32 years of age.
For most of the older groups ATB, however, the
experience through 1966 should be definitive
enough, and all the observed mortality effects
seem better explained in terms of more specific
relationships between ionizing radiation and indi-
vidual diseases or groups of diseases. These
findings stand in contrast to those of Seltser
and Sartwell on U.S. radiologists.*

EARLY AND LATE ENTRANTS INTO THE
CITY IN COMPARISON WITH THOSE IN THE
CITY ATB

Introduction: Early and Late Entrants

In the original sampling plan' the effect of radi-
ation was to be sought by comparing proximally
exposed individuals not only with distally exposed,
but also with individuals who were not in the
city ATB. Francis et al®® had urged that the
latter comparison be made so as not to miss
effects that are not dose-dependent, and to guard
against the results of assigning erroneously high
radiation doses to those who were within the
city ATB bul far from the hypocenter. Noting
that “It is clear that there can exist no ‘control
group’ in the strict statistical sense of random
assignment of persons between treatment and
control groups,” Francis et al stated that even
an established gradient might not allow estimation
of the effect of the minimal dose, and that
absence of a gradient “would not preclude the
possibility that even the least exposed group had
received damaging radiation, either directly or
from fallout.” The progress of the ORNL-ABCC
dosimetry program has essentially destroyed these
arguments. It now seems virtually certain that
a large group of survivors received less than 1 rad
ATB'%!7 and that fallout was much too focal
in distribution, and small in amount,?®*% to cast
any real doubt on the dosimetry of the distally
exposed. Moreover, experience with the com-
parison of the exposed and not-in-city components
of the sample® has shown that they differ for
reasons that almost certainly have nothing to
do with radiation, but reflect differences in prior
medical and demographic history, and their
self-selection as migrants into the two cities
after 1945,

Although the effect of radiation is best sought
in dose-specific comparisons confined fo those
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who were actually in the city ATB, if those
not in the city ATB could be validly used in
drawing inferences about radiation, they would
add some power to the statistical comparisons.
The essential question, then, is: By what date
will the selective factors influencing their mortality
have worn off 7 Only if it can be determined
that this date has been reached can the large
investment in this portion of the sample yield
a return. In the previous analysis of deaths
through September 1960% it was shown that
standardized death ratios for those not in the
city ATB were generally rising throughout the
decade 1950-60 toward the level of the ratios
for the distally exposed.

Interest in the “early entrant” stems from the
initial concern over the effect of fallout and
of residual radiation, especially on rescue workers
who entered the city in the first few days after
the bomb. Recognition of the early entrant as
an “‘exposed” person has been extended by the
Japanese government under the terms of the
ABSMTL* and the administrative provisions
governing it. The biological evidence that such
workers received significant amounts of radiation
has always been moot, and consists largely of
reports that some rescue workers had symptoms
akin to acute radiation symptoms, and some
frequently cited but unpublished data of Watanabe®®
suggesting that disproportionately large numbers
of leukemia cases occurred among those who
entered Hiroshima within the first 3 davs after
the bomb.

At one time a Hiroshima research group®’ pro-
posed that the dose received by early entrants
be estimated by means of careful histories of
movement within the city at measured intervals
of time after the explosion, encouraged by calcu-
lations suggesting that some early entrants might
well have received doses in the range of 150 rad.
In 1960 Arakawa reevaluated all reports in the
literature and concluded® that the maximum
dose, at the exact hypocenter, integrated from
I hour to infinite time, was probably on the
order of 24 R in Hiroshima and 4 R in Nagasaki.
Although one method of calculation gave a maxi-
mum of 183 R in Hiroshima, Arakawa pointed
out that the radioisotopes involved had extremely
short half-lifes, so that 70% of the activity would
be expended in the first 24 hours, when flames
made it very difficult to remain in the area
of the hypocenter for many hours. In 1967
Shono published a major revision®® of his earlier
estimates that brought his position very close
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to that of Arakawa. Hashizume, reporting an
independent effort to measure residual radiation
in Hiroshima, reached similar conclusions in 19683
Hubbell, in a recent unpublished review,>® has
enumerated the many circumstances thal would
seem to have made it impossible for a person
to have received more than a fraction of the
maximum values set by Arakawa and Shono.
He gives 5 rad as the “maximum credible dose.™

Since the goal of research at ABCC has been
not simply to name the late effects of a single
exposure to ionizing radiation, but to measure
them, specifying their relationship to radiation
in functional form, and since a physical dosimetry
applicable to the early entrant seemed clearly
impractical, there has been no reason to combine
the experience of the early entrants together with
that of subjects who were actually in the city
ATB. In constructing the mortality sample this
distinction was rigorously maintained and at the
end those selected for the not-in-city comparison
group were classified as “early entrants” and
“late entrants,” the former being those who said
they had entered the city within 30 days of
the bomb. This identification has made it possi-
ble to segregate 4526 early entrants from the
22,027 late entrants; 82% of the early entrants
are in the Hiroshima sample, Since the questions
to be answered by an examination of the mor-
tality of those not in the city ATB are method-
ologic and ancillary to the dose-specific analyses,
they are considered separately here.

Deaths among those not in the city ATB increased
from 1833 in the previous analysis to 3443 by
1 October 1966, enabling cause of death to be
examined in rather more detail than formerly.
The ICD recode groups employed in the present
analysis are:
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Recode ICD Cause of death
& IE T & FEIH
0198 001-999 All causes %A

0182 (ex 24) 001-795

9298 E963-E999, 799
92 E963, E970-E979
0102 001-138

01 001-019

1023 140-203, 205

All natural causes ex. leukemia

FLILA & P £ EMTE

Suicide, homicide, war & cause unknown
B, Mu#, WersLUREASM

Suicide 11§

Infectious & parasitic disease

[ZildS & & PR dui

Tuberculosis &t

All malignant neoplasms ex. leukemia
Bl % + < ToOEEFEW

—_—
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Recode ICD Cause of death
JELTE Fe
11 151 Stomach cancer B
16 162-163 Lung cancer fiti 486
19 171-174 Uterine cancer F&&
24 204 Leukemia = L9
3032 250-289 Allergic, endocrine system, metabolic &
nutritional disease
Tk, s, PE RS L UER
NEL
3334 290-299 Diseases of the blood & blood-forming
organs
L i 45 & OF S L & O AL
4045 330-398 Diseases of the nervous system & sense
organs
REFFLIUVRESOHES
5056 400-468 Diseases of the circulatory system

EERELOES

The time periods governing the analysis are those
already given, namely the four 4-year periods
and 1950-66 for the Nagasaki sample, but 1954-66
is used for Hiroshima because half of the Hiroshima
subjects who were not in city ATB entered the
study on the basis of the 1953 Hiroshima Daytime
Census, and an additional 20% entered in 1951.

The suitability of the subjects who were not
in city ATB as a comparison group for the
exposed, and the possibility that the early entrants
have suffered a higher risk of mortality, are
somewhat related questions and it seemed more
efficient to answer them with reference to a
single table than to employ two. For this reason,
the following analysis is organized primarily by
cause of death, and only secondarilv by the
distinction between these two questions.

In preparation for the present analysis the early
entrants were further subdivided according to the
earliest date they had penetrated the area proximal
to the hypocenter, how deeply they had penetrated,
and how long they had remained in the city.

The coding scheme was somewhat more detailed
than that shown in Table 87 but small numbers
in some rubrics necessitated regrouping for tabu-
lation. Any such classification is inherently arbi-
trary and must of necessity reflect the detail
of the underlying records. Its use provided the
following breakdown of those not in the city ATB:
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City Early Entrants (EE) WA E | a0 Entrants (LE) Total

it a b A B it
Hiroshima &8 171 421 3120 16497 20209
Nagasaki £ 23 32 759 5530 6344
Total & &t 194 453 3879 22027 26553

Clearly the early entrant groups are too small
for extensive analysis. The several statistical
tests are:

I. EE vs LE (that mortality of early and
late entrants is homogeneous);

2. a vs b+c (that mortality in the very
early entrants is homogeneous with that
of all other early entrants);

3. a vs b vsc (that mortality in the several
groups of early entrants is homogeneous);

4, avs b vs ¢ vs LE (that mortality in all
the not-in-city groups is homogeneous.

In a fifth comparison (EXP vs NE), the mortality
of all those in the city ATB (survivors) was
contrasted with those not in the city ATB
(EE + LE). In the tables reproduced here sig-
nificant evidence of departure from homogeneity
is indicated only for EE vs LE, a vs b+te, and
EXP vs NE, but the results of all five tests
are used in the text.

All Causes

When deaths from all causes are examined in
relation to the early- and late-entry classification,
and whether or not subjects were actually within
the city ATB (Table 88), there appears to be a
relative deficit in the deaths among the early
entrants, definite only in the Hiroshima experience,
and not confined to the early years of the period
of observation before the sample was actually
assembled. We cannot prove that an early entrant
who died before the ABCC investigation for eligi-
bility was as likely to have entered the sample,
and to have been recognized as an early entrant,
as an early entrant who was alive when investigated
for eligibility. The period 1962-66, which begins
only after the sample was closed, is not open to
this theoretical objection. Nevertheless, in 1962-
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66 the mortality of early entrants into Hiroshima
remains suggestively low (P=0.05) in relation to
that of late entrants. The deficit is not seen in
the Nagasaki sample.

For the entire interval 1950-66 the standardized
mortality ratios of subjects who were actually
within city limits ATB are about 5% ahove those
of late entrants, bul the discrepancy is nearer
20% early in the experience, and about 10%
during 1962-66. These differences reflect three
influences: the higher mortality of the heavily
exposed at both ends of the calendar period;
the exceptionally favorable mortality of the early
entrants throughout the period; and the favorable
experience of the late entrants early in the period.
These differences can be better understood in rela-
tion to the specific causes of death on which
they depend.

Accidents, Poisonings, and Violence

The evidence of Table 89 is that any discrepancies
between early and late entrants rest on too few
cases to be reliable or of any practical significance.
There is no consistent difference belween those
who were actually in the city ATB and those
who were not; in the single test returning a statisti-
cally improbable result, in the period 1954-58,
mortality was appreciably higher in the A-bomb
survivors.  This discrepancy depends on a higher
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rate for suicide among the survivors, especially ftf=, ZOER, HBED, WK LHIZARFE
Hiroshima females, in ttus'mterval‘ ‘The. compari- MEBEELELNTHS. SHREC>LTOHME
son of deaths from accidents, poisonings, and
violence for the entire sample follows: b e
Location ATB Total # 8 Suicide f#O & Other =& fih
BRROMA O m¥# E MiFsk O Mm% E Mmi¥ O Mm% E Mivs
Total & 302 302 116 116 186 186
In city diyizv 2§ 246 227.3 101 87.2 145 140.1
Not in city 56 74.7 15 288 41 45.9

(11150 TR B o

The period 1950-58 is not one in which the
dose-specific analysis showed that the likelihood
of suicide varied in relation to the amount of
radiation received. Further, whether or not one
expects a dose- or distance-dependent relationship,
one might well expect survivors as a group to
be more prone to suicide than those less
emotionally involved. For this reason, fuller detail
on deaths from suicide among those in the city
ATB (the survivors) and those not in the city
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ATB is given in Table 90. Variation within
the Nagasaki experience is well within the usual
range of chance, and for no period other than
1954-58 is a significant discrepancy seen in the
experience of both cities combined. For neither
sex in the Hiroshima sample does the excess
of suicides among survivors achieve statistical
significance, but for both sexes combined in
1954-66, with 159 observed vs 147 expected
among survivors, and 37 observed vs 49 expected
among those not in the city ATB, the statistical test
returns a probability of 0,03, If, in fact, the risk of
suicide is higher among survivors than among
other residents of Hiroshima and Nagasaki, the
excess must be small, for Nagasaki survivors have
fewer suicides than expected, and it is only for
the 1954-58 period that there is a net excess
among survivors, Finally, the apparent excess
numbers 12 deaths in the Hiroshima sample of
about 60,000 survivors during the 12 years from
1954-66, and is limited to the period 1954-62.

All Natural Causes (Except Leukemia)

Deaths from leukemia were excluded from the
comparison because these deaths are already
known to occur more f[requently among the
survivors, and the early entranis can be more
sharply contrasted with the late entrants in a
comparison resiricted (o the risk of leukemia.
The O/E ratios of Table 91, and the rusults
of the three main statistical tests summarized
there, are quite like the corresponding entries
of Table 88 for all causes of death.

Infectious and Parasitic Diseases

Deaths from infectious and parasitic diseases,
about 85% of which are attributed to tuberculosis,
distinguish both the early from late entrants and
the survivors from those not in the city ATB
(Table 92), The standardized mortality ratios are
generally higher for the survivors than for those
not in the city ATB and significantly so in
a test on the entire experience of both cities
for the 1954-66 interval. In Hiroshima, at least,
early entrants appear to have a reliably lower
mortality from these diseases than do late
entrants. For the entire 1954-66 period the
observed and expected values for both cities
combined are:
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Group (6] E O/E
B i e 2t A 1 £ i
Early entrants 5 M Al & 30 45.3 0.66
Late entrants Wi & 162 175.6 0.92
In city ATB mRs#itiizon~% 708 679.2 1.04
Malignant Neoplasms BEFEY

In the entire 16-year period of observation there
were 124 deaths from leukemia, and 2873 from
other malignant neoplasms, distributed as follows:

I6FEHEOMTEEBAICIE, ARKBICESEC 12400, £
O EEH EMIZ L STCHBBALD, TOHTHIE
:):C’) r': 3’:‘ ” "..".ﬂ '5 :

Early entrants ## Aili fi

Cause of death In city ATB Late entrants
LK RERAREd Iz 4 b e P A i
Leukemia ('m0 #% 116 0 0 4 4
Other Malignant neoplasms 2276 4 18 106 469
T OO EERED
Number of subjects 82271 194 453 3879 22027

MRS

In this sample, at least, the very early entrant
seems not to have had the exceptionally high
risk of leukemia that Watanabe is said to have

observed® (Table 93), although the very early
entrants here are few. The one death occurring
in the entire Nagasaki sample of early entrants,
1950-66, plus the two observed in the Hiroshima
sample, 1954-66, do not differ significantly from
the approximately 1.6 deaths expected from
Japanese vital statistics (30 per million population
per year X 53,500 person-year= 1.6 cases). The
difference between survivors and those not in
the city ATB is not at issue here, but consistent
differences are seen, and are usually too large
to be explained by chance.

Of somewhat greater moment is the mortality
attributed to malignant neoplasms other than
leukemia (Table 94). Unlike Nagasaki survivors,
the Hiroshima survivors do appear to have had
a higher risk of cancer than those not in city
ATB. This is true not only for the total period
shown in the table, bul throughout the interval.
For the individual 4-year periods the observed
and expected deaths among Hiroshima survivors,
and P-values obtained in the tests of survivors
vs those not in the city ATB. are:
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Year (6] E O/E P
LETH] Hen WiiE 2 §:4
1954-58 430 423 1.02 0.71
1958-62 522 499 1.05 0.02
1962-66 566 540 1.05 0.02

We have already seen that the risk of cancer
in the most heavily exposed seems to have been
higher than that of the lightly exposed survivors,
especially in the early years of the experience
(1950-54) and in recent years (1962-66). The
comparison of all survivors vs those not in the
city ATB reflects this heterogeneity among the
survivors. To answer the question whether the
mortality of those not in the city ATB provides
a reasonable basis for assessing the influence of
radiation in the heavily exposed it will be useful
to compare the more distal survivors (distance
group I) with the late entrants. This is done
in Figure 9 by means of mortality ratios for
10-year year-of-birth cohorts in each 4-year inter-
val, on a semi-logarithmic grid. For 1950-54,
only the Nagasaki observations are used, thereafter
the data of both cities combined. These com-
parisons suggest no reason why those not in
the city ATB may not serve a useful role in
studies of the cancer mortality of the survivors,
but it would be desirable to examine the material
by site of cancer for several major sites.

Early and late entrants into Hiroshima differ in
their cancer mortality (Table 94) but not those
into Nagasaki. The early entrants have the lower
risk, chiefly on the basis of their experience
in 1954-58. The details for each of the 4-year
intervals for early and late entrants into Hiroshima
follow:

TR L Ak 5D, G AR O MR O R
BHE LN EEM S, SN (1950 -544F) L RiED 4
FHI92-66F) 2L THEZFE LV LEITH 2. #
BELAERECHNCVED 2R EOREIZIE,
HEREMOCOZAREEIREIT. BEGRBEIIHST 2
WSO EREFMy 2 -0ndEE s LT, R H
AL, 2 HEORCELHAT I LAFRAUTHS
AEIPEOIEMER AHICE, SPEED S (EE
Bl) CBEBATELOHRBMETILNBUTHA I -
220 B9cabadkats, 4T LA Mz
SNEEMIF— FOFECE 2 F B &y THE
FfTE- 2. 1950-MFoBMEZERORBRLZITHY,
ooz >uTRETORBEEHLE. Cok
WA Aid, FBEHMIzw b o 24, #HIREOME
CHOMFICHFALENERALAZVEVIEBEIET
BENL DL N, W orOEESUMN B EEY
TaleHFEE LuESEcBhhE,

BlfwiEEdoud, IEBCEOTIEFIAR# &%
ARBrOBEEFCEFS) (£M), PMATEOE
SAFLCEMNE . ZhiEFELLTIN-8BFEIZEITS
EHEVEDTHS. EBIZFUT RS L UERBAT
FrouwTodEZLoZNMNoRMEROLED T
HA.

SYéar Early Entrants M Afd7# Late Entrants #f Adi & P
1| Om%s OJE & O W%  OJE &
1954-58 21 0.65 106 1.04 0.01
1958-62 36 0.91 101 0.84 0.68
1962-66 33 0.76 115 0.88 0.12
Natural Causes Other Than Cancer ExE<{ERA

Other causes of death were studied on the basis
of the groups appearing in Table 95. Only the
totals for Nagasaki (1950-66) and Hiroshima
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(1954-66) are shown, but for each cause the
comparisons were extended to include sex and
time-interval. For only a few groups of causes
are differences noteworthy: diseases of the blood
and blood-forming organs, cardiovascular diseases,
digestive diseases and symptoms, senility, and
ill-defined causes. There is but a single death
from diseases of the blood and blood-forming
organs among the late entrants into Hiroshima,
in relation to an expected value of 11.6, a
remarkable discrepancy. In Nagasaki the two
observed deaths from these causes compare with
an expectation of 3.4. In both cilies, it will
be recalled from the dose-specific analyses, sur-
vivors exposed to large amounts of radiation
were at appreciably higher risk of death from
diseases of the blood and blood-forming organs
than survivors exposed to 0-9 rad, and statistical
tests over the four dose-classes showed significant
evidence of a linear increase in mortality with
increasing dose. Hence, some of the discrepancy
in Table 95 for diseases of blood, etc. reflects
the influence of radiation on the expected values
calculated from a total experience dominated by
survivors. However, if the contrast of Table 95
is confined to those who were exposed to little
radiation ATB (distance group I) vs late entrants,
the observed number of such deaths among the
late entrants remains well below expectation. For
Hiroshima, without adjustment for age and sex,
the comparison yields:

CEHSERMBOAEZZICRLEY, EREAC>VT
OHGEERN S L MM 2T 4 - . Bt ~<e2
BEARLEOE, M@ L UELSEL: BESRMEL;
bRl &6 UICAER, E¥H & ORI LT
DIRIEIZLZECTHS, EROBAGEZEVTIE,
mMfEs EEmBmOELICLIFECH, HEkll.6Ts
SO LTHEKEHF>CIWMbIIcTELD 2.
THIIREFTEETHS. —H, EMTIE, ZoERC
FHECOMBHNIAFTHEIAOIZH L THENIE2
fTh- Zzo@BIRKCR, Widitiiz2Ro
RS A ERECF I MBS L LSO HES
CEBFECEI PR O - rad OWRBE LA LY
oI EHED LA, Mol IZ2 VT oRE T,
FREEO RN & & & 1ZFE AP N+ 2 H R L0
AR ANA, LENFT, EBTHBEOELIZD
VTEZENSHERLOED—HI1E, EFOIELAYH
HEBECE-ThHEYoNTVIENEZESOUTHE SN
EE#EaYREROBEEZITVSILERBLTYL
5. L#aL, Bt 5 ey Rmes & fo kot
R AH(IEEEWT) EEMAFRE L ICE . TARIL,
EMATREI LS 2R COMEREMEREY 20D
L., BB TERSSPEoMEL2TT b vT
Eg+hiIkoesnizis:

Year Distance group I SR | Late Entrants &M A i &

L 0 mEu E Wiis % O M%% E min
1954-58 8/43, 009 5.81 0/16, 235 2.19
1958-62 13/41, 128 942 0/15, 638 3.58
1962-66 13/39, 251 10.14 1/14, 965 3.86
1954-66 34/43, 009 2537 1/16, 235 9.63

The 58 deaths among the Hiroshima survivors
in the 1954-66 period include 35 atiributed to
the anemias and 23 to other diseases of the
blood. Why the late entrants should manifest
such a remarkably low incidence of mortality
from these causes remains unexplained by this
analysis, The alternative explanations are: a
random deviation; unknown selective influences
associated with the migratory and demographic
background of the late entrants; and an ab-
normally high risk of mortality from these causes
among survivors exposed to little or no radiation,
The last of these is the most provocative but
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also the least likely, especially since the three
leukemia deaths among the late entrants into
Hiroshima are close to expectation, about 5.5
if the all-Tapan rate of about 30 per million
per year is used, and 6.1 if the comparison is
made between distance groupl and the late entrants.

The variation seen in the analysis of deaths from
diseases of the circulatory system (Table 95) in
Hiroshima also finds no explanation in this analy-
sis. In the dose-specific analysis of survivors
there was little indication that the risk of death
from these causes depended upon the amount of
radiation received. Thus, it can only be concluded
that the differences in Table 95 with respect to
diseases of the circulatory system probably have
nothing to do with radiation, but may reflect
unknown characteristics that have become con-
founded with presence in the city ATB or shortly
thereafter. For the early entrants, the low risk
seems to be characteristic of the entire 12-year
period, but is especially marked in the 1962-66
period (18 observed vs 30 expected) and it is
only in this period that the difference achieves
statistical significance. For the late entrants it
is only in the 1962-66 period that any substantial
deviation from expectation is seen (68 observed
vs 94 expected). If these differences are reliable,
and nol simply the result of sampling variation,
they reflect factors that are bevond the control
of this analysis.

The discrepancy seen between those exposed ATB
and those not in city ATB with respect to deaths
from diseases of the digestive system (Table 95)
rests very largely on Hiroshima females, for whom
Test 1 returns a probability of 0.04. Nothing
in the analyses by dose and distance suggests
that radiation may play a role here.

The fourth group of causes for which the analysis
reveals a noteworthy discrepancy between sur-
vivors and those not in the city ATB are the
poorly differentiated ‘“‘symptoms, senility, and
ill-defined conditions™ of ICD class XVI (Table 95).
In this instance it is the survivors who seem
favored (1017 deaths observed vs 1058 expected),
a fact which suggests the possibility that the
cause of death may be better specified for sur-
vivors in Hiroshima or Nagasaki than for one
who was not in the city ATB. If so, this fact
might account for some of the discrepancies noted
for more specific causes (e.g, diseases of the
cardiovascular system). For example, the deficit
between observed and expected deaths during the
2-year period is 44 deaths among the late
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entrants. The corresponding excess deaths from
diseases of the circulatory system are 34. For
the three 4-year intervals the deficits between
observed and expected deaths among survivors are:
1954-58, 1; 1958-62, 14:; 1962-66, 23. Such
deficits might come about in many ways, few
of which can be explored on the basis of the
data in hand. However, an examination of the
proportion of deaths coded to these ill-defined
causes shows it to be higher for those not in
the city ATB than for the survivors, and declining
more rapidly, in time, for survivors than for
those not in the city ATB:

HERCORBHIMBEEIVLUFALLL, — K, &
BEFOEBCIIFECRUBE L. gBFC2OT.
1EZEOEMMEIs T ATECOBFRICHT 2 EY
ATRBEROEEN THS: 1954 -58iE 1 fif; 1958 — 62
FEIMR; 1962 -66FE 23, CoE s TR EA0FEA
THELIAY, FLLEORMTREOBHRBELALT
HAETHS. LAL, ChooFMPrHoEE: Lo
fizhTOARCHOBEEAS L, HRELN LB
BEIZHIAIZ A 2o ROBEAEC, BRIMIZAS 2
W EIL ST SWERFERE TNz e AE LD
LRMITRLTVA:

Deaths coded 1CD XVI

Year ICDEXMNBRLELTENMEhARECE
0 Al In city ATB Not in city ATB
BagEdigc o s BREHrco S 2k
1954-58 11.9% 13.9%
1958-62 10.0 11.8
1962-66 6.8 10.7

The difference of 3.9% in 1962-66 would be
sufficient to account for 38 deaths, and would
eliminate the discrepancy seen in Table 95, for
symptoms, senility, ete. It seems likely, therefore
that we are dealing with a manifestation of differ-
ences between survivors and those not in the city
ATB with respect to medical care and death
certification,

Finally, in order to learn whether those who were
not in the city ATB might now, or soon, be
comparable in their mortality with survivors expos-
ed to little or no radiation, and thus of at least
occasional value in strengthening statistical com-
parisons aimed at assessing the increment in risk
of mortality attributable to small amounis of
tadiation, the late entranis have been compared
with distance Group I in Figure 10, Four-year
mortality ratios are plotted by age ATB, for
each 4-year interval, for these fwo components
of the sample, without regard to city or sex,
except that the plot for 1950-54 pertains to
Nagasaki only. The graphic comparison suggests
that those not in the city ATB have been roughly
comparable with distal survivors with respect to
natural causes other than malignant neoplasms,
in both the 1958-62 and 1962-66 periods. That
they may not be entirely comparable with respect
to any particular cause of death seems clear from
the preceding discussion of ill-defined causes. For
1962-66, for example, 7.2% of the 2308 deaths

73

1962 — 66 o WM 1= s 1 & W 85 22 3.9 % o i PR A 12 (2
TECHIBMA U w Y HAIZWEN, ZNIZE-THSD
SR EHESOMEE A N3 2EINMY 22 2128 3.
LT, ZZicabhsEER, #EHERIBEIZH
Mz LD AFLNTIERS LUFECBIFTO A
HECLBHIRBOCETUTREUARATHS LI 1ZR
hih 5.

FERMBF IR G o AEOIECESY, RiHEEL
AY, 703, LB LH > HEREOFECH LN
Thad, &2, BE{A—-zZs50cshlE, +Ro
Pk aEEEoMMz>vTtoFEMEAME T3
iR omtic b L LEMELTRAEDTHS .
COREREAEDCENTEMATES B L0
Rz Th=7"" 88 " 20FiIcatS 410
ZEOFMMhOFECHEEF LB L E G L TR
FMERI TR v 2, 2222 L, 1950 — 540 oo gl (2 BRI 00 6
HBodthz. coREZIRETE, EEHths
Be < #5FEHT, 1958 — 624 &+ L (1962 — 66 OVE IRz &
WT, Bk cdiic ot 2 F L BRERRE LI1E
FERIUThaZLA¥FTMERTVSY, FEOEHTH
ORELZESHEIZOUTESLEGIZHB\LEE I,
hAaBEORHELIDLTANE, EFLEESIIR -
LEVCZEANHEAITHS. AL ElE, 1962 -66EE
MZFATHE(BIVE) LAz TOAIERI, HEE



PERCENT DEATHS

#ES

FIGURE 10 DEATHS FROM ALL NATURAL CAUSES EXCEPT MALIGNANT NEOPLASMS,
DISTALLY EXPOSED VS NOT IN CITY ATB, BY AGE ATB,
BO TH SEXES AND BOTH CITIES COMBINEE
110 BEEEFT 4 & Br 20D & S ECH 0 MEERE %S & BRI
WEhosE Lol FEREEEML, f@il, Badat

Not in eity {(Early entry)
PR G o 2 F B A T &)
——— Distonce group 1 S [

10.0

1.0

Hiroshima & Nagasaki T - 128 & it

i)
0 20 40 &0 0 20 40 60 0 20 40 60 0 20 40 60
AGE ATB mi#ns e h
1950-54 1954-58 1958-62 1962-66

Tab 01863, VI-§§-SD-4:6-0182-1023



in distance Group I were classified as ill-defined
(ICD XVI) in comparison with 11.2% of the 771
deaths in late entrants.

Summary: Early and Late Entrants

Survivors and those not in the city ATB differ
most remarkably in mortality from leukemia and
from other malignant neoplasms, especially in Hiro-
shima, The latter difference is most prominent
in the period 1958-66. In comparison with the
most distally exposed survivors, however, those
not in either city ATB have very similar mortalitv
rates from cancer throughout the 16 yvear interval.
If deaths from leukemia and other malignant
neoplasms are excluded, it appears that by 1958
those not in the city ATB were subject to essentially
the same over-all mortality as the survivors. Differ-
ences are, however, seen between the survivors and
those not in the city ATB with respect to deaths
from diseases of blood and blood-forming organs,
cardiovascular diseases, digestive diseases, and from
symptoms, senility, and ill-defined causes, differ-
ences that seem to reflect the way deaths are
certified in the two groups. Throughout the
period of study the proportion of certificates
signed out to symploms, senility, and ill-defined
causes is higher for those not in the city ATB, and
the difference between the exposed and those not
in the city ATB in this regard has been increasing.
Otherwise, there are only a few differences between
the survivors and those not in the city ATB that
are noteworthy, a possible excess in the suicide
rate among Hiroshima survivors prior to 1958,
and an excess of deaths from infectious and
parasitic diseases (primarily tuberculosis) among
the survivors.

The early entrants into Hiroshima have had fewer
deaths, relatively, than the late entrants. This
is seen throughout the period of observation, even
during 1962-66 after the sample was closed and
when retrospective aspects of the investigation
for eligibility would not be expected to influence
mortality in any way. Suicides are not increased
among the early entrants, being about 2.2 per
1000 vs 2.3 in the late entrants, for the total
period considered here. There were only three
leukemia deaths among the early entrants in the
period 1954-66, and little evidence that they were
at higher risk because they entered the city early.
The over-all cancer mortality of early entrants
was low in relation to that of late entrants, but
remarkably so only in 1954-58., The standardized
mortality ratios for tuberculosis were 0.80 for
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early entrants, 0.91 for late entrants and 1.04
for survivors. In general, the mortality of the
early entrants into Hiroshima is suspiciously low,
as though their retrospective designation depended
upon survival, or they were selected for good
health initially. The fact that their mortality
remains suggestively low in the 1962-66 period,
after all eligibility requirements had been satisfied,
argues against sampling bias as the complete expla-
nation, but it may have been a factor prior to then.

SUMMARY OF FINDINGS

Development of the new T65 dosimetry for A-bomb
survivors made it mandatory that the entire ex-
perience of the JNIH-ABCC mortality sample be
reexamined on the new dosimetric basis. By
1967, when the new dose calculations were com-
pleted, it was possible to extend the period of
mortality follow-up from 1 October 1960, the
terminal date employed in the last comprehensive
analysis, to 1 October 1966, At the same time
it was judged desirable to include in the analysis
all subjects in the reserve sample who were within
2500m at the time of the bomb (ATB) which
increased the sample from 99400 to 108,800,
These extensions in time and sample size increased
the number of deaths from 8614 to 16,536, of

which 13,093 had occurred in A-bomb survivors

Cause of death is obtained from the death cer-
tificate in standard fashion, but for certain causes
the extensive ABCC autopsy experience is drawn
upon for supplementary analysis of autopsy diag-
noses for deaths occurring in the 1961-66 period.

The T65 doses estimated for Hiroshima subjects
are much lower than those calculated under the
T57 dosimetry; for Nagasaki subjects average doses
at fixed distances are little changed. For Hiroshima
survivors exposed at 1000-1049 m ATB the average
T65 dose (gamma and neutrons combined 1:1)
is 269 rad, down from 553 in the T57 system,
and at 1500-1549 m it is 20 rad, dewn from 65.

In the analysis main reliance is placed on ratios
of observed to expected deaths, with expected
deaths being standardized for age, sex, and city
of exposure. Systematic comparisons were also
made of those who died vs those who survived
with respect to mean T65 dose, statistical tests
of significance being age-, sex-, and city-specific.
Log (T65 dose + 1) was taken as the variate for
the latter analysis because the T65 dose distri-
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bution is highly concentrated at the low end of
the scale, and the modal value is 0 rad. Screening
for possible radiation effects also employed
distance ATB, but the class intervals used in
previous reports were changed in the light of
the new dose distribution so as to insure that
groups of survivors in the two cities would have
about the same total T65 dose. In an effort to
deepen the search for age-specific effects, separate
comparisons were made on each 10-year age ATB
group for both cities and both sexes combined,
but separately for each 4-year period. These
age-specific comparisons were based on mean log
(T65D + 1), the four dose groups, and the four
distance groups.

Statistical tests of homogeneity were systematically
performed, but in addition a number of tests
were devised against particular departures from
homogeneity, especially linear and other increases
in mortality risk with increasing dose (or decreasing
distance from hypocenter). Tests have been per-
formed at the 0.05 level of significance, in prefer-
ence to 0.02 or 0.01 on the view that the
analysis is essentially a screening operation to
detect possible effects for further study, and not
a definitive analysis aimed at establishing relation-
ships that can be asserted with minimal risk
of error. Because all previous work has shown
that those not in the city ATB, often migrants
who were overseas ATB, may not have had the
same expectation of mortality as those in the
city ATB. apart from the effects of the bombs,
screening for possible effects of the atomic radi-
ation per se is confined to the 82,271 survivors
in the extended mortality sample.

It was not possible, as had been planned, to
analyse apparent discrepancies in mortality risk
associated with dose or distance by introducing
control variables other than the demographic
factors of age, sex, and city. Although it had
been planned to make supplementary use of soci-
ologic factors, especially occupation and other
indices of socioeconomic status in 1960, and
also trauma, burns, and acute radiation symptoms
caused by the bombs, technical complications
made it impossible to include such analyses in
the present report without greatly delaying its
appearance. Accordingly, further analysis of these
topics, which were considered to some extent
in the last systematic report,® remains for the
future.

The report also deals with certain historical aspects
of the construction of the sample that relate
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to the possibility of bias in comparisons aimed
at testing for the effects of atomic radiation.
Finally, some attention is paid to the problem
of the *early entrants” (i.e., rescue workers and
others who entered the cities soon after the
bombs), a group thought by many in Japan to
have been exposed to significant amounts of radi-
ation, and entitled to benefits as A-bomb sur-
vivors under the Atomic Bomb Survivors Medical
Treatment Law of 1957, as amended.

Earlier reports based on distance and T57 dosimetry
have shown that those who were within 1400 m
ATB suffered higher mortality from all causes,
all natural causes, tuberculosis (Hiroshima males),
leukemia, and other malignant neoplasms, in the
1950-60 period. They have also pointed to
1950-52 as a period of especially high mortality
from all causes, from malignant neoplasms other
than leukemia, and from leukemia. The excess
mortality from malignant neoplasms other than
leukemia seen in 1950-52 is maintained through
1954, declines through 1958, and is seen again
(P about 0.05) in 1958-60. Previous analysis has
also shown that the early mortality from cancer
other than leukemia is heavily concentrated among
Hiroshima females. [t was hoped thal analysis
by means of the T6S dosimetry might show
whether the early excess in cancer mortality could
be attributed to radiation, and also whether the
upturn in 1958-60 was the initial expression of
a general carcinogenic effect of the ionizing
radiation,

The first of these hopes has been frustrated by
the fact that too many of the early (1950-54)
deaths occurred before shielding histories could
be obtained, so that the T65 dosimetry is actually
inferior to distance as a measure of exposure
in analyses of the 1950-54 period. Thereafter
the T65S dosimetry should be superior. The second
hope, however, has been realized. The accumu-
lation of deaths through 1966, combined with
the T65 dosimetry, does permil more definite
conclusions as to the general carcinogenic effect
of radiation, apart from the leukemogenic effect.
For survivors exposed to 180+ rad the standardized
ratio of observed to expected deaths from ma-
lignant neoplasms other than leukemia fell to
0.88 in 1954-58, then rose to 1.18 in 1958-62,
and rose again to 1.45 in 1962-66. For 1962-66,
but not for 1958-62, the variation seen is a
significant departure from chance when tested
against the alternative of linear increase in risk
with increasing dose. For all forms of malignant
neoplasms (except leukemia) the death certificate
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provides highly reliable information on cause of
death; 92% were confirmed by principal autopsy
diagnosis in the 1961-65 autopsy experience at
ABCC, and the detection rate was 77%. The
excess mortality in 1962-66 rtests on no single
site, and for no single site or group of adjacent
sites is the relationship to T65 dose stronger
than for all combined. The magnitude of the
apparent effect is an increase of about 20% in
the base line expectation per 100 rad received.

The dose-response function for leukemia is only
partly clarified by the T65 deosimetry. If the
difference between cities, and thus between gamma
and neufron radiation, be ignored, then the re-
sponse curve is reasonably linear, averaging nearly
three cases per million per year per rad over
the 16-year interval. However, the Hiroshima
curve lies far above that for Nagasaki, and the
latter is notable for its low values in the region
below 100 rad. Clarification of the relationship
should be forthcoming from a new and deeper
analysis by Ishimaru et al of the entire leukemia
registry in the two cities,®® There is also faitly
definite evidence that ionizing radiation has in-
creased mortality from diseases of blood and
blood-forming organs, other than leukemia, through-
out the l6-year period.

For cancer of the digestive system, to which
more than half of all cancer deaths are coded,
the dose-specific analysis [ails to return evidence
of significant variation after the 1950-54 period.
For respiratory cancer the evidence is more sug-
gestive, especially since 1958, as Wanebo et al
have recently reported.” For other systems and
for individual organs the observed varialion is
generally well within the usual range of chance,
and yel is not inconsistent with the still tentative
conclusion that the 1945 exposure caused the
incidence of cancer generally to increase above
normal expectation, beginning about 15 years
after the bombs,

Review of specific diseases and disease groups
has uncovered no important discrepancies other
than those involving the malignant neoplasms
and diseases of blood and blood-forming organs.
For some rubrics there are small, but insignificant,
increases in mortality among those exposed to
the greatest amount of radiation, and for others
deficits in mortalily. Perhaps more striking is
the fact that the examination of mortality from
all natural causes except malignant neoplasms
provides no support for the hypothesis that
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ionizing radiation accelerates aging in man in
some general, nonspecific fashion,

Excess mortality among proximally exposed sur-
vivors during 1950-54 is little clarified by the
present analysis. The excess stems largely from
the experience of the older survivors ATB, and
chiefly from malignant neoplasms of all kinds,
including leukemia, from diseases of blood and
blood-forming organs, and from senility, symptoms,
and ill-defined conditions. Comparison with the
recently reported results of Tachikawa and Kato
for the 1946-50 period does not support the
view that the excess mortality in 1950-54 repre-
sents a final expression of the direct effects of
the A-bombs, for mortality during 1946-50 was
no higher, relatively, among the most proximally
exposed survivors during 1946-50 than it was
during 1950-54. Apart from leukemia, the
1950-54 excess consists principally of cancer
among older Hiroshima females, is none too large,
and, far from being sustained, has no parallel
in 1954-58. For these reasons, and also because
it is only in the 1962-66 period that an excess
mortality from cancer reappears, the 1950-54
excess is not interpreted here as a specific
radiation effect.

Reclassification of the early entrants on the basis
of date, depth, and duration of penetration in
the direction of the hypocenter has produced
a subsample too small to supporl comparisons
of real power. Yet it is not without interest
that the early entrants in this sample have had
fewer deaths, relatively, than late entrants. A
reliably higher risk of leukemia among early
entrants has not been demonstrated.

If deaths from leukemia and malignant neoplasms
are excluded, those not in the city ATB have
had about the same over-all mortality experience
as the A-bomb survivors since about 1958. Most
differences as to cause seem to reflect differences
in medical care; death is more often certified
to symptoms, senility, and ill-defined causes among
those not in the city ATB than among the
A-bomb survivors, and less often to diseases of
blood and blood-forming organs, cardiovascular
system, and digestive diseases. A noteworthy
exception is suicide, for which the rate is high
prior to 1958 among Hiroshima survivors. The
excess amounts to 12 deaths among about 60,000
survivors of the Hiroshima bomb.

Supplementary investigations on various aspects
of the process by which the mortality sample
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was selected have been, in the main, reassuring.
The fact that the honseki used in determining
eligibility referred to the date of field investi-
gation, and not to 1 October 1950, seems clearly
to have been incapable of introducing bias into
the selection; any significance it might have had
is essentially offset in the present analysis by
the inclusion of the reserve sample exposed within
2500 m. In effect. for survivors within 2500 m
ATB the honseki restriction has now been dropped.

Selection I subjects exposed at or beyond 1800 m
in Hiroshima and 2000 m in Nagasaki are seen
to have a more favorable mortality experience
than Selection II subjects, for reasons not adduced
by this analysis, but this disparity is meaningful
only for the Adult Health Study., which rests
on Selection I alone. Investigation of a sample
whose acute radiation symptoms are reported on
the 1945 Joint Commission schedules is reassuring
in providing no evidence that death prior to
field investigation for eligibility diminished the
likelihood that a proximally exposed survivor with
a history of acute radiation symptoms would
be misclassified in Selection I

An effort to utilize the results of the patient-
contacting process for the Adult Health Study
to test the completeness of mortality ascertainment
via the family registration system was only partially
successful. All deaths ascertained among Selection
I subjects in the interval July 1962-June 1964
were known at the koseki-ka if death had occurred
90 days or more before the check was made.
However, at that time 202 of the 20,000 Selection
1 subjects were being carried as “address unknown,”
and positive proof of their survival was lacking.

Although migration from Hiroshima, and especially
from Nagasaki, has occurred on a large scale,
the indication is that if has not yet interfered
with the ascertainment of mortality. Because
the migrants are generally drawn from the youngest
members of the sample, their mortality is low;
only 10% of the known deaths in the sample
take place outside the cities of Hiroshima and
Nagasaki. Since patient-contacting for the Adult
Health Study extends not only to home visits
to all still resident in the community, but also
to mail inquiry of migrants, it is possible to
examine the mortality of migrants living elsewhere
in Japan. Age-adjusted comparisons showed that
48 deaths were expected during 1962-66 among
2197 migrants alive 1 October 1962 in comparison
with 39 observed. Although the deficit is not
a significant one in the statistical sense, and
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migrants may well be favored with respect to
mortality, it also is in the direction to be ex-
pected if the ascertainment of mortality were
less effective for migrants, and will bear continued
study.

The general magnitude of the mortality observed
in the present sample has been very roughly
checked by comparing it with expectation based
on all-Japan death rates for the period studied,
These comparisons were made for all causes, for
accidents, poisonings and violence, for all natural
causes, and for seven other arbitrarily chosen
ICD rubrics. In these terms, the observed mor-
tality seems reasonable enough, especially since
it is known that the two cities differ in particular
ways from the nalional average.

TABLE 1
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PERCENTAGE OF MIGRANTS* FROM CITY & SURROUNDING

AREA AMONG THOSE ALIVE 1 OCTOBER 1962, BY CITY,
SEX, & AGE ATB — SELECTION 1 IN CITY ATB

el BB CTEAC O AR L OB B 519629 100 1 BREOETFEDO
i E & A 6 DIEBO T HEY: Bl - - B EMR

Age ATB Total Hiroshima & Nagasaki fzus

I 7 A it Male % Female Male % Female #
0-9 243 239 16.4 36.1 249
10-19 18.0 144 142 254 216
20-29 7.8 6.4 7.7 i 9.1
30-39 4.4 4.3 3.5 6.6 5.6
40-49 5.1 3.4 5.5 5.7 7.0
50-59 54 38 6.4 8.5 3.9
a6 &l Too few to test (BT 4ot bigETahE
70+ 0
Total &t 11.3 9.3 8.5 18.3 15.4

01863, 1I-C-2-a

*As determined in 1962-64; the surrounding aread is that served by the ABCC clinics.
1962—G47E |2ikE B~ ®y RIBHLELL ABCC o Sk .



TABLE 2 RELATION BETWEEN MIGRATION STATUS IN 1962-64
& MORTALITY IN 1962-66 SELECTION I SUBJECTS ONLY

#2 @1 RMHEC Bt 5 1962—64 FE OIEIE O IR £
1962— 664 D FEL- 3 & O P %

H i ECH
Bl 06 ol R
19626106 1 AMGEDEGESR O WREk  E*mih
City & adjacent area it # & (FRE G 15819 703 693.7
Prefecture Wi 353 7 11.4
Japan [ # 1844 32 36.9
Total &at 18016** 742 742.0

Tab 01863, 11-C-2-b

*Age-adjusted. T3l iIE
**202 cases of unknown address are excluded.  [EMT {-W 0 202 W13 B vk L 22,

TABLE 3 REGROUPING OF CAUSE OF DEATH CLASSIFICATION (ICD)
& CONTROL COUNTS FOR DEATHS IN THE
TOTAL SAMPLE & EXPOSED, 1950-66
#3 RAE(EESEHZE) OBTHE, 25 UVCHERERB LT
HRE s S EE &, 1950—664

Recode ICD Description Total  Exposed
V&L T 5% Ik i 1 1 1
01 001-019 Tuberculosis & 1203 983
02 020-138 Other infectious & parasitic = v WO EEH & ECFERE 205 167
10 140-148 Cancer, buccal, pharynx 1% & Clsio® 27 21
11 151 Stomach cancer W 1210 959
12 153-154 Large bowel cancer k14 178 129
13 155-156 Liver cancer /i 319 249
14 157 Pancreas cancer [l 78 61
15 150,152, Other gastrointestinal cancer £ o) (o iff (L 0@ 161 130
158-159
16 162-163 Lung cancer B 189 145
17 160-161, Other respiratory cancer < OOFHREF O 63 58
164-165
18 170 Breast cancer L& 78 67
19 171-174 Uterus & cervix cancer J&f& U FEAOE 245 194
20 175-179 Other genital cancer 7 o (o k& o) il 58 49
21 180-181 Urinary cancer [ & o 6 66 51
22 190-199 Other & unspecified cancer = o fhi £ FELTMOE 152 126
23 200-203,205 Lymphatic & hematopoietic cancer 49 37
Nyl L UrER#EROSE
24 204 Leukemia fim# - 324 116
25 210-239 Neoplasms, other 2o (b if iy 142 120
30 240-245 Allergic 7 L b % — B8 272 212
31 260 Diabetes mellitus i i i3 145 118
32 250-254, Other allergic, endocrine, etc. 62 50
270-289 FNWBOTLEY—EES, HrHEORLR
—_—
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Table 3 Cont. %3 %

Recode ICD Description Total Exposed
¥ IE 1 1 B A A
33 290-293 Anemias Wi 559 51
34 294-299 Other blood fofomuanss 38 33
35 300-326 Mental #i## 139 113
40 330 Subarachnoid hemorrhage ~ =Tl 83 63
41 331 Cerebral hemorrhage R 2553 1989
42 332 Cerebral embolism @ 2% 438 343
43 333-334 Cerebral spasm, etc. RimIRM@EeE, % 377 295
44 352 Other cerebral paralysis o) {ib o0 a1 5 4 47 36
45 340-351, Other diseases of nervous system & sense organs 140 114
353-398 TONMOREFHLIUVEESOES
50 400416 Rheumatic fever, & heart 118 98
Ya—-vFRELF ) 2—-7FHRHRLEES
51 420 Arteriosclerotic heart 9 #% s b 4GB 0 477 379
52 421-422 Endocarditis & myocardial degeneration 571 458
A PRI 2 e ke T T
53 430434 Other heart < @ flh ) 4 B o0 5 8 289 234
54 440443 Hypertensive heart 5 P i LB 8 176 149
55 444-447 Hypertension /Tt 238 191
56 450-468 Other circulatory SOROBEGROBL 100 78
60 480-502 Flu, pneumonia, bronchitis 1 » 7 vz >+, Hi%H, A% EH 676 538
61 470-475, Other respiratory < @ (@@ IFlkE RO EL 159 123
510-527
62 540-541 Peptic uleer il fl:1% it st 310 254
63 560-561,570 Intestinal obstruction %4 % 88 67
64 543,571-572 Gastritis, duodenitis, enteritis W%, + "M%, sroms 301 246
65 581 Cirrhosis fF#E% 295 236
66 530-539,542 Other digestive oot SEfnES 399 316
544-553,
562-569,
573-580,
582-587
70 590-594 Nephritis, nephrosis % x# 4 0d 70— & 379 299
71 600-637 Other genitourinary ZHWOERESOEL 78 61
72 640-689 Pregnancy etc. &, 52 45
73 690-749 Skin, bone ER/LHEUFHFORESL 80 67
74 750-759 Congenital %% & ¥ 17 12
80 780-789 Symptoms ik 328 246
81 794 Senility %% 1295 972
82 790-793,795 I11-defined causes &8 % 7 06 o) A% 47 37
90 E810-835 Motor vehicle accidents FI# it iz 203 162
91 E800-802, Other accidents = oo TEO WL 478 363
840962
92 963,970-979 Suicide R 375 299
93 964,980-985 Homicide fiit 31 25
94 965,990-999 War Wi B 4
98 Unknown A4 76 55
All Causes =7 16536 13093

Tab 01863, VI-H-T-1:3
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TABLE

4

4

DEATHS /1000 / YEAR IN 1955 & 1960, ALL JAPAN,
HIROSHIMA CITY, & NAGASAKI CITY, BY AGE & SEX

HAEME, E&HE & ORI 517 519555 £ 19600
ATI000 A 7= 1) o FEMZEC Be: FlE - PRS0

1955

1960

Age in Census Year  Sex —
[ 8% f] 95 0% P i 4 50 All Japan Hiroshima  Nagasaki  All Japan  Hiroshima  Nagasaki
=H L 1 &[5 g L i
15-19 M % 1.47 1.64 1.69 1.32 1.18 1.28
F % 1.07 1.10 1.44 0.80 0.92 1.05
20-24 M %5 2.70 3.48 2.90 2.16 1.85 1.39
F & 1.91 2.08 1.77 1.36 0.90 0.69
25-29 M= 2.84 359 361 2.28 2.79 1.72
F % 225 1.64 2.34 1.55 1.66 1.38
30-34 M B 293 3.47 3.22 2.35 261 2.03
F % 2.55 249 2.36 1.81 1.74 1.48
35-39 M % 346 2.74 3.60 2.95 2.79 3.58
F % 3.02 2.95 3.92 2325 2.19 2.99
40-44 M B 4.67 5.32 7.01 4.06 3.83 3.67
F % 3.78 3.2 5.40 2.96 2.98 321
4549 M % 7.14 7.99 8.79 6.31 6.94 8.64
F %« 5.25 5.62 6.73 4.49 3.94 3.63
50-54 M % 11.02 12.08 17.87 10.16 11.32 11.77
F %« 7.69 8.19 9.04 6.67 5.28 7.36
55-59 M5 16.88 19.57 20.39 16.77 17.78 18.20
F % 11.18 9.72 11.46 9.91 10.16 11.17
60-64 M % 27.24 31.22 53.97* 26.41 26.42 28.70
F %« 17.51 15.06 43.47* 15.82 1292 15.32
65-69 M % 43.42 40.56 42.78 42.10 40.46
F % 28.67 25.60 26.71 23.28 29.76
70-74 M = 69.86 66.94 68.60 59.62 67.89
F % 48.43 47.22 46.52 35.02 50.47
75-79 M % 104.95 118.57 111.82 111.20 106.77
¥ 77.65 65.71 82.21 76.04 97.78
80+ M 3 172.67 156.82 196.69 182.08 173.74
F % 143.82 145.36 154.65 142,00 165.10

*Ages 60 & over combined.

EMSL EOE L H.
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TABLE 5 OBSERVED DEATHS BY CAUSE, PROPER PART OF

MORTALITY SAMPLE, 1950-66, & DEATHS EXPECTED

ON BASIS OF RATES FOR ALL JAPAN
#5 BEEENRBIATICE T 51950664 0 FEE B #1%
FECHE BFeEORECE LT CFRCK

Deaths 7t #

Cause of Death O/E
FEH O MM E** Ml e

All known causes™ [ &5 [H 11810 12006 0.98
Trauma 23 7 760 726 1.05
All natural causes  %#i%E 11050 11280 0.98
Tuberculosis  #5 % 868 711 1.22
Malignant neoplasms (ex-leukemia) 2051 1763 1.16
AL R [ A B )
Leukemia & 96 25 3.84
Cerebrovascular disease il 4% 1 & 2458 2918 0.84
Arteriosclerotic & degenerative heart diseases 342 326 1.05
0 T (LM &0 0 OF 2 O AN A AR
Gastric ulcer M iltds 222 233 0.95
Nephritis and nephrosis ## & X 0f 4 70— 274 291 0.94

*Excludes deaths of unknown cause. HEFE T MO FES & & ik,

** Adfusted for dge, sex, & calendar time. GER, 1E0 & L FRFIE Iz

Tab 01863, [I-A-5

T

TABLE 6 OBSERVED / EXPECTED DEATHS BY CAUSE, CITY, & SEX,
PROPER PART OF MORTALITY SAMPLE, 1950-66

#6 HaWBEMEBERANCBTAMEOMEY L MFEME: O

FEF - #bT - 1B, 1950— 665
Catits 6F deith o Hiroshima 1 ~ Nagasaki 745
T Male % Female % Male % Female #«
Trauma A 1.17 0.96 0.88 0.96%
All natural causes & ## 0.99 0.89 1.17 i3
Tuberculosis  #t% 1.13 0.96 1.96* 1.55%
Malignant neoplasms (ex-leukemia) 1.25 1.14 1.04 1.02
L (P s b <)
Leukemia  FIM7% 4.27% 3.74% 5.03* 1.99%
Cerebrovascular disease i i 75 # &0, 0.82 0.78 1.07 0.97
Arteriosclerotic & degenerative heart diseases 1.09 1.04 0.89°* 1.13%
Ol R L P O R
Gastric uleer 7l 0.90 0.86% 1.11%* 62%
Nephritis & nephrosis H#&&Ev 70—+ 0.85 0.97 0.87* 1.21*

*Less than 100 deaths expected. WIFFEL 2 100 AILLT.
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TABLE 8

TABLE 7

OBSERVED /EXPECTED DEATHS BY AGE ATB, SEX, & CITY,

PROPER PART OF MORTALITY SAMPLE, 1950-66,
SELECTED 5-YEAR AGE GROUPS ONLY

#7 HEWEESLBEABFCHTSEEO S FERERBOTEC OB L

WiiF gl o b EHRREERS - &7 - 5, 1950— 667

Age ATB Hiroshima % Nagasaki a5

A R A Male % Female Male «  Female %
59 1.06 0.78 1.26 1.68
15-19 113 1.03 1.33 0.91
2529 1.28 0.88 1.34 1.24
35-39 1.05 0.89 1.27 1.17
4549 1.00 0.84 1.16 1.08
55-59 1.01 0.88 .19 1.16
65-69 0.88 0.85 1.02 1.13
5% 0.96 1.06 0.74 1.21

Tab 01863, 1I-A-5-2,5

8 Hi N RBE a  A PEC Mo BUIER B - g B RREE I o M

DEATHS CLASSIFIED BY UNDERLYING CAUSE & PRINCIPAL AUTOPSY
DIAGNOSIS WITH CONFIRMATION & DETECTION RATES,
1950-65, INIH-ABCC LIFE-SPAN STUDY SAMPLE

GAVIZEOEESE - EHE, 1950—65F
i Desceiption Deaths - Rates %
s Death Cert. Autopsy Agree Confirmation Detection
W BN N o ke “E L 3 L3
001-019  Tuberculosis 4l 152 177 100 65.8 56.5
020-138  Other infectious & parasitic 37 33 9 24.3 27.3
F O EG E W
151 Stomach cancer K 219 253 181 82.6 71.5
155 Biliary & liver cancer W& & & UIFMoO & 2 56 8 40.0 14.3
157 Pancreas cancer Fi#ad 21 36 11 524 30.6
162-163  Bronchus, tracheal & lung cancer 58 98 4 75.9 4.9
NWFX, ABBEUMO®
171 Cervix cancer W 8 40 7 87.5 17.5
200-202  Malignant lymphoma W% o 4 15 28 14 933 50.0
204 Leukemia  { L #i 48 37 35 729 94.6
140-205  Other malignant neoplasms 267 220 129 48.3 58.6
TOBmOEENETN
210-239  Other neoplasms £ o o #i %1 40 20 3 1.5 15.0
260 Diabetes mellitus 7 32 26 18 56.2 69.2
290-299  Blood & bloodforming organs 25 15 8 320 533
L L O AL T 00 AR
330-331  Cerebral hemorrhage 4l i 316 76 54 17.1 Thed
332-334  Other cerebral o e 5 105 BB 191 80 31 16.2 38.8
410416  Rheumatic heart ' = —~ FIECRES 15 49 8 53.3 16.3
s

87



Table 8 Cont. %83 =

Dekcitition Deaths #C- Rates &%
ICD L,_ = Death Cert. Autopsy Agree Confirmation Detection
e ECEES 0 s i 12 #®R
420422  Arteriosclerotic & degenerative heart 150 69 29 19.3 42.0
sRELty fUTHEkLERS
430434  Other heart (not hypertensive) 29 23 1 34 4.3
foRnCRESIBAEIEOLOER ()
440-447  Hypertensive heart & other hypertensive 81 269 35 43.2 13.0
LI L R A e b Y Ol 6 L P A
450456  Arteries @R E L 16 278 4 25.0 1.4
490-502  Pneumonia & bronchitis i &k F R LR 86 94 23 26.7 24.5
540-541  Ulcer, stomach & duodenum 32 35 16 50.0 45.7
A+ IERORE
581 Cirrhosis T % 62 82 38 61.3 46.3
590-594  Nephritis & nephrosis F# &L 0§ 70—+ 34 17 7 20.6 41.2
600-609  Other urinary OV EROED 9 30 3 33.3 10.0
800999  Accidents, etc. Tl oz, W 92 94 76 82.6 80.9
Other ol 471 291 137
Total & at 2526 2526 1029
TR 8-67

TABLE 9  DISTRIBUTION OF AUTOPSY DIAGNOSES FOR DEATHS IN PROPER
PART OF SAMPLE 1961-66—SUBJECTS WITH T65 DOSE ESTIMATES

£9 BGHTHEBEEWbOTEREREFERAI RSN TV ED
196l —6GE I HF TS HECHEOSIEEWO 7 &

Recode Autopsy diagnoses Frequency
¥ E 77 55 i i 2 UF il
01 Tuberculosis® #1% 297
02 Other infectious & parasitic disease 95
T Ol (E Qe § kOO S
10 Cancer, buccal, pharynx 118 % & oMl o6 7
11 Stomach cancer* W# 176
12 Large bowel cancer* i 36
13 Liver cancer® Ijt& 72
14 Pancreas cancer® ¢a® 26
15 Other gastrointestinal cancer & & (Lo ili (L& 39
16 Lung cancer® i 79
17 Respiratory cancer, other <@ flbofuliE 50 14
18 Breast cancer® 5L 15
19 Uterus & cervix cancer®* T bU FSH0H® 35
20 Other genital cancer =ommoEEO® 36
21 Urinary cancer® Hifid o 26
22 Other & unspecified cancer & il & & €801 70 o4 406
23 Lymphatic & hematopoietic cancer® ) > +illitl & & il mifl 4 o4 19
24 Leukemia®™ £ 06 11
25 Other neoplasms® = o (7 ¥ °E40 508
—_—
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Table 9 Cont, # 9 #z

Recode Autopsy diagnoses Frequency
16 T 5 A1 i 25 i nr
30 Allergic diseases 7L L ¥ —ikHE L 12
31 Diabetes mellitus % i %1 39
32 Other allergic, endocrine, etc. diseases 398
FTnEOTLAF—ERA, RFEROMRD, F
33 Anemias* Al 33
34 Other blood diseases® = ¢ flo o) I iff 5 48 202
35 Mental diseases b4 14
40 Subarachnoid hemorrhage®  » =i [l 73
41 Cerebral hemorrhage® Litm 154
42 Cerebral embolism®* g 479
43 Cerebral spasm, etc. haMF&®, % 313
44 Other cerebral paralysis < o Lo Kaf% i 1
45 Other diseases of the nervous system & sense organs 153
TOMOMERE L UREROES
50 Rheumatic fever, & heart disease® 76
Na—=s+REEUE) 2 -7 FHELRHEDR
51 Arteriosclerotic heart disease 5 #E (L 1% LB & 493
52 Endocarditis & myocardial degeneration® 238
LRy EFOHTH]
53 Other heart disease oo LREL 439
54 Hypertensive heart disease & HUTEFEL birs 232
55 Hypertension @0/ 519
56 Other circulatory diseases = 7o Vi 55 5 2 oo 2 945
60 Flu, pneumonia, bronchitis = 7% = . #, Wikt L FaiFed  T18
61 Other respiratory diseases = o jled0Fi & oL 874
62 Peptic ulcer® i iLiEiiE 143
63 Intestinal obstruction 1417 % 28
64 Gastritis, duodenitis, enteritis @ %, |- “fHM L e L UME 126
65 Cirrhosis*  IFi# % 211
66 Other digestive diseases < @il i (L& F o150 612
70 Nephritis, nephrosis® bkt 2o -+ B7
71 Other genitourinary diseases = o (o VE R 3 00 15 00 673
72 Pregnancy etc. 4t#, 7 3
73 Skin, bone diseases 1iMisrifPome 252
74 Congenital diseases 7 i #: 189
80 Symptoms ik 272
81 Senility & 7
82 111-defined causes A% & 7l o (4 0 93
90 Motor vehicle accidents 1 o 4 16
91 Other accidents < o i £5F o 5y 73
92 Suicide @ 3
93 Homicide (b2 3
94 War &% 34
98 Unknown {1 33
Total &M 11160

Tab 01863, VI-H-T-1:3-A
*Diagnoses for which supplementary analysis were made, see text.
BHMHIEOTShRLEMNE, XT8N,
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TABLE 10 COMPARISON OF T57 (YORK) & T65 (AUXIER)
AIR DOSE CURVES BY CITY

F10 @iz 4 13 2 T57( York ) & T65( Auxier ) 4 G fdhai o b

Ground  Slant Gamma & > v Neutrons i+ Total &t

distance  dist.* T57D T57D T57D
mrmm mamm /0 T65D qggy TS7D T6SD sy TS7D T6SD gsp

Hiroshima 8

Om 577m 12000 10300 1.16 18000 14200 1.27 40000 24500 122
500 764 4030 2790 1.44 4390 3160 1.39 8420 5950 1.42
1000 1155 572 256 2.24 321 192 1.68 893 448 2.00

1500 1607 80.0 216 37 20.9 10.1 2.08 100 317 519
2000 2082 12.1 19 639 1.4 0.5 259 13.5 24 547
Nagasaki (i

0 507 27000 25100 1.08 5500 3910 1.41 32500 29000 132
500 712 7230 7090 1.02 1030 703 1.46 8260 7790 1.06

1000 1121 865 889 0.97 61.0 359 1L.70 926 925 1.00
1500 1583 113 119 0.95 3.6 1.7 207 117 121 0.96
2000 2063 16.5 I8 053 0.2 0.1 256 16.7 17.9 093

TR 1-68

*Used for T65D at sea level. BEOm I S TSHRROMIMZH Y 2.
T57D/T65D caleulated using numbers with more significant places than those shown.

THID “THDW, 2wl it L P{ iU EEMOTHRBL 2.
TABLE 11 EXTENDED MORTALITY SAMPLE BY TABLE 12 DEATHS OVER TIME, & AVAILABILITY
TOTAL T65 DOSE & CITY OF T65 DOSE ESTIMATES
F1 AW AEL AR BT TEGAE UL - #005R #12 BIEMOFECH S & O TEHEHEEE O 1 e
Total Dose  Hiroshima  Nagasaki Total Voae Deaths Dose Unknown 78
saER =8 ik it 1 - i Number M %

09 rad 4313§ 11350 55082 —n . - %
1039 i 345 12761 1954-58 3357 139 4.1
40-179 5076 2484 7560 - o 114 S

180+ 1603 1468 3071 1962-66 3417 108 32
Unknown 4 1901 1890 3791

Total %8 13093 583 45
Total &8 61934 20337 82271

Tab 01863, VI-SD-T
Tab 01863, VI-55-T-1



TABLE 13

BY TOTAL DOSE SURVIVORS ONLY, 1950-66
#13 FRERHE BT EMACLIRECOBEEY
& MATF 8 #EHRRRI, 1950—664F

OBSERVED & EXPECTED DEATHS FROM ALL CAUSES

Total Dose Deaths #EC & Total

sam 0 E O/E Sample
o i £ e HRE SN

0-9 rad 8776 8847 0.99 55082
10-39 2043 2085 0.98 12767
40-179 1244 1205 1.03 7560
180+ 447 412 1.08 3071
Unknown 583 543 1.07 3791
Total & 13093 13093 82271
Tab 01863, VI-H-T-1:3-0198

TABLE 14 OBSERVED & EXPECTED DEATHS FROM ALL CAUSES

BY DISTANCE ATB, SURVIVORS ONLY, 1950-66
14 GEMESRE 0 S BIEEII LS T ORE Y
bR R PEMLERMER), 1950—667F

Deaths %L &

Distance 1% Median Total
Hiroshima Nagasaki dose 0 E 0O/E sample
B 15 45 [T ST Wi £ i HeREEER

<1200 <1500 199 rad 1056 1008.3 1.05 7340
1200-1399 1500-1799 60 1170 1094.3 1.07 6802
1400-1699 1800-2099 18 1852 1916.9 0.97 11724
1700 + 2100 + 0 9015 9073.4 0.99 56405
Total ## = 13093 13092.9 1.00 82271

Tab 01863, VI-H-D-1:3-0198

Test 2 d.f.

RiE ¢ X B £
1. Linear trend #TEEHE 2.74 - - >0.10
2.  Quadratic residual %% F 7 # -1.66 - - 0.05
3. Cubic residoal #2¥% -2.78 - - 0.003
4. Quadratic k@i - 10.28 2 0.006
5. General non-homogeneity - 18.00 3 <o0.001

EfEMEEWE
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TABLE 15 OBSERVED & EXPECTED DEATHS FROM ALL CAUSES,
SURVIVORS & THOSE NOT IN CITY ATB,
1954-66—HIROSHIMA FEMALES ONLY

F#15 P EBERBECHNC LB P AEAO L0 4R
Dk BFECOME L L HAiFH, 1954—665F

Deaths &
Presence in city i Total
A 2 T AR 0 E OfE seiple
(R 213 AT £ e AR

In city ATB KifRmSiimzviH 3776 3702.7 1.02 35388
Not in city ATB G cvwara &

Early entry:  a* 11 10.7 1.03 71

T AT b 15 25.2 0.60 203

163 195.1 0.84 1733

Late entry fu i) A ili & 975 1006.3 0.97 9770

Total &t 4940 4940 1.00 47165

Tab 01863, VI-H-E-1:3-0198

Test d.f.
ok : X o E P
1. In vs not in city ATB 1.83 - - >0.10
TRt 0 O (AR - N A
2.  Early vs late entry —3.46 - =8 < 0.001
EMMAH S bRmAdE
3. a vs b+ec 0.72 - - >0.10
4. b wvs ¢ —1.47 - - 0.07
5. avwvwbuvwe = 2.68 2 >0.10

*a - Apbroached within 1000 m of Hiroshima bypocenter on 6 or 7 August, or
within 1200 m of Nagasaki hypocenter on 9 or 10 August.
L@TiE, AGEEARTAEBLID L I00m Iz AL A%, BMTIZ, 8H
SHEAIZ108 2GS 5 1200m IMIZ AL 24,

b - Approached within 1000-1400 m in Hiroshima, or [1200-1700 m in Nagasaki; or
first approached closer to the bhypocenter on days 8 or 9 in Hiroshima or 11
or 12 in Nagasahi.

LT, 1000—1400m A AdiL2®, BMTE, 1200 170w Oz AdiL
L8 HAA 0, ESHTR, BABAEAIEIHE, BT, BANAEAIEIZHIZ
EoTHH THLHOL - LR ETATRL LS,

c - Entered the city within 30 days oj the bomb, bui e:tber al a laier time, or
with less depth of penetration, than those in groups 'a’ or 'b".

B LA ATRLAY, EEOa A bHEN B AGE PR, AT A AR
il
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TABLE 16 OBSERVED & EXPECTED DEATHS BY YEAR
OF DEATH & TOTAL T65 DOSE, 1950-66—-ALL CAUSES

#16 ECOMBEYE & UMY
FECCHEREE - TA&EHMA], 1950—6658 — £ EH

Year  Deaths O/E* O/E by dose #R%100 E B
A ECR X " 59rad 10-39 40-179 180+ Unk ™ K L Q H
195066 13093 O 8776 2043 1244 447 583

E 8847 2085 1205 412 543

O/E 0.99 0.98 1.03 1.08 107 + + + +
1950-54 3045 OJE 0.98 0.89 1.01 L11 169 + +  +
1954-58 3357 OJE 1.01 0.99 0.91 1.02 LIl o+
1958-62 3274 OJE 1.01 0.95 1.01 111 0.95
1962-66 3417 O/ 0.98 1.02 1.16 1.16 081 + + + +

Tab 01863, VI-H-T-1:6-0198

*0-Observed, E-Expected, & O/F their ratio. Expected deaths are standardized for age always, & bere
for sex & city also.
O=Mma, E=WiFk, OERZok. MBREKCEBI2>UTHELTAY, 2201, BMELUDH
Z2WTHLHIEL -,
**See Appendix 3. K- Nonbomogeneity of known vs iunknoun dose (two tailed).
ftid 3 &1, SR R BF o RO TWIRF OO SRR IR AR (PO )
L - Linedr increase with dose (one-tailed).
AR E &b RIS B N (N ) .
Q « Quadratic increase with dose.
FLRE & & bz Ry e .
H - Nonhomogeneity of four knoum dose groups, regdrdless of pattern.
BhhAENETHIM Db, MonRRIRDHY HERHE .

TABLE 17 OBSERVED & EXPECTED DEATHS BY SEX, CITY,
& TOTAL T65 DOSE, 1950-66—ALL CAUSES

#£17 ECOBREHHF L UMAFS: & - 8 -
TeERES, 1950—668 — £FEH

Sex City Deaths O/E* by dose #R¥7O0."Ek wit?sﬁgn@.o?
i e EEH 09rad 1039 40179 180+ Unk¥M K L Q H
Msle %  Hiroshima =m 5336 100 096 102 112 100  +
Nagasaki EW 1539 102 093 097 103 102
Total # 6875 100 095 101 108 101 +
Femsle ¥ H &M 4833 098 099  L12  LI3 130 + + + +
N B 1385 099 104 092 104 107
T 6218 098 100 106 109 119 + +
Total &% H & 10169 099 098 107 LI12 LI0 + + + +
N Ei 2924 1.00 0.99 0.94 1.03 1.04

Tab 01863, VI-H-T-1:3-0198
e, *= See Appendix 3 & Table 16. (i3 LUF 168,
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TABLE 18
& DISTANCE ATB, HIROSHIMA & NAGASAKI 1950-66—ALL CAUSES

OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH

£18 FECOME S S LUMBER: FOES - HRERN,
8 - W, 1950—66% — £FEH

. - Test** *+
Year Deaths  O/E* O/E by Distance S®300 /Elt with P<0.05
i FELC {4
I I it v L Q H
1950-66 13093 (0] 9015 1852 1170 1056
E 9073 1917 1094 1008
O/E 0.99 0.97 1.07 1.05 = + +
1950-54 3045 O/E 0.98 0.94 1.07 1.24 + + *
1954-58 3357 O/E 1.01 1.01 0.90 1.02
1958-62 3274 O/E 1.01 0.88 1.11 1.03 +
1962-66 3417 OJE 0.98 0.99 1.17 1.02 + +
Tab 01863, VI-H-D-1:6-0198
Distance group Median dose Hiroshima Nagasaki
M itk e o il I 8 b:3
I 0 rad 1700+m 2100+m
11 18 1400-1699 1800-2099
1 60 1200-1399 1500-1799
v 199 <1200 <1500

*, " See Appendix 3.

TABLE 19

k3 & 200,

OBSERVED & EXPECTED DEATHS BY SEX, CITY,

H-N

L « Linear increase with dose (one-tailed).

AL L &b CHTESAY L (e )
Q - Quadratic incredse with dose.
W E 6 kb a0,

|8

ity of four k

regardless of pattem.
LwhzsSHMETEAN LA rbST, Mo
FEE#NHE AT 2E B 001K

& DISTANCE ATB, 1950-54-ALL CAUSES
#£19 HCOBENRSL L FMFL: £ - §h - EIREER, 1950—54F — £7H

dose groups,

% ; Test tiE *=
Sex City Deaths O/E* by Distance SEMO O /EIL oo 'Bern 05
{5 o i FEL- I = = == T Q i
Male H &s 1247 1.00 0.85 1.10 1.26 + * +
N Ew& 372 0.98 1.11 0.98 0.99
E » 1619 0.99 0.91 1.06 1.14 +
Female # Hza 1057 0.96 0.97 1.24 1.35 + * +
N Ea§ 369 0.93 1.02 0.81 1.44 + + +
T # 1426 0.96 0.98 1.09 1.39 + + +
Total &7t H &g 2304 0.98 091 1.17 1.29 + + +
N & 741 0.96 1.06 0.90 1.19 + + +

*, ** See Table 18. #1885,
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TABLE 20

OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH

& TOTAL T65 DOSE, 1950-66—-ACCIDENTS, POISONING, & VIOLENCE
#20 MEOBERS L OMES: FEER
Tes#EGRA, 1950—66F—TEO WM, PHESLUVED

st(;ﬂ;l“i %
Year Deaths Q/E* O/E by Dose #5000 E K witl;reP<0:?)5
143 L H :
* 0-9 rad 10-39 40-179 180+ Unk%W K L Q H

1950-66 853 0 599 113 72 21 48

E 579 127 76.4 31.2 38.7

O/E 1.03 0.89 0.94 0.67 1.24 +
1950-54 207 OJE 0.97 091 1.01 0.52 2.05 +
1954-58 246 OJE 1.06 0.832 0.87 0.78 1.09
1958-62 195 OJE 1.08 0.92 0.63 0.85 0.99
1962-66 205 OJE 1.02 0.89 1.25 0.55 0.90

*s See Table 16. #1680,

Tab 01863, VI-H-T-1:6-9094

TABLE 21 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66—SUICIDE
#£21 WEOMEmES EUMBEN: BCES
TES&EMMT, 1950—66F — H#
t f i ew
Year Deaths O/E* O/E by Dose #fHin0 E i withT elg<0.05
T . R 10-39 40-179 180+ Unk®M K L Q H
1950-66 299 0 227 25 25 1 21
E 201 445 27.2 11.6 15.0
O/E 1.13 056 0.92 0.09 1.40 + +
1950-54 83 O/E 1.03 0.48 1.35 0 232+
195458 101  OfE 1.16 0.67 0.96 0 0.74
1958-62 s8 O/E 1.13 0.79 0.38 0 1.84
1962-66 $71  O[E 1.23 0.24 0.77 0.44 1.08
*. ** See Table 16. #1GBM, Tab 01863, VI-H-T-1:6-92
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TABLE 22  OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, '1950-66—-ALL NATURAL CAUSES EX-LEUKEMIA

#£22 HMCOBENE L UCMGFEE: HCEE
TE5#EM kRN, 1950—66%F — HILHAE & & { 2RI

EEE
% mik E DFE 5 Do BRNG 0/ ER with $<0,05
0-9 rad 10-39 40-179 180+ Unk # K L Q H
1950-66 12069 O 8104 1912 1146 387 520
E 8155 1932 1113 374 496
O/E 0.99 0,99 1.03 1.04 105+
1950-54 2770 OfE 0.98 0.90 1.00 1.02 163+
1954-58 3067 O/E 1.01 1.01 0.91 0.93 110+
1958-62 3044 OfE 1.01 095 1.02 1.08 0.94
1962-66 3188 OJE 0.98 1.03 1.15 1.16 080 + + + +
*, ** See Table 16. HI6BH. Tab 01863, VI-H-T-1:6-0182
TABLE 23 OBSERVED & EXPECTED DEATHS BY SEX, CITY, &
DISTANCE ATB, 1950-54—ALL NATURAL CAUSES EX-LEUKEMIA
#£23 FCOBRENS EUHES: & - B
PEPRSEME R, 1950—54H — BV A BR < &mAE
Sex City Deaths O/E* by Distance BESOO0 El mu'fe;t?o?o's‘
1% 7 i FEL
1 il il v 1L Q H
Male % H 1106 1.00 0.88 1.10 1.14
N 328 0.97 1.12 1.08 0.95
g 1434 1.00 0.93 1.10 1.05
Female # H 991 0.97 0.97 1.21 18 +
N 345 095 1.01 0.87 133+ +
T 1336 0.97 0.98 1.09 126 + + -+
Total & il H 2097 0.99 0.93 1.15 115+ o+ o+
N 673 0.96 1.06 0.98 112+
*, **Spe Table 18. #18%IF. Tab 01863, VI-H-D-4:6-0182 (50-54)

96



TABLE 24  OBSERVED & EXPECTED DEATHS BY SEX, CITY &
TOTAL T65 DOSE, 1962-66—ALL NATURAL CAUSES EX-LEUKEMIA

#2 FECOBMENE L CMF L E - BH
TesS#EMER, 1962—66F — F MK & Bg { =HIE

IS Test HiE*s
Sex City Deaths O/E* by Dose ®ht¥in0 "E with P<0.05
HE whiti FEL i
09rad 10-39 40-179 180+ Unk#m K L Q H
Male % H 1270 1.00 0.99 1.10 1.18 070  +
N 368 1.03 0.73 1.06 1.19 1.02
T 1638 1.00 0.94 1.09 1.18 0gs =+
Female %« H 1233 0.95 1.08 1.27 1.27 062 + + + +
N 317 0.94 1.22 1.08 0.88 0.76
B i 1550 095 1.10 1.22 1.12 0.70 + + + +
Total it H 2503 0.97 1.04 1.18 1.22 0.68 + + + +
N 685 099 0.99 1.07 1.08 0.93
*, **See Table 16. F#16%1M. Tab 01863, VI-H-T-4:6-0182
TABLE 25 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH

& TOTAL Té65 DOSE, 1950-66-TUBERCULOSIS

#25 FECOMBEHL LCMFH: CHEE - TESEMRRR, 1950—66F — &

S—— Test i **
Year Deaths OfE* O/E by Dose #ft§im0 “E I with P <0.05
- e 0-9 rad 10-39 40-179 180+ Unk®™ K L Q H
1950-66 983 O 610 171 98 35 69
E 638 148 96.8 434 56.9
O/E 0.96 1.16 1.01 0.81 1.21
1950-54 376 OJE 0.97 1.07 0.94 0.65 1.54 +
1954-58 288 OfE 0.94 1.22 1.10 0.96 1.01
1958-62 169 OJE 0.93 1.31 1.12 0.80 0.85
1962-66 150 OfE 0.99 1.05 0.87 093 1.26
*, %t See Table 16. 16, Tab 01863, VI-H-T-1:6-01
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TABLE 26

OBSERVED & EXPECTED DEATHS BY SEX, CITY
& TOTAL T65 DOSE, 1950-66—-TUBERCULOSIS

#26 FEC TR S £ OATEE: 1 - Wel - TES MR,

1950—66F — k%

J’.?]e:c. City Deaths O/E* by Dose igit#im0 “E wiﬂ'aregtgétjn";
- i CTY 09rd 1039 40179 180+ Unk M K L @ H
Male H 375 0.91 1.26 1.40 0.82 0.92 + +
N 192 1.01 0.93 0.78 0.87 139+

T 567 0.94 1.16 1.13 0.85 1.21

Female # H 279 0.98 1.08 0.94 0.55 1.55

N 137 0.98 1.35 0.72 0.88 0.96

T 416 0.98 1.16 0.86 0.73 1.22

Total 43t H 654 0.94 1.18 1.20 0.72 1.17

N 329 0.99 1.12 0.76 0.87 1.24

s, r=See Table 16, #

TABLE

IS

Tab 01863, VI-H-T-1:3-01

27  OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66—INFECTIVE & PARASITIC
DISEASES OTHER THAN TUBERCULOSIS

#27 OB & UM ECEEE - TS mE.
1950—664F — #&F% & B < (R USHT & & 0% & dh
_ - Test te 7
Year Deaths O/E* O/E by Dose L0 /E with P<C0.05
LUgHH} L e
0-9 rad 10-39 40-179 180+ Unk#% KL QH

1950-66 167 0O 117 24 14 3 9

E 110 26.9 15.9 6.13 7.90

O/E 1.06 0.89 0.88 0.49 1.14
1950-54 66 O/E 1.01 0.86 0.67 0.94 2.14 +
1954-58 50 O/E 1.13 0.97 0.43 0.61 0.51
1958-62 27 OJE 1.27 0.46 0.73 0.00 0.67
1962-66 24 OfE 0.82 1.24 2.27 0.00 0.68 +

o, ** Sge Table 16. H16%IT,
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TABLE 28 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66-LEUKEMIA

28 HCOMENELUMEN: FECERE - TES&EHY,
1950 — 66 — i #4

Test f#3& =#

Year Deaths OJE* O/E by Dose #EFHO “Elt with P<<0.05
Fii} g L& 14
0-9 rad 10-39 40-179 180+ Unk +% K L Q H
1950-66 116 (8] 35 13 24 35 9
E 77.7 17.9 10.7 445 5.20
O/E 0.45 0.73 2.24 7.87 1.73 o ok
1950-54 40 OfE 0.38 0.17 2.13 8.12 342 e i
1954-58 32 O/E 0.60 0.61 1.72 9.49 0 4 o =t
1958-62 25 OfE 0.36 147 2.66 7.14 1.00 + “F
1962-66 19 OJE 047 1.01 2.78 357 1.25 -

KSR, SN Tab 01863, VI-H-T-1:6-24

TABLE 29 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL
T65 DOSE, 1950-66—ALL MALIGNANT NEOPLASMS EXCEPT LEUKEMIA

#29 HCOMEEREECMFERE: RCFIE
TE5 A ht A, 1950—668 — MM & k< T ST OBIENRED

Year Deaths O/E O/E by Dose MW" 0 E L witge;tgl;.gﬁ‘;
W ECH
0-9 rad 10-39 40-179 180+ Unkf® K L Q H

195066 2276 O 1489 365 233 88 101

E 1540 365 212 717 87.8

O/E 0.97 1.00 1.10 1.23 115+ +
195054 435 OJE 0.90 0.90 1.25 137 T EE
195458 532 OJE 1.05 0.88 095 0.88 0.92
195862 621 OfE 0.96 1.03 1.08 1.18 136 +
196266 688 OJE 0.96 1.10 1.12 145 0.67 +

% 4% See Table 16, RILHI. Tab 01863, VI-H-T-1:6-1023

99



TABLE 30 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & DISTANCE ATB,
1950-54-ALL MALIGNANT NEOPLASMS EXCEPT LEUKEMIA

#30 FECOBFENE L CWHFENL: 4 - W0 - HREMET, 1950—54 %
FLfE & B T oEEHRED

Testia i #*
Sex City Deaths O/E* by Distance HFRHD 0 "EE  with P<0.05
135 5 T =

" i BEs I 1l 1 v L Q H
Male H 189 103 078 115 098
N 42 0.83 1.06 1.35 127
T 231 1L00 083 120 1.08

Female % H 167 082 107 169 243 + + &
N 37 0.84 156 050 154

T 204 082 L16 141 210 + o+ o+

Total # it H 356 093 092 141 154 + + +
N 79 0.83 131 098 1.38

T 435 0.92 0.99 1.30 1.48 + + +

*. ¢ See Table 18. %18SM, Tab 01863, VI-H-D-4:6-1023 (50-54)

TABLE 31 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL
T65 DOSE, 1958-62—-ALL MALIGNANT NEOPLASMS EXCEPT LEUKEMIA
£33 MCoOMPEEESIUMFR: 5 - 8 - TEOEMMES, 1958—62F
B &b < ST ORIETED

Sex City Deaths O/E* by Dose #ltilo 0 “E 1t wiu-{e;tg& {;;
1 1 it JEC # 5
0-9rad 1039 40-179 180+ Unk®TW K L Q H
Male ™ H 262 1.00 1.12 0.70 1.53 0.72
N 53 0.84 1.07 1.32 0.92 1.36
T 315 0.98 L.11 0.84 1.30 0.98
Female % H 260 091 0.97 k53 1.08 237 F * *
(10/4.22)
N 46 1.10 0.82 0.53 0.84 1.69
T 306 0.93 0.95 1.33 1.01 209 +
Total il H 522 0.96 1.04 L11 1.33 L2F = F
N 99 0.96 0.94 0.96 0.89 1.47
(13/8.84)
*, *+8See Table 16. 168N, Tab 01863, VI-H-T4:6-1023 (58-62)
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TABLE 32  OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TCTAL
T65 DOSE, 1962-66—ALL MALIGNANT NEOPLASMS EXCEPT LEUKEMIA
#32 FECOBMENH L UMWER: ¥ 507 - TESERIEY, 1962—664
FLIL & B ¢+ o< T O Bk #T LT

Sex City Deaths O/E* by Dose #lithio 0 “El witge;tgd?sﬂg‘
TE A i FEC %
0-9 rad 10-39 40-179 180+ Unk M K L Q H
Male % H 289 0.98 1.04 1.16 1.39 0.48 +
N 74 1.04 0.59 1.16 1.20 097
T 363 0.99 096 1.16 231 0.70
Female H 2717 0.92 1.20 1.07 2.11 0.62 + + +
N 48 092 1.50 1.03 0.73 0.58
T 325 0.92 1.24 1.06 1.68 0.60
Total 7+t H 566 0.95 1.12 1.12 1.70 053 + = *
N 122 0.99 1.01 1.11 1.04 0.86

T . El6BN.
(oS Tabla 16 0 Tab 01863, VI-H-T-4:6-1023 (62-66)

TABLE 33 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66-MALIGNANT NEOPLASMS
OF GASTROINTESTINAL TRACT
#33 MEOMBELNL L CNFEL: JECHEIE - TESEE M,
1950— 667 — HILE RO ELEHE

Test i ¥*

Year Deaths O/E O/E by Dose #iE%an0 Elt with P<0.05
19 11 et S -
0-9 rad 10-39 40-179 180+ Unk £m K L Q H
1950-66 1528 O 1024 236 151 57 60
E 1034 242 142 48.7 60.8
0/E 0.99 0.97 1.06 1.17 0.99 +
1950-54 296 O/E 0.95 0.74 1.29 1.42 831 %% %
1954-58 366 OJE 1.06 0.96 0.83 0.89 0.68
195862 408 O/E 0.99 0.96 1.13 1.04 1.02
196266 458 O/E 0.97 111 1.03 1.35 0.75
2% Sea Tabladsh: FICHN. Tab 01863, VI-H-T-1:6-1115
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TABLE 34 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66 ~MALIGNANT NEOPLASMS OF GASTROINTESTINAL TRACT
#34 FECOMRE S L OCMIRFEY: - Wd - TSR,
1950—664 — i fL s OB L

i
Sex City Deaths O/E* by Dose #E#® 0 /Ek witi'lrelgt(0.0S
¥ W il Fi-

b FCR 09rad 1039 40179 180+ Unk ™ K L O H
Male % H 753 101 102 089 103 097
N 162 100 086 126 116 080
T 915 101 099 098 108 090
Female H 512 095 096 129 144 145 &
N 101 106 091 084 118 088
T 613 096 095 119 136 122 +
Total 7 it H 1265 098 099 106 117  LI0 +
N 263 102 088 110 117 082
*, * See Table 16. #16%8. Tab 01863, VIIET-1:3-1115

TABLE 35 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1962-66-MALIGNANT NEOPLASMS OF GASTROINTESTINAL TRACT

#35 HEOMESESLIUWFEE: - Wi - TeoERM,
1962— 668 — HiLWEFOEEITEN

Sex City Deaths O/E* by Dose #R#» 0 “E wm‘;{'e;t(lior.zo‘;*
i el e 0-9rad 1039  40-179 180+ Unk ¥ K L Q H
Male ' H 209 0.98 1.10 0.97 1.39 0.66
N 57 1.03 0.64 1.23 1.09 0.95
T 266 0.99 1.01 1.04 1.26 0.80
Female « H 163 0.94 1.25 0.91 1.95 0.36 s
N 29 091 1.15 143 0.60 0.95
il 192 0.93 1.23 1.01 1.52 0.61
Total & & H 372 0.96 1.17 0.94 1.61 0.58 ;<
N 86 0.99 0.84 1.30 0.96 0.95

% SR w0 FRkin Gy WIS Tab 01863, VI-H-T-4:6-1115 (62-66)



TABLE 36 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66—CANCER OF STOMACH

#36 HCOBENE LU : ECERE - T,
1950 —66 — T4

Test ki *=
Year Deaths  OQ/E*® O/E by Dose #R%# 00 Et with P<0.05
3 s

" B & 59 10-39 40-179 180+ Unk " K L QH
1950-66 959 0 628 153 99 32 47
E 652 152 88.4 30.0 37.3
O/E 0.96 1.01 1.12 1.07 1.26 +
1950-54 178 OfE 0.90 0.60 1.66 1.10 2.71 % % 2
195458 251  OJE 1.03 1.01 0.95 0.78 0.77
1958-62 255 OJE 0.98 1.03 1.02 1.06 1.22
1962-66 275  OJE 0.94 1.21 1.00 1.30 1.00
*; SEug Eopte it KRN Tab 01863, VI-H-T-1:6-11
TABLE 37 OBSERVED & EXPECTED DEATHS BY SEX, CITY,
& TOTAL T65 DOSE, 1950-66—CANCER OF STOMACH
#AT FEL O WNE Bty L ORI de P - B - TE5 AR SR RLR,
1950— 66 — F 46
Testha g *=
Sex City Deaths O/E* by Dose ®WOO0 EE  win P<0.05
FE 51 o ifi FEC &% =
09rad 1039 40-179 180+ Unk @M K L Q H
Male & H 479 0.99 1.06 1.02 0.92 1.06
N 92 1.04 0.80 1.24 0.72 1.00
T 571 0.99 1.02 1.06 0.85 1.03
Female * H 331 0.92 0.97 1.34 1.40 207 + +
N 57 0.91 1.15 0.59 1.70 1.53
T 388 0.92 1.00 1.20 1.49 1.86 + +
Total &t H 810 0.96 1.02 1.15 1.09 133+ +
N 149 0.99 0.95 1.00 1.02 1.15
«, **See Table 16. H16EMH, Tab 01863, VI-H-T-1:3-11
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TABLE 38 OBSERVED & EXPECTED DEATHS BY SEX, CITY,

& DISTANCE ATB, 1950-54—-CANCER OF STOMACH
#38 FECOMEN S L ORI - 6B - MARIERES,
1950—54 f: — WA

Sex City Deaths O/E* by Distance BRMA 0 /El o TOSME"
TE it it FELC &
1 il 1 v L Q H
Male % H 100 1.02 0.77 1.36 0.93
N 21 0.67 1.41 1.56 1.39
T 121 0.97 0.88 141 1.10
Female 7 H 48 0.84 0.80 2.15 2.35 + o+ 4
N 9
it 57 0.80 0.89 1.68 2.88 + 4 +
Total @l H 148 0.96 0.78 1.62 1.29 + o+ o+
N 30 0.63 1.41 1.10 1.96 + o+ 4
T 178 0.91 0.88 1.50 1.52 + o+ 4
*. ** See Table 18, #188M. Tab 01863, VI-H-D-4:6-11 (50-54)
TABLE 39 OBSERVED & EXPECTED DEATHS BY SEX, CITY,
& TOTAL T65 DOSE., 1962-66-CANCER OF STOMACH
#3539 FECoOWEHe L UM £ 8 - TR,
1962 — 66 — il
Sex City Deaths O/E* by Dose @#R%O0 E H wm:f ??&0?
1450 il ifi AL >
09rad 10-39 40-179 180+ Unk ##% K L Q H
Male H 129 0.94 1.17 1.22 1.13 0.86
N 32 1.04 0.91 0.97 0.77 1.13
ik 161 0.95 1.12 1.15 0.98 0.98
Female # H 100 0.93 1.28 0.80 2.25 0.58
N 14
T 114 091 1.32 0.76 1.96 1.07
Total &1t H 229 0.93 122 1.04 1.56 0.78 i
N 46 0.95 1.16 0.86 0.87 1.30
*, *+See Table 16, #16%01, Tab 01863, VI-H-T-4:6-11 (62-66)
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TABLE 40 OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF STOMACH
CANCER BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66
40 HRMI-EHT s HWMOMENE & UMBEN: B FER
TE5 ML A, 1961 — 66

; S Test [ 1k ¥*
Year Deaths  O/E* O/E by Dose #R7I®0.7E i with P<0.05
It FELC &k it
! 0-9 rad 10-39 40-179 180+ Unk 7% KL Q H
1961-66 176 0 107 37 18 11 3
E 110 31.7 20.8 8.1 5.4
O/E 0.97 1.17 0.87 1.36 0.56

" b Tl le: RIER, Tab 01863, VI-H-T-1:3-11-A

TABLE 41 OBSERVED & EXPECTED DEATHS BY TOTAL
T65 DOSE & SITE, HIROSHIMA & NAGASAKI, 1950-66—
CANCER OF LARGE BOWEL, LIVER, & PANCREAS
#41 WCOBFES S SRR TEOHBE - Mh], K5 - R
1950—66F — KI%, AFIf & & U IR O £

i e
Site Deaths O/E* O/E by Dose # @& 0. EHR witl'{elg<0f05
r
i FE® % 09nd 1039 40179 180+ Unk®% K L Q H
Large Bowel 129 0 89 22 11 2 5
K E 88.2 20.7 11.8 3.64 4.60
O/E 1.01 1.06 0.93 0.55 1.09
Liver & Biliary Tract 249 0 176 30 25 13 5
NFE 2 R E 165 39.8 23.9 9.06 11.2
O/E 1.07 0.75 1.05 1.44 0.44
Pancreas 61 0 47 8 3 2 1
v Bt E 414 9.51 5.69 1.96 242
O/E 1.14 0.84 053 1.02 0.41
%, ** See Table 16. &H16%IR. Tab 01863, VI-H-T-1:3-1214
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TABLE 42 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL

T65 DOSE, 1950-66 -CANCER OF LIVER & BILIARY TRACT
F42 FECOME L L UM % - B - TESHMBR,
1950— 661 — [FER & & UFAERE O 1

HiGE *#*
Sex City Deaths O/E* by Dose #it# 00 Eft mu?';ko.ns
b } =
= e ECR O 09rad 1039 40179 180+ Unk®w K L Q H
Male H 106 1.16 0.75 0.44 1.04 0.27
N 39 0.71 1.06 1.65 220  0.70 o
T 145 1.06 083 0.86 1.65 0.50
Female % H 76 1.07 0.70 1.05 1.24 0.72
N 28 1.11 0.56 1.85 0.73 0
T 104 1.08 0.66 1.31 1.00 0.31
Total it H 182 1.12 0.73 0.70 111 0.39
N 67 0.89 0.82 1.73 1.75 0.49
s, * See Tahle 16. K162 Tab 01863, VI-H-T-1:3-13
TABLE 43 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66—MALIGNANT NEOPLASMS OF RESPIRATORY SYSTEM
443 OB NS L UG - B - TSR ALE.
1950 — 664 — RO 38 7 o) TEHE 7 2 1
Wk e
Sex City Deaths O/E* by Dose REHA0 “EX with 52005
i3 wih L _
09rad 10-39 40-179 180+ Unki® K L Q H
Male H 102 0.88 0.92 1.80 1.44 1.34 + o+
N a1 0.83 1.06 1.06 1.78 1.20
T 133 0.87 0.96 1.58 1.60 1.27 + ¥
Female % H 61 0.79 1.25 1.66 151 2.81
N 9 too few to test MM FROAHEETARE
T 70 0.83 1.32 1.38 1.11 1.78
Total {rif H 163 0.85 1.06 175 1.46 167 + + + +
N 40 0.91 1.25 0.82 1.47 1.01
Y, *+See Tabls 16. H16EM. Tab 01863, VI-H-T-1:3-1617
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TABLE 44 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL Té65 DOSE,
1950-66-MALIGNANT NEOPLASMS OF RESPIRATORY SYSTEM

F4 HEOMES S LU FECERE - THEHEM,
1950—664 — ki3 F o Bk w L

Test L **

Year Deaths OfE* O/E by Dose #fit#®0 “E It with P<0.05
Ty FECE& ;
0-9 rad 10-39 40-179 180+ Unk +# K L QR
1950-66 203 0] 117 35 29 10 12
E 136 31.9 19.2 6.82 8.75
O/E 0.86 1.10 1.51 1.47 1.37
1950-54 22 O/E 0.80 1.16 0.50 0.00 5.54
1954-58 30 O/E 0.93 0.42 2.17 2.19 091
1958-62 64 0/E 0.81 1.18 1.72 1.22 1.42 +
1962-66 87 O/E 0.89 1.23 1.34 1.83 0.56
4, **See Table 16. #16%8. Tab 01863, VI-H-T-1:6-1617

TABLE 45 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66 —-CANCER OF BRONCHUS, TRACHEA, & LUNG

#45 WO NS S UMY - 60 - TEEEY,
1950—66%F — AT %X, AEH L Vol

5 § Test HE **
Sex City Deaths O/E* by Dose #@#00 "l with P<0.05
91 it T g
' S 09rad  10-39 40-179 180+ Unk7m KL Q H
Male % H 74 087 100 199 147 074 % # B
N 19 078 070 086 282 145 +
T 93 085 094 169 202 104 PP
Female % i 47 079 137 166 096  2.54
N 5 too few to test WIBTEO 2B HBETTH
T 52 084 132 145 078 181
Total %t H 121 084 116 18 130 114 + @
N 24 091 077 068 241 126
«, s*Spe Table 16. #1655 Tab 01863, VI-H-T-1:3-16
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TABLE 46 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,
1950-66—-CANCER OF BRONCHUS, TRACHEA, & LUNG

#46 FECCOMSE Y L UM B JECHEM - TSR,
1950— 66 — RFE X, REHLUHOH
[P
i rCH * 0-9rad 1039 40-179 180+ Unk#% K L Q H
1950-66 145 0 83 25 22 8 7
E 978 229 137 4.7 5.9

O/E 085 109 161 168  1.19
1950-54 10 0/E too few to test 32 TR o) £ ¥ b 700 il
1954-58 16 0O/E too few to test ST O 2w b 70 fE
1958-62 48 O/E 078 119 172 116 207 +
1962-66 71 O/E 090 106 149 232 036

=, **See Table 16. #1681,

TABLE 47

Tab 01863, VI-H-T-1:6-16

OBSERVED EXPECTED DEATHS BY TOTAL T65 DOSE,
HIROSHIMA & NAGASAKI, 1962-66—CANCER OF FEMALE BREAST

#47 WEoOBENG EUHFH: TOEHARM, K6 - £,
1962— 664 — KL ILE
i w
Year Deaths O/E* O/E by Dose #ft#in0 Ejt witlﬂfels’tgﬂj.‘ﬁs
mm oy H
i e 09rad 1039 40179 180+ Unk7#W K L Q H
196266 2 0 13 2 4 2 1
E 15.0 368 204 066 065
OE 087 054 196 304 153  +
o, o+ See Table 16. #16HI. Tab 01863, VI-H-T-4:6-18(62-66)

108



TABLE 48

OBSERVED & EXPECTED DEATHS BY DISTANCE ATB

& CITY, 1950-66—-CANCER OF UTERUS

FA48 FEC O WY fedy & UMIER e pEREENE - B AT,

1950 —66 . — - =4

Test Ko **
Year City Deaths O/E* O/E by Distance #ifln0 “EX  with P<0,05
L) ik i FEL 8 jid
I 11 11 v L Q H
1950-66 T 194 0 126 34 17 17
E 134 302 164 13.0
0/E 0.94 113 1.04 1.31
H 156 O/E 0.90 1.10 1.38 1.54 +
N 38 O/E 1.12 1.23 0 0.96
1950-54 T 64 0J/E 0.76 1.30 1.68 190 + +
1954-58 T 53 O/E 1.15 0.48 0.65 L.11
1958-62 T 47 O/E 0.88 1.51 053 1.76
1962-66 i 30 O/E 1.01 1.29 1.19 0
4, **See Table 18. #1884, Tab 01863, VI-H-D-1:6-19

TABLE 49

OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF CANCER OF UTERUS

BY YEAR OF DEATH & TOTAL Té65 DOSE, 1961-66

$49 BEBIC B S FEGOMEEE L UMM ECEE - TSR, 1961—661
t-‘ﬂ w&
Year Deaths O/E* O/E by Dose #R%n 0 “E Mk wiu;re;gaﬁs
e RER & 09rad 1039 40-179 180+ Unk#® K L Q H
1961-66 35 0 20 10 4 1 0
E 213 7.10 424 184 054
OJE 094 141 094 054 0

¢, *» See Table 16. 16810,

Tab 01863, VI-H-T-1:3-19-A
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TABLE 50

OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH &

TOTAL T65 DOSE, 1950-66—CANCER OF OTHER & UNSPECIFIED SITES
#50 FECOMEEH & & FMFL: FECERE - TEOHMMD,
1950—664 — £ @ flbd> £ UFShEL A B O 48

Year Deaths O/E* O/E by Dose #fitdim 0 El m:gegtg).%;'
R PEL $ it
0-9rad  10-39  40-179 180+ Unk®W K L Q H
1950-66 126 0 80 19 13 5 9
E 85.9 203 11.4 3.74 4,71
O/E 0.93 0.94 1.14 1.34 191 +
1950-54 16 O/E too few to test f&# FIE o2 b Tk
1954-58 37 O/E 0.84 0.80 1.78 0.96 3.29 +
1958-62 40 O/E 0.89 1.10 0.54 1.52 319+
1962-66 33 O/E 1.03 0.92 1.31 1.06 0

*, *» See Table 16.

A UE 2

Tab 01863, VI-H-T-1:6-22

TABLE 51 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66-CANCER OF OTHER & UNSPECIFIED SITES
#51 MEORER S L UMEY: ;- 80 - TesEHES,
1950—66F — Z O fbd L VS AHOHE
Sex City Deaths O/E* by Dose #ESIN0 "El witg.els’l;f(fo;.
37 it &
0-9rad 1039  40-179 180+ UnkT™# K L Q H
Male % H 50 0.99 1.07 0.95 1.49 0.58
N 10 too few to test fif &4 @ /- WE T
T 60 0.98 1.01 0.92 0.97 1.39
Female H 54 0.92 0.78 1.07 2.62 372 4 *
N 12 too few to test il & T /& o /¥ Hitl 7 7 i
T 66 0.89 0.88 1.33 1.79 202 =F
Total & it H 104 0.95 0.91 1.02 2.01 179 =¢ =
N 22 0.80 1.05 1.54 0 2.08
*, ** See Table 16. E16810, Tab 01863, VI-H-T-1:3-22
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TABLE 52

OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF

BENIGN NEOPLASMS & NEOPLASMS OF UNSPECIFIED NATURE
BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66

#52 HBFRICHETF2REREMS L UCEE TR0 EYORSENS LU
MRS JECHER - THRAEMIRR, 1961 —66IF
Test b i #=
Year Deaths O/E* O/E by Dose #i®0 “Elt withe;<0:‘65
i =N % 09rad 1039 40-179 180+ Unk*" K L Q H
1961-66 508 o 308 96 70 20 14
E 311 99 ] 21 13
O/E 0.99 0.97 1.07 0.97 1.06

¢ **See Table 16. #1680,

TABLE 53

Tab 01863, VI-H-T-1:3-25-A

OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF
BENIGN NEOPLASMS & NEOPLASMS OF UNSPECIFIED NATURE
BY SEX, CITY, & TOTAL T65 DOSE, 1961-66

#=53 Sz &0 S BESENE EURETHEOMEO MBS LU
W dc: ¥ - BBTI - T65MELA, 1961 —66%
, thE e
Sex City Deaths O/E* by Dose #@RM®0 “ELt mu;rc;QnS
g il EH 09rd 1039 40179 180+ Unk W K L Q H
Male % H 158 099 101 114 068  1.00
N 52 107 064 112 113 080
T 210 101 094 113 086 086
Female & H 242 099 098 109 073 152
N 56 091 104 080 176  1.56 "
T 298 098 099 104 108 154
Total %t H 400 099 099 L1l 071 121
N 108 099 091 098 139 098
» *» See Table l6. #1680, Tab 01863. VI-H-T-1:3-25-A
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TABLE 54 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,
1950-66 —ALLERGIC, ENDOCRINE SYSTEM, METABOLIC, & NUTRITIONAL DISEASES
H5 WCOMEN S L OMEY: BCEE - TESEMEE, 1950—66F — 7 L b ¥ — B,

P R oo I, B & U OB

i F
Yeur Deaths O/E* O/E by Dose #{tHom 0 7 E ke wiﬂ-\F e;'éoflés
L] TEL & H
e ; 09rad 10-39  40-179 180+ Unk#® K L Q H
1950-66 380 (8] 259 55 37 13 16
E 258 61.2 34.6 11.1 151
O/E 1.00 0.90 1.07 LT 1.06
1950-54 101 0/E 0.93 1.10 0.97 0.99 1.80
1954-58 81 O/E 1.05 0.89 0.96 0.90 0.74 +
1958-62 97 O/E 1.13 0.63 0.66 1.72 0.56
1962-66 101 O/E 0.93 0.91 1.60 1.05 1.18 + +
«, **See Table 6. #16%IT, Tab 01863, VI-H-T-1:6-3032

TABLE 55 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66—ALLERGIC, ENDOCRINE SYSTEM, METABOLIC, & NUTRITIONAL DISEASES

#5655 FECOBIFEN S L CMHER: 4 - 68 - TERERRRM, 1950—66F — 7L b F—HEHEL,
AFieFORE, MERBE LI TREOEL

. Testt i+
Sex City Deaths O/E* by Dose #EBN0 EL  with P<0.05
A bl =
’ Ll ER 09rad 1039 40179 180+ UnkTw K L Q H
Male % H 170 104 098 071 157 052
N a1 105 057 146 179 048
T 211 104 089 090 164 051
Female H 130 098 089 109 038 227 +
N 39 080 097 168 054 196
T 169 096 091 127 045 212 +
Total it H 300 102 093 08 113 108
N 80 092 078 157 123 104
o, ot See Table 16. HISBHL. Tab 01863, VI-H-T-1:3-3032
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TABLE 356

OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH

& TOTAL T65 DOSE, 1950-66-ALLERGIC DISEASES
#56 FECOMEE NS £ FIMEFEL: FECFE - TESEHEET,

1950 —66 — 7 L L F—HLER

. i s

Year Baaiils o/E* OJE by Dose #1100 “E wm:klf&o.os
ik B 5% 09rad 1039 40179 180+ Unks® K L Q H
1950-66 212 0 143 32 20 7 10

E 142 44 196 6.4 9.2

O/E 100 093 102 L0 108
1950-54 62 O/E 090 097 120 106 203 +
1954-58 56 O/E 108 084 078 134 050
1958-62 49 O/E 110 089 064 128 050
1962-66 45 O/E 095 096 142 076 116 +

*, **5See Table 16.

Elotu,

Tab 01863, VI-H-T-1:6-30

TABLE 57 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66—ALLERGIC DISEASES
H5T W OMERE UM % - Bt - THRBRY,
1950 —66F — T L WX —tE@ER
Sex City Deaths O/E* by Dose &Ml 0 “Elt mthT?ga(%; [
it i M 09rd 1039 40479 180+ Uk K L QH
Male % H 101 101 110 060 191 060
N 34 L1 051 177 L12 029
T 135 103 094 098 159 044
Female # H 54 101 068 112 0 393 +
N 23 082 138 104 0 2.12
T 77 096 091 109 0 2.88
Total %t H 155 101 095 078 138 138 +
N 57 099 088 146 073 087

s, *+See Table 16. X16EM,

Tab 01863, VI-H-T-1:3-30
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TABLE 58 OBSERVED & EXPECTED DEATHS BY SEX, CITY,
& TOTAL T65 DOSE, 1950-66-DIABETES MELLITUS

#58 FCECOMENE LCMF: - &ili - TESESER,
1950 — 66 iE — HH R4

e
Sex City Deaths O/E?* by Dose #Ut5n0 “E mu;l‘ ?&%Es
e 1 ol FEC I
0-9rad 10-39 40-179 180+ Unk 7™M KL Q H
Male % H 50 1,08 0.67 1.19 1.51 0
N 3 too few to test k470 o £ o B A5 0T RE
| 53 1.06 0,63 1.10 1.99 0.49 +
Female %« H 59 1.04 0.90 097 0.80 0.88
N 6 too few to test M TRO L HEE TN
1 65 1.00 0.81 1.35 0.63 1.29
Total it H 109 1.06 0.80 1.07 1.17 0.35
N 9 too few to test MM TRO - HEE TR
v, See Table 16. B16%EM, Tab 01863, VI-H-T-1:3-31
TABLE 59 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66—DIABETES MELLITUS
#59 HCoMBELES L CMER: ECEE - TEEARRY,
1950— 661 — 1§ R 7
]
Year Deaths O/E* O/E by Dose #itile 0 E M wltgelﬁ<0.ﬂs
LR ML ¥ It o
0-9rad 10-39  40-179 180+ Unk "™ K L Q H
1950-66 118 (0] 84 14 13 4 3
E 81.8 19.0 10.5 3.09 361
O/E 1.03 0.74 1.24 1.29 0.83
1950-54 18 O/E too few to test MU TRO D ERTTHE
1954-58 18 O/E too few to test WMATRE® 2~ BE F ik
1958-62 33 O/E 1.13 0.36 1.02 2.46 0
1962-66 49 O/E 092 0.86 1.56 1.57 1.45 +
*, ** See Table 16. #16%ML. Tab 01863, VI-H-T-1:6-31
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TABLE 60 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66 -ENDOCRINE SYSTEM, METABOLIC, & NUTRITIONAL DISEASES

#6060 ECoONSEE L UMFS: £ - Ml - TSN, 1950—066
HoeFrOEE MARME L UVEREOREL

Testiz i *#*
Sex City Deaths O/E* by Dose 2% # 0 "Ek with P<0.05
e i L&
0-9rad 10-39  40-179 180+ Unk ##1 K L Q H
Male % H 69 1.08 0.78 0.88 1.09 0.42
N 7 too few to test (78R o/ ¥ b 4500 ik
T 76 1.06 0.79 0.76 1.75 0.64 +
Female # H 76 0.99 1.03 1.07 0.62 1.23
N 16 too few to test WUTE® L0 HE T
T 92 0.96 0.90 142 0.80 1.44
Total i H 145 1.04 0.92 0.98 0.87 0.75
N 23 too few to test METIE® LW e Tk
o, veSee Table 16. K168, Tab 01863, VI-H-T-1:3-3132

TABLE 61 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,
1950-66 —~ENDOCRINE SYSTEM, METABOLIC, & NUTRITIONAL DISEASES

#6]l - OMEN S L M FFCEE « TESER N, 1950—661
Nl R OEE, s L UEEORE

Ni'.‘." i
Year Deaths O/E* O/E by Dose #utWn0  EK witl??&ﬂ.tlﬁ
4 1R Wl -
o e 09rad 1039  40-179 180+ Unk ©" K L Q H
1950-66 168 0 116 23 17 6 6
E 115 269 150 479 587
O/E 101 08 113 125 102
1950-54 39 O/E 097 131 058 088 134
1954-58 25 O/E 097 102 140 000 138
1958-62 a8 ofE 116 038 068 224 065
196266 56 OJE 091 087 175 130  1.20
v, %% Sop Table 16, #1650, Tab 01863, VI-H-T-1:6-3132
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TABLE 62 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,

1950-66-DISEASES OF BLOOD & BLOOD-FORMING ORGANS
#62 FECOM¥W NS L UMIFR: JECER - TEREHZRY,

1950—667F — M@ s L FEmMEDER

Testh & **
Year Deaths O/E* O/E by Dose #%a0 El with P<0.05
101 it
reh = 09rad 1039 40-179 180+ Unk+m K L Q H
1950-66 84 0 44 14 12 11 3
E 57.0 13.4 7.80 2.73 3.11
O/E 0.77 1.05 1.54 4.04 0.96 + +
1950-54 16 O/E 0.56 1.25 1.35 5.07 2.68 * + +
1954-58 19 O/E 0.77 1.29 1.74 3.37 0 +
1958-62 24 O/E 0.79 1.01 0.90 5.56 1.48 + + +
1962-66 25 O/E 0.89 0.73 2.08 2.47 0
*, ** See Table 16. #IGBH, Tab 01863, VI-H-T-1:6-3334
TABLE 63 OBSERVED & EXPECTED DEATHS BY SEX. CITY, TOTAL T65 DOSE,
1950-66-DISEASES OF BLOOD & BLOOD-FORMING ORGANS
#63 W OWHH L UMEH: - WF - TERMER,
1950— 66 — I0LifE & & OF ji 00 72 o0 45 48,
Test ld i *#
Sex City Deaths O/E* by Dose # it 0 Elt with P<0.05
4 ey
' Ll PER 09rad 1039 40-179 180+ Unk7W K L Q H
Male H 27 0.94 0.74 1.80 2.89 0 -
N 7 too few to test MM RO B EE Tk
T 34 0.92 0.61 1.59 3.81 0 + o+ o+
Female i H 43 0.70 1.51 1.31 6.16 0 + + +
N 7 too few to test MMTRO LM ERTITE
T 50 0.67 1.31 1.50 425 2.16 + o+ o+
Total it H 70 0.79 1.23 1.49 4.80 0 A= ok #
N 14 0.65 0 1.70 2.83 21
*, ++ See Table 16. {16401, Tab 01863, VI-H-T-1:3-3334
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TABLE 64 OBSERVED DEATHS FROM DISEASES OF BLOOD & BLOOD-FORMING
ORGANS BY TOTAL T65 DOSE & RESULT OF HEMATOLOGIC REVIEW, 1950-66

#64 M LUBMBOELIZLSMEECEH: TeodAmR
L2 5 e 3l TE RS B, 1950 — 664

Review T65 Dose T G it
Lk Total # 0-9rad 10-39  40-179 180+ Unk 7

Total # 84 44 14 12 11 3
Rejected for review Hijd 4 5 o fhiR 24 12 3 7 1 1
Leukemia @i 7 1 2 2 2
Aplastic anemia SEWHMm 19 11 2 2 -
Other £ fit 34 20 7 1 6 -

Tab 01863.M

TABLE 65 OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF ANEMIA
BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66
#£65 plREFACSTIRMROBRES S L CHiFE: ECER
TES&EME S, 1961 — 664
) o Test i *+
Year Deaths O/E* O/E by Dose #RH "0 “E with P<0.05
iy YELC S H
09rad 10-39 40-179 180+ Unk W K L Q H
1961-66 33 0 16 6 9 2 =
E 20.2 6.12 4.32 1.38 0.96
O/E 0.79 0.98 2.08 1.45 =
o, = See Table 16. #16%M. Tab 01863, VI-H-T-1:3-33-A

TABLE 66 OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF OTHER DISEASES OF BLOOD
& BLOOD-FORMING ORGANS BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66

£66 BlEMCcHFTIRRSLUCENSOHEROREN S L UHiFE:
FELCHEE - T &E &S, 1961 —66

Test & #*
Year Deaths O/E* O/E by Dose # %00 Et with P<<0.05
o RLE = 0-9rad 10-39 40-179 180+ Unk+#m K L Q H
1961-66 202 (0] 116 43 20 14 9
E 125.9 36.1 23.7 9.74 6.73
O/E 0.92 1.19 0.84 1.44 1.34

s, ** See Table 16. #I6HM. T a0, PERT LAt
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TABLE 67 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,

1950-66—DISEASES OF NERVOUS SYSTEM & SENSE ORGANS
#67 L OBlEEe L UMY FECEE - TSR,
1950—661 — MR L L UREROES

Year Deaths O/E* O/E by Dose it 5l m 0 “E i wn;f??ﬂ%?
TR T JEL b I
- 09rad 10-39  40-179 180+ Unk7M K L Q H
1950-66 2840 0O 1913 453 275 90 109
E 1921 458 262 86 113
O/E 1.00 0.99 1.05 1.04 0.96
1950-54 529 O/E 1.04 0.80 0.92 0.93 1.34
1954-58 702 O/E 0.98 1.09 0.86 1.04 1.24
1958-62 751 O/E 1.00 0.97 1.08 1.18 0.80
1962-66 858 O/E 0.98 0.99 1.22 1.03 0.88

b, **See Table i6.

TABLE 68

16808,

Tab 01863, VI-H-T-1:6-4045

OBSERVED & EXPECTED DEATHS BY SEX, CITY, TOTAL T65 DOSE,

1950-66—DISEASES OF NERVOUS SYSTEM & SENSE ORGANS
#68 FEC MR Sd L UBARF B M - BOTT - Te5&aght i,
1950—66TF — ®iER b LU EBOED

Test i **

Sex City Deaths O/E* by Dose #tHla0 L with P<<0.05
2 il [ d o g
e ! FEH . 09rad 1039 40179 180+ UnkF# K L Q H
Male % H 1132 0.99 097 1.09 1.01 1.08
N 356 1.03 1.09 0.79 1.20 0.81
P 1488 1.00 1.00 1.00 1.10 0.95
Female * H 1076 0.99 0.98 1.10 0.94 1.14
N 276 1.00 0.99 1.10 0.99 0.85
H 1352 0.99 0:98 1.11 0.96 1.00
Total @& &t H 2208 0.99 0.97 1.10 0.98 1.10
N 632 1.02 1.04 0.92 1.13 0.82
*, % See Table 16. #I16%H. Tab 01863, VI-H-T-1:3-4045
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TABLE 69 OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF HEMORRHAGE,
EMBOLISM, & THROMBOSIS OF THE CENTRAL NERVOUS SYSTEM
BY SEX, CITY, & TOTAL T65 DOSE, 1961-66

#69 FIRAIC &0 s PlEmERO BN, BRES L FMIREDBE M & UMiT
P - &0l - ToS&EHAT], 1961 —66%F

* g =
Sex City Deaths O/E* by Dose #L5»m0 “E 1 wit}lﬂels’%(),lbs
HEHY i it B
' TE® 09rad 1039 40179 180+ Unk#m K L Q H
Male % H 256 0.94 1.10 1.17 1.04 1.45
N 86 0.90 0.98 1.02 1.26 1.21
T 342 0.93 1.07 1.12 1.13 1.29
Female * H 200 1.04 0.98 0.75 1.29 1.68
N 60 1.15 0.70 0.76 1.08 1.14
T 260 1.06 0.92 0.75 1.4 1.36
Total 5t H 456 0.98 1.04 0.96 1.13 151 +
N 146 1.01 0.83 0.93 1.20 1.20
*, **See Table 16- RIGBM, Tab 01863, VI-H-T-1:3-4042-A

TABLE 70 OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF HEMORRHAGE,
EMBOLISM, & THROMBOSIS OF THE CENTRAL NERVOUS SYSTEM
BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66
B0 BI85 P AR R o i, BEEEAE £ & OO R 0 O R B & UG
FELCHERE - Te5#E# MR, 1961—66:F

" Test & **
Year Deaths O/E* O/E by Dose i#@i#a0.“EL with P<0.05
o R & I
0-9rad 10-39  40-179 180+ Unk+W KL QH
1961-66 602 0 366 108 70 30 28
E 372 109 738 259 215
O/E 0.98 0.99 0.95 1.16 130 +

v, v See Table 16. #16%5H. Tab 01863, VI-H-T-1:3-4042-A
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TABLE 71 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66—DISEASES OF CIRCULATORY SYSTEM

#71 OB S & O TR - TE5HmET,
1950— 665 — RIS F 0 b

Test it **
Year Deaths O/E* OfE by Dose #it%¢»0 “E L with P<0.05

i FEE B B -
09rad 10-39 40-179 180+ UnkT™8 K L Q H
1950-66 1587 0 1064 244 170 47 62
E 1074 257 146 47.3 62.8

O/E 0.99 0.95 1.17 0.99 0.99
1950-54 278 O/E 0.96 0.89 123 093 157 &
1954-58 361 O/E 1.04 0.72 1.06 0.91 1.38
1958-62 417 O/E 1.00 0.95 1.14 1.11 0.73 T
1962-66 531 O/E 0.96 1.07 1.19 1.04 0.80
* *=See Table 16. FTIGH|, Tab 01863, VI-H-T-1:6-5056

TABLE 72 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66—-DISEASES OF CIRCULATORY SYSTEM

72 WCOBEERDL LM 1 - i - Teb AR,
1950— 661 — i BEa 5 O 8

Test e *+
Sex City Deaths Q/E* by Dose #tit#mo E Ik with P<0.05

v e EH  Gorad 1039 40179 180+ uUnksm K L Q H
Male 1 H 644 103 093 097 112 069
N 164 093 083 133 067 144 +
T 808 101 091 106 095  1.02
Bt & H 592 100 093 120 105 071
N 187 085 113 144 106 113 3 %
T 779 097 098 128 106 093 +
Total il H 1236 101 093 108 109 070
N 351 089 100 138 084 131 % 4
., o+ See Table 16. 155, Tab 01863, VI-H-T-1:3-5056
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TABLE 73 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66-MAJOR DISEASES OF CIRCULATORY SYSTEM

BT FECOMB s L S . i - Tes@matnl,
1950— 66 — TEE B 5 O L EES

Test Hi i -
Year Deaths  O/E* O/E by Dose #hMmn0 K with p<9_35

il wCs 09rad 1039 40179 180+ UnkT% K L Q H

Arteriosclerotic & Degenerative Heart Diseases (51,52) IR (L% o £ 0ro fE 1% LR L

1950-66 837 (0] 573 131 34 23 26
E 569 134 76.4 25.0 324
O/E 1.01 0.98 1.10 0.92 0.80
Other Diseases of Heart (53) z oo LigsED
1950-66 234 0 153 37 24 7 13
E 160 37.3 20.8 6.88 9.10
O/E 0.96 0.99 1.15 1.02 143
Hypertensive Heart Disease (54) 0 fl/F 4 o5&k 8
1950-66 149 (0] 90 32 16 4 7
E 101 246 13.6 4.28 5.74
O/E 0.89 1.30 1.17 0.94 1232
Other Hypertensive Disease (55) % @ flbon it/ ¥ 5 8
1950-66 191 0 130 23 24 5 9
E 126 323 18.2 577 841
O/E 1.03 0.71 1.32 0.87 1.07
v, **8ee Table 16, #1688, Tab 01863, VI-H-T-1:3-5155

TABLE 74 OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF RHEUMATIC FEVER
OR RHEUMATIC HEART DISEASE BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66

#74 BIBAIZEGSU YTk L) v FEOIRR S OB e X O
FELC IR « TEREEFRAE, 1961 — 661

Test [ **
Year Deaths O/E* O/E by Dose #&#®0 “Elt with P<0.05
e i = 09rad  10-39  40-179 180+ Unk #m K L Q H
1961-66 76 0] 48 15 9 2 2
E 47.5 14.2 9.87 3.01 1.44
O/E 1.01 1.06 091 0.66 1.39
%, =t See Table 16. FIGEM. Tab 01863, VI-H-T-1:3-50-A
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TABLE 75

OBSERVED & EXPECTED AUTOPSY DIAGNOSES OF ENDOCARDITIS &

MYOCARDIAL DEGENERATION BY YEAR OF DEATH & TOTAL T65 DOSE, 1961-66
#75 FIHEMCHTILNMES S CLEESEOWRELSE LU

FELCAEIE - To5#EMUE, 1961 —664-

R
Year Deaths OfE* O/E by Dose it 0 “E bt wi,{"ﬁ‘éﬁbs
1 JEC 8
& 09rad 1039 40-179 180+ Unk+® K L Q H
196166 238 0 146 40 31 7 14
E 140 425 308 124 124
O/E 104 094 101 056 113

*, ** Spe Table 16. #168W

Tab 01863, VI-H-T-1:3-52-A

TABLE 76 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66-DISEASES OF RESPIRATORY SYSTEM
#76 FECOWEU L L CWFL: & Wil - TEERMA, 1950—66F — FRBLOHEL
(e **
Sex City Deaths O/E* by Dose #@#o0 ‘Elt whg'if@_os
s e FEH  09rad 1039 40179 180+ UnkT% K L Q H
Male % H 273 096 112 104 146 089
N 79 101 L1l 095 137 0.0
T 352 097 LI12 101 142 075
Female % H 234 105 068 104 119 132
N 75 113 108 032 060 121
T 309 107 079 080 093 126
Total &t H 507 100 091 104 136  1.04
N 154 107 110 064 107 083

= *s Spe Table 16. E16E M,
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TABLE 77

OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH

& TOTAL T65 DOSE, 1950-66-DISEASES OF RESPIRATORY SYSTEM

£77 ECOBBEL S L UMY JECU®E - TEOREMER, 1950—66% — 1Rk 8350 %R
Test i ™ *
Year Deaths O/E* O/E by Dose :ght¥imo0 “E with P<0.05
(] FELC & 14 : 2
0-9 rad 10-39  40-179 180+ Unk+® K L Q H
1950-66 661 0 455 102 55 24 25
E 448 106 60.2 19.5 26.8
O/E 1.02 096 091 1.23 0.93
1950-54 149 O/E 1.03 0.88 1.05 0.72 1.14
1954-58 142 O/E 0.93 120 092 1.46 1.16
1958-62 181 O/E 1.07 0.81 0.78 1.11 1.09
1962-66 189 O/E 1.02 091 090 1.64 0.76
s, **See Table 16. £16301, Tab 01863, VI-H-T-1:6-6061
TABLE 78 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH

& TOTAL T65 DOSE, 1950-66-DISEASES OF DIGESTIVE SYSTEM
#78 TR OMN%E S L UMY B FECRTE - TEGEFNLN, 1950—66iF — i (L &7 Ikt

o Test b ie**
Year Deaths O/E* O/E by Dose @ity 0 EM with P<0.05
i B = 09rad 1039 40179 180+ Unk #W K L Q H
195066 1119 0 759 187 89 29 55
E 754 180 103 45 450
O/E 101 104 086 084 1.7
195054 326 O/E 097 107 079 086 175 "
195458 296 O/E 104 098 074 071 128
195862 259 OJE 105 087 099 076 091
196266 238 OJE 098 118 094 109 076

+, *=See Table 16.

EIGBIR,

Tab 01863, VI-H-T-1:6-6266
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TABLE 79 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66—DISEASES OF DIGESTIVE SYSTEM

279 MCOWESE L UM % - A - TESHEEETE, 1950—668 — MR RO ES

Test [ d 5"

Sex City Deaths O/E* by Dose #itflo 0 Elk with P<0.05

{3 Wil C _ =

! i EEH S 09rad 1039 40-179 180+ UnkF® K L Q H
Male #H H 486 1.01 1.08 0.86 0.87 0.95
N 142 1.03 0.89 0.81 0.86 1.31
T 628 1.01 1.04 0.85 0.87 1.12
Female #« H 374 1.01 1.07 0.82 0.67 1.10
N 117 0.96 0.98 1.02 0.96 1.47
E 491 1.00 1.04 0.88 0.79 1.29
Total @& it H 860 1.01 1.07 0.84 0.80 0.99

N 259 0.99 0.94 0.90 0.90 136 +
+, v+ See Table 16. #1650, Tab 01863, VI-H-T-1:3-6266

TABLE 80 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL Té6S DOSE. 1950-66—PEPTIC ULCER & CIRRHOSIS OF LIVER

280 AR OB Bk OHHER B VECC FEAE - TESERMURIAY, 1950—668F — § (B M B L ORI AR

Test e "*
Year Deaths O/E* O/E by Dose #ltio0 “E K with P<0.05

U i e i
’ oM . 0-9rad 1039 40179 180+ Unk7®M K L Q H

Peptic Ulcer (62) ififLikifts

1950-66 254 0 172 37 24 9 12
E 171 39.9 237 8.25 11.2
O/E 101 093 1.01 1.09 1.07
Cirrhosis of Liver (65) iifwi=
236 0 164 35 18 6 13
E 158 37.9 222 7.55 10.2
O/E 1.04  0.92 0.81 080 1.28
*, ** See Table 16. E162M. Tab 01863, VI-H-T-1:3-62,65



TABLE 81 OBSERVED & EXPECTED DEATHS BY SEX, CITY,
& TOTAL T65 DOSE, 1950-66-NEPHRITIS & NEPHROSIS

#8l HEOBEESECMiFEE: & - 6 - TEORMRR, 1950—665 — W L4 70X

3 Testiea**
Sex City Deaths O/E* by Dose #it#Mm0 Elk with P<0.05
i i TEE  09rad 1039 40179 180+ Unk®% K L Q H
Male H 100 1.03 0.53 1.10 0.40 266 +
N 23 1.18 0.81 0.36 1.39 0.82
T 123 1.05 0.59 0.91 0.76 1.89 +
Female ’ H 137 0.96 1.20 1.03 1.08 0.72
N 39 121 0.56 1.11 142 000 +
T 176 1.00 1.04 1.05 1.23 0.35
Total it H 237 0.99 0.93 1.06 0.76 1.78
N 62 1.20 0.65 0.83 1.41 0.37
WoARSes Tnble Lt TN Tab 01863, VI-H-T-1:3-70

TABLE 82 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH
& TOTAL T65 DOSE, 1950-66-NEPHRITIS & NEPHROSIS

7282 FEC oM R FUMES: MCOEEE - TEmAMT, 1950—66fF — HREHEL U f 70—

Testhhdt*
Year Deaths O/E* O/E by Dose #lthia 0. Ef with P<0.05
Ll R ‘t 0-9rad.  10-39  40-179 180+ Unk©® K L Q H
1950-66 299 0 208 42 27 9 13
E 203 484 271 885 115
O/E 102 087 100 102 113
1950-54 92 O/E 113 060 LIl 119 174
1954-58 92 O/E 102 092 109 074 090
1958-62 71 OJE 092 133 075 144 125
1962-66 44 O/E 118 042 098 071  0.60
*, *» See Table 16. FI16RM. Tab 01863, VI-H-T-1:6-70
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TABLE 83 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,
1950-66 -OTHER DISEASES OF GENITOURINARY SYSTEM

#83 OB S L UHRE R PEC R - TESREMRY), 1950—664 — EMB A0 O MoEL

) = _ TestleE**
Year Deaths O/E* O/E by Dose #k#» 0 E with P<0,05
i AR 5 09rad 1039 40-179 180+ UnkT" K L Q H
1950-66 61 6] 45 5 5 2 4
B 41.1 9.82 5.57 1.89 2.64
0/E 110 051 0.90 1.06 1.51
“ % Sep Table 16, 16583, Tab 01863, VI-H-T-1:3-71

TABLE 84 OBSERVED & EXPECTED DEATHS BY YEAR OF DEATH & TOTAL T65 DOSE,
1950-66 -SYMPTOMS, SENILITY, & [LL-DEFINED CONDITIONS

#84 TEC OB S £ MR TECTFRE - TOMMER, 1950—664: — fEdK,
EE S kORI B A5 PRIE O IR

Br gk
Year Deaths OJ/E* O/E by Dose #@ula0 EL witg"‘ﬁ%’fg*s
15 1 L H K =
0-9rad 10-39  40-179 180+ Unk™#M K L Q H
1950-66 1255 0 893 197 101 23 41
E 872 202 109 27.4 44.1
O/E 1.02 0.97 0.93  0.84 0.93
1950-54 300 O/E 1.02 0.76 0.80  1.82 1.63 SR S
1954-58 398 O/E 1.00 1.08 0.88  0.65 0.98
1958-62 326 O/E 1.08 0.86 .01 0.43 0.97
1962-66 231 O/E 1.02 0.98 1.05 083 0.59
*, ** Sge Table 16. #1621, Tab 01863, VI-H-T-1:6-8082

TABLE 85 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & TOTAL T65 DOSE,
1950-66—SYMPTOMS, SENILITY, & ILL-DEFINED CONDITIONS
#85 MO i LU M - M - TesARSERR], 1950—668 — ek,
Wb & U B T OANE O IRTE

. . Test i E**
Sex City Deaths O/E* by Dose #iitgin0 “El with P<0.05
5 i L

i e EE® O 09md 1039 40-179 180+ Unk M K L Q H
Male H 437 100 080 118 105 136
N 104 111 099 102 048  0.60
T 541 102 084 114 088 104
Female & H 564 104 104 072 071 057
N 150 096 120 090 094 105
T 714 102 107 078 080  0.80
Total 4 H 1001 102 093 092 089 102
N 254 102 L1l 094 074 082

+. =+ See Table 16, EI6BMN. Tab 01863, VI-H-T-1:3-8082
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TABLE 86 OBSERVED & EXPECTED DEATHS BY SEX, CITY, & DISTANCE ATB,
1950-54—-SYMPTOMS, SENILITY, & ILL-DEFINED CONDITIONS
#E FECOBEM L LOMIRE . (- ABAT - BEREINEY, 1950—54 6 — REIK,
EE b & URRIF % 1 Al oo KT8

Test 2%

Sex City Deaths OQ/E* by Distance iligis| ¢ 0 “E with P<0.05
P 3 ili e 1 " m v L Q H
Male ) H 113 1.04 061 0.88 2
N 19 1.16 0.65 0.36 1.54
T 132 1.05 0.61 0.75 1.71 +
Female # H 125 1.04 0.82 0.73 1.44
N 43 0.84 1.04 0.82 2.38 + i
T 168 0.99 0.88 0.77 1.89 -+ p +
Total &4 H 238 1.04 0.72 0.80 1.63
N 62 0.93 0.92 0.67 2.10 + *
iy 300 1.02 0.76 0.76 1.80 + &

A — Tab 01863, VI-H-D-4:6-8082

TABLE 87 CLASSIFICATION OF EARLY ENTRANTS BY EARLIEST
PROXIMITY TO HYPOCENTER

#:87 WML ATE OO e 0 A0 O FREE (23T Gr i

Date of First Entry Depth of Entry (m)  Addijtd

W FiH B First Day 5 1 1A Ever it Ao A Recode

Hiroshima f:f5  Nagasaki o4 H N H N BaN Tees
6,7 Aug. 9,10 Aug. 1000 1200 - - 1+ a
6,7 Aug. 9,10 Aug. 1000-1499 1200-1799 - - — b
1500+ 1800+ <1000 <1200 — b
1500+ 1800+ 1000+ 1200+ - /o]
8,9 Aug. 11,12 Aug. <1000 <1200 = = - b
1000+ 1200+ - - - ¢
10+ Aug. 13+ Aug, ey — - _ =i ¢
Tab 01863-E
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TABLE 88

#88 EHREEIRE,

OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS,
& LATE ENTRANTS, BY CITY & SEX, 1950-66—ALL CAUSES

PHIUAH S & £ CRMATN G 8 3 EEOMBE LS & T

Bl - 1EBY, 1950—681 — £7EE
Early Entrants (EE) Late  Test tex **
City Sex Year O/E* Exposed Rt A AT Entrants with P<0.05
il R 10 1) e g BMARE ——
a b c (LE) I 2 93
N ey T 1950-66 (0] 2924 2 2 124 707
O/E 1.01 0.41 0.37 0.97 0.97
M B 0] 1539 2 2 84 370
O/E 1.02 0.48 0.47 0.97 0.95
F & 0 1385 0 0 40 337
O/E 1.00 0.00 0.00 0.96 0.99
HEH T # 1954-66 (0] 7865 29 64 365 1840
O/E 1.02 0.89 0.80 0.83 096 + +
M % 0 4089 18 49 202 865
O/E 1.03 0.82 0.89 0.82 0.94 5 s
F % 0 3776 11 15 163 975
O/E 1.02 1.03 0.60 0.84 0.97 ¥
N E# T # 1950-54 0] 741 0 1 20 155
O/E 1.05 0.00 0.82 0.67 0.88 +
T &t T dt 1954-58 (6] 3357 6 28 117 778
O/E 1.03 0.52 1.05 0.67 0.94 i
1958-62 0 3274 15 20 174 843
O/E 1.00 1.15 0.72 0.93 1.02
1962-66 0 3417 10 17 178 771
O/E 1.03 0.76 0.56 0.91 094 4

Tab 01863, VI-H-E-1:6-0198

*Observed deaths standardized for age always, for dge and sex in city total apd for age, sex, and city in totals

for both cities.

MR L, THTEME2OTHTILCHEY, BHEHOBEHTE, EMs L CENZ2wT, Ml s &fa &t

Tk,

G, s LUTRRE 2 THIEL &

**The results of three of the five two-tailed tests performed are shoun here:
HRELESHOBMBED I LN Z2OREZZILFHL 2

I - Exposed ATB vs Total not in city ATB (EE+ LE) #i & RBIECH M0 L2280 EE+LE)

2 - Early entrants (EE) vus late entrants (LE) T AR #H(EE ) M A# & (LE)

3 - Early entrants classified as a vs other early entremts a BESLUAHi#H 2 0o Bl AfE



TABLE 89 OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS
& LATE ENTRANTS, BY CITY & SEX, 1950-66

ACCIDENTS, POISONING, & VIOLENCE
#89 BRMME, RUMATESLOCBRMAGEICET SHEOMENS & OB
ik - MR, 1950—66EE — T oA, L LURD

Early Entrants Late Test M **
City Sex Year O/E* Exposed L Entrants with P<0.05
s i e A 1 wRE . . e 10 Sl 5 ﬁ
N T 1950-66 0 175 0 0 6 52
O/E 099 0.00 0.00 0.77 1.10
M 0 114 0 0 4 38
O/E 097 0.00 0.00 0.66 1.19
F 0 61 0 0 2 14
O/E 1.02 0.00 0.00 1.16 0.90
H T 1954-66 0 515 3 3 20 124
O/E 1.03 1.70 0.70 0.72 0.94
M (0] 346 2 3 8 84
0O/E 1.04 1.46 0.92 0.41 0.97 +
F 0 169 1 0 12 40
O/E 1.01 250  0.00 1.43 0.879
N T 1950-54 (o] 44 0 0 1 16
O/E 0.95 0.00 0.00 0.47 1.30
T T 1954-58 o 246 0 2 7 47
O/E 1.08 0.00 1.17 0.56 079 + +
1958-62 0 195
O/E 0.97 3.17 0.73 0.84 1.13
1962-66 0] 205 1 0 9 52
O/E 1.02 1.54 0.00 0.82 0.98

o, %+ See Table 88. H83EI,
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TABLE 90 OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS
& LATE ENTRANTS, BY CITY & SEX, 1950-66—SUICIDE

#90 FIRBMEEE, PMATE L L CEBMATNE 0 3EC OME s & UM
fisifi - P9, 1950—66% — E i

Early Entrants Lat Test taE **
City Sex Year O/E* Exposed R A A En m: o5 With P<0.05
i i3 101 1) it Wik H . 5 = ROAKE | 2 3
N T 1950-66 (0] 72 0 0 2 22
O/E 0.98 0.00 0.00 0.66 154
M (8] 35 0 0 1 15
O/E 091 0.00 0.00 0.49 1.46
F (8] 37 0 0 1 7
O/E 1.07 0.00 0.00 1.03 0.76
H T 1954-66 0] 159 0 1 7 29
O/E 1.08 0.00 0.86 0.88 0.74 +
M 0 91 1] 1 4 16
O/E 1.08 0.00 1.22 0,80 0.73
F 0 68 0 0 3 13
O/E 1.08 0.00 0.00 1.02 0.74
N ik 1950-54 (6] 15 0 1] 1 6
0/E 0.89 0.00 0.00 1.45 1.39
T T 1954-58 (0] 101 0 0 3 12
O/E 1.16 0.00 0.00 0.65 0.51 ¥
1958-62 0 58 0 1 1 17
O/E 1.00 0.00 3.50 0.37 1.07
1962-66 (8] 57 0 0 4 16
O/E 0.98 0.00 0.00 1.30 1.04
Tab 01863, VI-H-E-1:6-92
«, ** See Table 88, HB3EIN.
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TABLE 91 OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS
& LATE ENTRANTS, BY CITY & SEX, 1950-66
ALL NATURAL CAUSES EXCEPT LEUKEMIA
£#01 R, DA EE L CEBEMAGEE C AU SE O TS LU
AT - HRE, 1960—66F — FILIF & B < 2R

Early Entrants Late Test maes
City Sex Year 0/E* Exposed WL AE Entrants With P<0.05
il 1 A it W R e e
a b ¢ mMATE [ 2 3
N T 1950-66 &) 2701 2 2 116 639
O/E 1.01 0.45 0.40 0.98 0.96 +
M 8] 1393 2 2 78 323
O(E 1.02 0.52 0.50 0.99 0.93 +
F (6] 1308 0 0 38 316
O/E 1.01 0.00 0.00 0.96 0.99
H T 1954-66 (0] 7271 26 61 342 1711
O/E 1.02 0.85 0.81 0.84 0.96 + +
M 0 3702 16 46 192 777
O/E 1.02 0.79 0.90 0.86 095  + +
F (0] 3569 10 15 150 934
O/E 1.02 0.98 0.63 0.81 0.98 +
N T 1950-54 (@] 673 0 1 18 127
O/E 1.06 0.00 0.91 0.68 0.81 +
T T 1954-58 0 3067 6 26 110 728
O/E 1.03 0.56 1.06 0.69 0.96 +
1958-62 O 3044 13 19 163 778
O/E 1.00 1.06 0.72 0.93 1.02
1962-66 (8] 3188 9 17 167 717
O/E 1,02 0.73 0.59 091 0.94 4 o

Tab 01863, VI-H-E-1:6-0182
v, =+ Sge Table 88, #RI%II,
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TABLE 92 OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS
& LATE ENTRANTS, BY CITY & SEX, 1950-66
INFECTIVE & PARASITIC DISEASES
#92 FEEIRE, PMATESLUBEBATE CcH 2T OMENs L U B EM.
M - FER, 1950—66% — (EiRE B & O t
Early Entrants Test b *#*
City Sex Yeur O/E* Exposed WA E Late o ih P<0.05
0 i 5 i i HiB 8 Entrants " —
a b c fmAtid 1 2 3
N T  1950-66 0 380 1 0 14 86
O/E 1.04 1.56 0.00 0.84 0.88
M 0 214 1 0 11 43
O/E 1.06 1.85 0.00 0.93 0.79 +
F 0 166 0 0 3 43
O/E 1.01 0.00 0.00 0.62 1.00
H T  1954-66 0 472 3 3 13 104
O/E 1.05 1.55 0.62 0.49 0.92 +
M 0 280 2 2 8 66
Q/E 1.04 1,33 0.55 0.47 1.00 +
F 0 192 1 1 5 38
0O/E 1.08 2.5t 0.83 0.51 0.80 4
N i B 1950-54 (6] 144 0 0 4 28
O/E 1.08 0.00 0.00 0.66 0.78
T T 1954-58 0 338 2 2 9 62
Ok 1.09 1,92 0.84 0.53 0.76 + +
1958-62 0 196 2 0 9 60
O/E 0.97 2.63 000  0.79 1.16
1962-66 0 174 0 1 5 40
OfE 1.05 0.00 0.70 0.52 0.95

*, **See Table 88, HB83LM,
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TABLE 93 OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS

& LATE ENTRANTS, BY CITY & SEX, 1950-66—LEUKEMIA
F2:93 EHRERE, RMARELSEFROAGTICZETIECOMNE b L O
Ml - PRSI, 1950—667 — Hiffs

Early Entrants b Test iz %#
City Sex Year O/E* Exposed AT & with P<0.05
M il FEY I} 1 He WwinE Entrants "~ °
a b ¢ emAadin 1 2 3
N T 1950-66 0 27 0 0 1 1
O/E 1.22 0.00 0.00 1.13 0.17 +
M 0 19 0 0 1 0
O/E 1.26 0.00 0.00 1.40 0.00 +
F (0] 8 0 0 0 1
O/E 1.16 0.00 0.00 0.00 0.53
H i i 1954-66 0 61 0 0 2 3
O/E 1.23 0.00 0.00 0.73 0.23 4+
M (4] 30 0 0 1 3
0/E 1.18 0.00 0.00 0.68 0.46 *
F 0 31 0 0 1 0
O/E 1.28 0.00 0.00 0.79 0.00 +
N T 1950-54 0 12 1] 0 0 0
O/E 1.33 0.00 0.00 0.00 0.00
T ] 195458 0 32 0 0 0 0
O/E 1.32 0.00 0.00 0.00 0.00 +
1958-62 Q 25 0 0 1 3
O/E 1.15 0.00 0.00 0.96 0.50
1962-66 (0] 19 0 0 2 1
O/E 1.14 0.00 0.00 2.13 0.23

*, ** See Table 88. #BSHI,
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TABLE 94 OBSERVED & EXPECTED DEATHS, EXPOSED, EARLY ENTRANTS
& LATE ENTRANTS, BY CITY & SEX, 1950-66

MALIGNANT NEOPLASMS EXCEPT LEUKEMIA

#94 IEMEBEE, FMATHE L URBATECHTSECOBENE & UHFEY:

A7 - R, 1950—666F — FH UM % B < BIERED

Early Entrants Test WE **
City Sex Year O/E* Exposed S0 A H Enl;fat:ls with P<0.05
Bl i £ 54 Lkl .4 ®ikE . b . A B ﬁ
N T 1950-66 0 402 0 1 26 117
O/E 0.96 0.00 117 1.31 1.10
M 0 211 0 1 20 63
0/E 0.95 0.00 161 1.48 1.08
F (0] 191 0 0 6 54
O/E 0.98 0.00 0.00 0.94 1.11
H T 1954-66 0 1518 2 17 71 322
O/E 1.04 0.29 0.99 0.81 091 +
M 0 778 1 13 40 155
O/E 1.04 0.21 1.13 0.84 0.90 +
F (8] 740 1 4 31 167
O/E 1.04 0.48 0.72 0.76 0.92 +
N T 1950-54 (6] 79 0 1 1 18
0/E 1.03 0.00 6.90 0.29 0.96
T T 1954-58 0 532 1 8 17 127
O/E 1.02 0.46 1.54 0.57 1.00 +
1958-62 (8] 621 0 5 40 133
O/E 1.03 0.00 0.84 1.09 0.90
1962-66 (8] 688 1 4 39 161
O/E 1.02 0.35 0.60 0.94 0.97

*, *=See Table 88. BRI,
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APPENDIX 1 :

SAMPLING IMPLICATIONS OF CERTAIN ASPECTS

OF ORIGINAL DESIGN OF MORTALITY SURVEY
181 : EHBAEORIOHEILS T YL TLEH EOME

Some of the compromises enforced by necessity
at the time the sample was being assembled might
have introduced some bias into the sampling, and
it seemed wise to examine the experience for
evidence that such had occurred. The choice of
the not-in-city sample as a comparison group
has been discussed in the text. Here consideration
is given to the honseki restriction and the way
it was applied, the piecemeal nature of the selection
process, and the requirement that Selection I
include a group known to have had acute radi-
ation symptoms.

Honseki Restriction

Change in honseki might be associated with the
risk of dying in the subsequent interval without
introducing any bias into the dose comparisons,
but the question draws its interest from the
fact that the average date of investigation for
eligibility was earlier for the most proximally
exposed than for the distally exposed. Such a
difference creates the possibility that the group
investigated later is smaller, relative to those in-
vestigated earlier, through the exclusion, from
the “proper part” of the mortality sample, of
those who have changed honseki, and their allo-
cation to the “reserve part.” Information on
the fact (but not the date) of change in honseki
has been routinely obtained in mortality checks
of the koseki since 1958. [If the sample of
survivors on 1 October 1960 is classified as to
change in honseki, and a mortality comparison
made of those who changed vs those who did
not, one would expect the former group to be
favored as to mortality, since some of the changes
occurred after 1 October 1960. The observed
experience bears out this expectation, but even
so the mortality advantage is only 13% of ex-
pectation in an age-sex- and city-standardized com-
parison. Moreover, the change in honseki is only
about 1% a year in this experience. Therefore,
although the date of honseki was closer to 1
October 1950 for the most proximally exposed,
and farthest from this date for the distally ex-
posed, any practical effect of this difference would
seem to have been small indeed.
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Although, as Ishida has suggested,® the reserve
part of the mortality sample may differ soci-
ologically from the proper part and such differ-
ences may have their correlates in mortality differ-
entials, in his analysis of the 1950-39 period
Ishida found very little evidence of systematic
differences between the proper and reserve parts
with respect to mortality. Although it would
appear, therefore, that the artificial honseki cri-
terion used in establishing the eligibility of the
reserve part of the sample probably introduced
little or no bias into the earlier distance and
dose comparisons, extension of the mortality
sample to include all reserve subjects within
2500 m ATB has effectively eliminated the sig-
nificance of the honseki restriction.

Mortality in Selections 1 and 11

Interest in the comparison of Selections I and
Il stems from the use of Selection I for the
AHS, and the possibility that selections made
at different times, on the basis of increasingly
complete field investigation, may contain a dispro-
portionate number of deaths, When Selection I
was made, the field investigations of the 195,000
survivors were 97% complete, and this may seem
to have been complete enough to dismiss the
problem. However, the comparison of interest
is not the 3% vs the 100% sample, but the
3% vs the mortality to that point, which was
about 7.8%. Thus, had all the 3% been unob-
tainable because they were dead, their exclusion
from Selection 1 would have been a matter of
grave importance for any study of mortality prior
to 1958. Nothing like this was actually involved,
but since individual records were not kept so
that one may now reconstruct the mortality of
the 3% outstanding in 1958, a comparison of
Selections 1 and Il seems indicated. With Selection
II the exposed portion of the sample became
99.1% complete.

Investigation of the problem was made by com-
paring subjects exposed at or beyond 1800 m
in Hiroshima and 2000 m in Nagasaki in Selection
I vs Selection Il as to mortality over time, with
attention to age, sex, and city. The analysis
assumes that the expectation of death in sur-
vivors beyond 1800 m in Hiroshima and 2000 m
in Nagasaki is umiform over distance, but of
course this may not be so. Differences in occu-
pation and economic status, if associated with
mortality, would confound the comparison of
Selection | and Selection II. Homogeneity of
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TABLE Al

OBSERVED & EXPECTED* DEATHS IN SELECTION | EXPOSED 1800+ m

IN HIROSHIMA & 2000+m IN NAGASAKI COMPARED WITH SELECTION I
SUBJECTS, BY CITY & YEAR OF DEATH

FA1 EHTI800mIE, FdFT22000mlETHEBL 28I Rt L S0 AMmbEECs05
FECOMBESE L CFHiFo Ly & - FECHEERN

Year of Hiroshima &8 Nagasaki 8%

Death o E O/E P 0 E O/E P
BEL iR 1T WeEEH ISk H WM%n  WiE s

1950-52 65 71.5 091 19 20.8 0.91

1952-54 69 70.7 0.98 19 20.8 0.91

1954-56 79 80.3 0.98 22 22.0 1.00

1956-58 89 85.9 1.04 21 22.6 0.93

1958-60 72 79.8 0.90 17 18.9 0.90

1960-62 81 839 0.97 20 20.7 0.97

1962-64 73 81.1 0.90 13 20.3 0.64

1964-66 68 93.3 0.73 <0.01 23 26.6 0.86

Total i it 596 646.5 0.92 <0.05 154 172.7 0.89

*Age- and sex- adjusted. FM & EUER oL THE

the two selection groups, therefore, would be
only somewhat reassuring, and nonhomogeneity
open to alternative explanations.

Two-year intervals were chosen as the shortest for
which a meaningful analysis of Nagasaki data
could be made. A summary of the findings
appears in Table Al, from which it appears that,
in each city, Selection I subjects (the AHS sample)
have a characteristically lower mortality, averaging
8% in Hiroshima and 11% in Nagasaki. If it
was easier for the field investigators to obtain
information on the living, and this is offered
as the explanation for the difference beiween
Selections 1 and II, it is hard to understand why
the difference should persist after the sample
was closed, into the 1962-66 period. And it is
in this period that the subjects of Selection I
are most favored in both cities. Whatever the
explanation, the difference is one that deserves
further study. It would be especially helpful
to examine the discrepancies of Table Al in
later years by means of tabulations that control
on such variables as distance ATB, occupation,
and other socioeconomic factors.

Do the differences of Table Al, point to problems
that limit inferences on the effects of radiation ?
So long as the entire ST100, or ST100 extended,
sample is used, such differences are largely irrele-
vant. For studying mortality prior to 1958,
Selection 1 is probably biased, but there is no
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information to suggest that its mortality advantage
would in any way depend on dose or interfere
with dose-specific comparisons.

Acute Radiation Symptoms and Selection of
Group 1, Selection I

If those with acute radiation symptoms died before
they could be investigated for eligibility, and
their history of symptoms could not be obtained,
the selection of group 1 (within 2000 m ATB
with acute radiation symptoms) would be corre-
spondingly affected. To investigate this possible
source of bias, an independent sample was sought
that would contain information on acute radi-
ation symptoms that was procured very soon
after the bombs. In 1961 the approximately
13,800 survey sheets of the Joint Commission
(JC)* recorded in 1945 were checked against
the ABCC Master File, and 7100 were identified
in a process believed to have been about 95%
accurate. ldentification in 1961 of course de-
pended upon the depth of invesligation ABCC
had made of the individuals on the JC list,
and does not provide an ideal basis for ex-
ploring the interrelations among acute symptoms,

TABLE A2
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RELATION BETWEEN MORTALITY STATUS & INCLUSION

IN GROUP | OR GROUP 2 AT SELECTION I, 1945 JC CASES
WITH ACUTE RADIATION SYMPTOMS

A2

SRR AAEIR ) & -5 7219457

P & [ 0 25 B it o) R PE O IR TE &

HEIARMIE I 38 1 s L FE 2 0 A KR

Proportion in Group 14 1 #1200 505

Mortality Status Total ' - -
R IR Cases Total Hiroshima Nagasaki
o L it 142 Jiy M i
Total &t 506 0.84 0.83 0.84
Died %= : 1950-54 9 0.78 1.00 0.71
1954-58 12 0.92 0.86 1.00
1958-66 27 0.89 0.93 0.85
Alive 1 Oct. 1966 458 0.83 0.81 0.84

1966 fF108 L B (2%

date of death, and likelihood of inclusion in
group 1. Nevertheless, if investigation of the
JC sample was to show that the probability of
inclusion in group 1 was low for those with
symptoms who died early, and high only for
those with symptoms who were alive in 1958,
one would argue that Selection 1 was biased
in regard to group 1. Absence of apparent bias
would be less conclusive because it would remain
possible that the early deaths in the JC sample
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could have been identified in the Master File only
if a thorough field investigation had, in fact,
been performed prior to 1961, which would have
been prior to 1958 in most instances. Table
A2 summarizes the results of the investigation.
Of 506 cases within 2000 m ATB, known to
have had acute radiation symptoms according to
1945 JC records, found in the Master File in
1961, and entering the sample in Seleciion I,
84% were placed in group 1, and 16% in group 2.
There is no evidence, in either city, that this
percentage depends on mortality prior to Se-
lection 1 in 1958,

APPENDIX 2:
1142 2 :

Sample Components

The importance of the JINIH-ABCC mortality
sample extends beyond the LSS, providing as
it does in Selection I the sampling base for
the AHS, in Selections I-I1I the base for most
autopsy studies, and in various forms the bases
for specific substudies. 1In all of these appli-
cations the distinctions among the ME200 sample
(Selection 1), the MEY portion of the STI100
sample (Selections I and III), and the Reserve
Part of the Master Sample, are of continuing
practical importance. It was felt that these inter-
ests would be served by making available system-
atic comparisons of the mortality of these three
components, especially for subjects exposed within
2500 m ATB. In making Selection [, emphasis
was placed on exposure within 2000 m and on
acute symptoms, and this group certainly received
more radiation than subjects in Selections [1 and
III. For example, in Hiroshima, the proportion
of ME200 cases among all ST100 cases rises
rapidly as the dose scale ascends, from 20% at
10-19 rad to about 90% above 600 rad. The
Reserve Part, on the other hand, was so designated
on the basis of honseki, and only a correlation
between honseki and proximity to the hypocenter
ATB could be expected to cause any deviation
from the ST100 distribution as to dose or distance.
Actually the differences are small, as may be
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TABLE A3

SURVIVORS EXPOSED WITHIN 2500 m BY T65 DOSE & SAMPLE COMPONENT

#A 3 2500m oo MEMEE : TESELAE - 38T U8 R A R 055 TR
Total it Component [£ 5 &
T65D ME200 MEY Reserve ¥ fii i
No. % No. % No. % No, %
Both Cities #i
09 rad 26476 49.3 1094 11.0 20463 594 4919 53.1
10-29 11061 20.6 1829 184 7533 219 1699 18.4
3049 3180 5.9 998 10.0 1743 3.1 439 4.7
50-99 3851 7.1 1313 132 1986 5.8 552 6.0
100+ 5615 10.5 3360 33.7 1402 4.1 853 9.2
Unknown 1] 3468 6.5 1366 13:7 1307 3.8 795 8.6
Total & it 53651 100.0 2960 100.0 34434 100.0 9257 100.0
Hiroshima 75}
0-9 22661 55.5 1001 14.6 17195 65.5 4465 574
10-29 8269 20.2 1567 22,9 5317 20.3 1385 17.8
30-49 2438 6.0 832 12:2 1247 4.8 359 4.6
50-99 2660 6.5 1020 14.9 1195 4.6 445 5.7
100+ 311e 7.6 1847 27.0 696 2.7 573 7.4
Unknown 18 1719 4.2 571 84 594 2.3 554 7.1
Total & it 40863 100.0 6838 100.0 26244 100.0 7781 100.0
Nagasaki 20
0-9 3815 298 93 3.0 3268 399 454 30.8
10-29 2792 21.8 262 8.4 2216 27.1 34 213
3049 742 5.8 166 53 496 6.1 80 54
5099 1191 9.3 293 9.4 791 9.7 107 T2
100+ 2499 19.5 1513 48.5 706 8.6 280 19.0
Unknown ¢ 1749 13.7 795 255 713 8.7 241 16.3
Total &1 12788 100.0 3122 100.0 8190 100.0 1476 100.0

seen from Table A3 in which these three com-
ponents are distributed by dose.

The role of radiation will not be explored here
except as differences in exposure distribution may
underlie differences in the mortality experience
of the three components. Accordingly, com-
parisons were first made without regard fo dose
or distance, but with adjustments for age, sex,
and city. Deaths were examined in four cause-of-
death groups: all causes, all natural causes except
leukemia, leukemia, and trauma, etc.

The total sample consists of 54,285 subjects
within 2500m ATB with 8636 deaths over lhe
16-year period, distributed as follows among the
three components:
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Component
W[ 5

ME200

MEY

Reserve Tii%
Total &t

Subjects Deaths

MR FECHS
9977 1415
34795 5970
9513 1251
54285 8636

The differences in age and sex are such that
direct comparison of the components as to mor-
tality, on the basis of these totals, is not useful.
There were 98 deaths from leukemia, 572 deaths
from accidental causes, and 7966 from all natural
causes except leukemia. The components are
compared as to observed and expected deaths
from all causes in Tables A4 and A5. In Table
A4 we see very litile evidence of variation among
the three components when attention is paid
to calendar time; there is a slight but insignificant
tendency toward higher mortality in the ME200
sample, and lower in the reserve. When the
data for the lb6-year period are examined by
sex and city (Table AS5), there are significant
differences for Hiroshima males and WNagasaki
females, bul they are of opposite direction,
Examination of the city-sex data in the separate
4-year intervals does not illuminate the discrepancy
seen for Hiroshima males, but does indicate that
the variation among components for Nagasaki
females is clearest in 1950-54 and 1954-58, after
which it disappears. That is, the O/E ratio of
1.23 for Nagasaki females in the reserve group
in the entire l6-year period resolves into the
following ratios by 4-year periods:

Fllgd & MR It 2R H 528, 20 RET
WTIBOHECEFFEELBR T ZEIERNEL.
M5 1c & 5P F 139810, WEIEIE 572 Ml & & U il
LI £\IELTION T H 24, HAL B LU HAS T
I, EBI bR LIHCEFOMENL LM
Rl -, BA4 TR, MEHIZATIBMCIE
CAYEREESD SN L ME 20 TRIEC
EHBCEYN, THWHTEE Z28mH»¥bF 1288
sMsauFhbtHRETE 2. 16FEMO&E# & 1EW &
EOMH IR L AMA (EAS), BROBELL Y
B - HBEEEHNWS s 50,
MoHmTHs, ZOMEMNS LOENORRE 4 L2
EOFMEB TS L, BROREICEMsh %
P2 TEHRZHL RIS L0, EMoriitd
3 BRI 2SR 1L 1950— B44F ¢ & (V1954 —B8IE 12 £ 00 T it
LHFETHD, TOMRICBERNFELLTVLS. 20,
THiBEIHB L T EMO LETIE, 1650 MMz
T2REHNLMER:OREL.BTHEHN, AIEZ L
LEBEOHEBRROLENTHS:

FTORITH W

Year
il

O/E
14

1950-54
1954-58
1958-62
1962-66

Total &if

1.60
1.47
1.10
0.86
1.23

Summaries like those of Tables A4 and A5 were
also made by age ATB, and these showed rather
more consistent heterogeneity in one age-group,
those under 10 ATB (Table A6). Some, but not
all, of the discrepancy is from leukemia. There
were seven leukemia deaths in the ME200 sample
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TABLE A4 OBSERVED & EXPECTED DEATHS FROM ALL CAUSES SURVIVORS
WITHIN 2500 m BY SAMPLE COMPONENT, HIROSHIMA & NAGASAKI, 1950-66

#AL BUmEROBEBE LTS E2EBACEIECOMEN S L O
WA NN BN, RSB & RN, 1950—66%

Testt O/E
Year Deaths O/E & i
ol L& i
A B ME200 MEY Reserve 7 &t
1950-66 8636 0 1415 5970 1251
E 1394 5954 1288
O/E - - 1.02 1.00 0.97
1950-54 1999 O/E - - 0.99 1.01 0.95
1954-58 2171 OJ/E - - 1.04 1.00 0.95
1958-62 2165 O/E - - 097 1.00 1.03
1962-66 2301 O/E Sug — 1.04 1.01 0.90

Tab 01863, [I-A-4-0198-A
Y Test A is on the bomogeneity of all three components, B on ME200 vs MEY.
EEAL, =20WMRETHOT<TOHRECMTaEE, T4obhs, BEZowTOME 200 HME Y.
*p<0.05, **P<0.01, Sugg 0.10>P>0.05

TABLE A5 OBSERVED & EXPECTED DEATHS FROM ALL CAUSES SURVIVORS
WITHIN 2500 m BY SAMPLE COMPONENT, CITY, & SEX, 1950-66
FZEAS 2500mEMOWEE CHITS ETERI L STEC MY S LU
W IE R o B - ABFR - 151, 1950—66F

Test O/E
City Sex Deaths e it
it : 1
o " FERC A B ME200 MEY  Reserve FHIMF
H ks M # 3446 & = 1.05 1.01 0.92
N o M % 1018 = == 0.98 1.01 0.96
T & M® 4464 . - 1.03 1.01 0.93
H L& F % 3194 - - 1.02 1.00 0.98
N &4 F « 978 * = 0.91 0.99 1.23
T &t F & 4172 - - 1.00 1.00 1.02
HESR T @t 6640 * - 1.04 1.00 0.95
N fes T ¥ 1996 - - 0.95 1.00 1.07
TSee Table Aj. HA 4 B, Tab 01863, 11-A-4-0198-B
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TABLE A6

OBSERVED & EXPECTED DEATHS FROM ALL CAUSES, SURVIVORS WITHIN 2500 m

UNDER 10 YEARS OF AGE ATB, BY COMPONENT, HIROSHIMA & NAGASAKI-1950-66

A6 FESFEMIERBOSUm ZHERSH 2L 5 £HICE SECOBE NS L UMiFL:
FAE MR B, R s LU BE, 1950664
Test ! O/E
Year Deaths O/E [ 5 f
i L H
A B ME200 MEY Reserve T fii &
1950-66 181 0 -~ 28 125 28
E - 16.3 138.1 26.6

O/E % e 1.72 0.90 1.05
1950-54 50 O/E Sug ® 1.99 0.87 1.08
1954-58 42 OJE — - 1.51 0.90 1.18
1958-62 50 O/E Sug ® 2.10 0.89 0.92
1962-66 39 O/E - - 1.17 0.97 1.07

tSee Table A4, # A4 B,

under age 10 ATB in comparison with about
two expected, but the overall discrepancy in Table
A6 is about 12 deaths.

Leukemia deaths were not examined in the same
detail, but observed and expected (age-adjusted)
totals for the three components are:

Tab 01863, 1I-A-4-0198 (AGE)

LHEVWTAMMAIZEZTECHN TH S - 20123 L HiF
HIBSI2THh oA, LAL, RAGIHTIECHED
ERIEIM2THS.

Pz ESHEEIz20TIE, FBOBEIE S
Mz 3 Lo 2, 3BEIZE S MY e & %8y
(M AIEL 2L LOFHERDEENTH S

Component E O/E
Hi [ 5 IR i & i1
ME200 42 I 5 24
MEY 36 63.1 0.6
Reserve 7 fii &F 20 17.0 1.2
Total &t 98 97.8 1.0

These differences are in line with the differences
in the components with respect to distribution
by dose and distance. The Reserve Part looks
rather like the other components combined, and
the greater exposure of the ME200 sample is
obvious in this most sensitive of all indices of
radiation damage.

Deaths from all natural causes except leukemia
are summarized in Tables A7 and AS8. The
ME200 and MEY components differ very little
in these comparisons, but the discrepancies noted
for Hiroshima males and Nagasaki females in the
analyses of deaths from all causes are seen again.
In the analysis by age any discrepancies are,
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MoO#FERE—FL TS, TMEHIMLD 200 &
LEd@meara DM LTED, ME 200 & &8 A
bESOEBMEZHTOSZ LW, MEtaEE T
HHEMEO S s TROEEOHO ZOHBEEC VTS

TH3.

AMiEa2E EHMECLLESECHEE: BATHLUEAS
2EdWi. ZhsnkRIzRL ERSTIE, ME 200 &
MEY tOEIIZIZIZ L AXZERNIEH N ELH, £IEHE
LESHEBEORM-HFPVWTEBOBIEL Mo kL
Oz 2ZRF - TLRBO5 L. EHBWOR
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TABLE A7 OBSERVED & EXPECTED DEATHS FROM ALL NATURAL CAUSES
EXCEPT LEUKEMIA, SURVIVORS WITHIN 2500 m BY SAMPLE COMPONENT,
HIROSHIMA & NAGASAKI, 1950-66
#AT B0mEHEOEBREI ML SR L A 0BRE e L U
B IEEIM X B, BB E L U EMW, 1950—664F

Test i 0/
Year Deaths O/E i H
1 iy i H
A B ME200 MEY Reserve 7 i ff
1950-66 7966 (0] - 1267 5584 1115
E - 1273 5520 1173
O/E ® = 1.00 1.01 0.95
1950-54 1822 O/E Sug - 0.95 1.03 0.91
1954-58 1989 O/E - - 1.02 1.01 0.92
1958-62 2010 O/E = - 0.97 1.00 1.03
1962-66 2145 O/E Sug - 1.01 1.02 0.89
i See Table Ag. A4 E, Tab 01863, [1-A-4-0182 (ex. 24)-A

TABLE A8 OBSERVED & EXPECTED DEATHS FROM ALL NATURAL CAUSES
EXCEPT LEUKEMIA, SURVIVORS WITHIN 2500 m
BY COMPONENT, CITY, & SEX, 1950-66
FA 8 2500mRil IRF Iz 8+ 2 BIAE & g { 2RAEIZ L ST OB Hd OB R R
P R B - TR - ER, 1950—66

Testt Q/E
City Sex Deaths bk 1
Hali 131 TEL
A B ME200 MEY Reserve F [if ¥
H M 3112 w4 = 1.02 1.02 0.89
N M 928 — - 0.98 1.01 0.96
) M 4040 % = 1.01 1.02 0.90
H F 3000 - - 1.01 1.00 0.97
N F 926 * - 0.88 1.00 1.20
T F 3926 - - 0.98 1.00 1.01
H T 6112 ok - 1.02 1.01 0.93
N T 1854 - - 0.94 1.00 1.07
1 See Table Ad. A J BH, Tab 01863, 11-A-4-0182 (ex. 24)-B

146



again, rather concentrated in subjects under age
10 ATB, O/E ratios for the 16-year period being
as follows:

ENIERL THY, 16
HERoLbsNThHa:

M) e o0 BRZE B & W) PR 8 L

Component O E O/E

Hi 12 il A I8 3 H
ME200 15 8.26 1.82
MEY 61 66.4 0.92
Reserve i it 11 12.3 0.89
Total &t 87 87 1.00

The three components differ at the 0.05 level
and the test of ME200 vs MEY gives a proba-
bility of 0.02 or less.

Deaths from accidental causes and the like are
examined in Tables A9 and A10. There is some
suggestion that traumatic deaths were more preva-
lent in the Reserve Part than in the other com-
ponents in the early years of the experience,
but the differences involve numbers too small
to be particularly impressive,

Proximally exposed survivors in the sample com-
ponents differ as to mortality, but perhaps less
than might have been expected in view of their
wide differences in distribution by dose. The
ME200 sample, in accordance with its purpose,
is the most divergent, and yet its excess mor-

tality is not large. only 21 deaths above the
expected 1394 at the level of all causes, a
TABLE A9

EOoOMMESFTEMICIE 050 k#ETENHY, ME

200 MEY @ frETid, BEEIL RUTTHS.

WrEa LMz LS #A 0 LT EHAL0 2T
RAEEM M O Iz 0T, FMI8E IS 4013 S YHIRIAE
AOBEINLEnL I bamBd SEmMALL S
MEHENSH, APRFLE LG, ZOERIIFCAME

L.

fItH sV IEETHELE N

@G

ERORTEC B S UIMEERE OECS LS

o, Taggitsfio ks sEZRo il 5 L T,
FRsN S Wiz asvivisdpt Lz, ME

0B WRERBCSR L TVaY, ECEORA
BERIEEREL L TR BT MEE N 139
LN LBRCHEAAMMEZ T ELEnFEETH Y,

ZAE

OBSERVED & EXPECTED DEATHS FROM ACCIDENTS ETC.,, SURVIVORS

WITHIN 2500 m BY SAMPLE COMPONENT, HIROSHIMA & NAGASAKI, 1950-66

#A9 2500mFMOMREICH TS TEOPGOEID L SECO M S L U
PR E B, RS E L U EM, 1050—0665
Test | O/E
Year Deaths O/E ot st
L L L8 ;
A B ME200 MEY Reserve 7 fil #f
1950-66 572 0 106 350 116
E 102 371 98.2
O/E Sug — 1.04 0.94 1.18
1950-54 143 O/E - - 0.93 0.92 1.38
1954-58 156 O/E - - 1.01 0.93 1.26
1958-62 134 O/E - - 0.87 1.02 1.08
1962-66 139 O/E - Sug 1.32 0.91 0.99

T See Table Ag. A 42U
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TABLE Al10

OBSERVED & EXPECTED DEATHS FROM ACCIDENTS ETC., SURVIVORS

WITHIN 2500 m BY COMPONENT, CITY & SEX, 1950-66
FZAWD BmAR@OBRBE I A3TEOBRFCLSHETORES & & M F
R B - & - MBI, 1950—66%F

Test t 0O/E
City Sex Deaths 1aE i3
fih M EC#
B ME200 MEY Reserve TMR#

H M 297 - - 1.11 091 1.21
N M 72 - - 0.80 1.13 0.76
T M 369 - - 1.03 0.95 1.14
H F 157 - - 1.01 0.94 1.22
N F 46 - - 1.18 0.88 1.49
i E 203 - - 1.05 0.92 1.26
H y ¢ 454 * - 1.07 0.92 1.21
N T 118 - - 0.92 1.02 1.01

1See Table A4. &A 421,

number that approximates the excess attributable
to leukemia. The disadvantage of the ME200
subjects is most marked in those under age 10
ATB. Mortality in the Reserve Parl is a little
low, about 3% below expectation at the level
of all causes. Leukemia distinguishes the com-
ponent groups most sharply, as would be expected
from the dose distributions. For all natural causes
the only discrepancy is the low mortality of
the Reserve Part, about 95% of expectation.
Traumatic deaths are not remarkable, but do
seem a little more frequent in the Reserve Part.

APPENDIX 3:

Tab 01863, 11-A-4-8398-B

HMFEIZ£2RCH #ORNZECHTHS. ME 200
HRFOISTHR L IECE OO LGN E i 4108
FMOTETH-4. THHOECEELTHIZMES, &
FEE Iz 20T &3 & ML D3 %080, HE A
HFEENS L LD, SHREMT RN ARG NG 4 2E A
TLTVS., EWMELEMT IRV TALNENE—
DENE, TFHBOFECHRIE»0LZLTHHT, WfF
BoB%TH k. WEFEIXHMF T LN, TWEEC
FOThiTPIZEnEITHS.

METHODOLOGY OF CONTINGENCY TABLE ANALYSES

152 3 : HEROEIRE

The results discussed in this report are, for the
most part, expressed numerically in terms of
observed and expected deaths from specified causes,
over specified time periods, for various exposure
classes among sample subgroups defined in the
terms of sex, city, and age ATB. Tests defined
in terms of these numbers purport to test the
null hypothesis of homogeneity of mortality among
exposure classes against particular alternatives, such
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as an increasing trend in mortality with estimated
radiation dose. The analysis can be briefly de-
scribed in two parts : the construction of summary
contingency tables, adjusted for the effect of age
and, sometimes, city and sex on between-class
mortality differences; and the expression of the
sample variation within each such contingency
table by means of a set of orthogonal linear
conltrasts, The technique of constructing summary
contingency tables is that of Mantel and
Haenszel.****'  The technique of breaking down
sums of squares into orthogonal contrasts for
test purposes is well known, and has been dis-
cussed for simple contingency tables by Cochran.*?
To our knowledge, however, applications to the
Mantel-Haenszel type of table have not been
discussed previously.

Contingency Table Construction

The basic tables are 2 X J, the rows corresponding
to those sample members alive at the beginning
of the specified time period who did or did not
die of the specified cause during the period,
and the columns to an exposure or exposure-related
classification of the sample, The T and D tables*
are defined on the exposed portion of the sample
only; the T tables have one class for exposed
persons for whom no dose estimate has been
possible, and four classes defined on dose esti-
mates, while the D tables have four classes
defined by distance from the hypocenter ATB.
The E tables* have one class for exposed sample
members, one for late-entry cases, and three for
early-entry cases, defined according to date and
extent of earliest entry into Hiroshima or Nagasaki.

For each comparison, separate simple 2 X J con-
tingency tables were constructed for each of the
32 elements of a partition of the sample by
sex, city, and age ATB. This allowed testing
of the null hypothesis of homogeneity among
classes within partition elements, which could be
assumed to be reasonably homogeneous with re-
spect to factors related to age, city, and sex,
and it avoided confounding due to possible re-
lationships between these factors and the exposure
factors. Any such table, corresponding to the

VILIERFDBEEFTEIZLFANTH-L. 2
DRITEO KBS — Sz THMTE23.
Y, FHBBMOB I LT, EHROEBEL R
TR R MR U 288 & il & MEa L, KL,
GallZEOBFENERLLTOSHIEEGZMVTT
LA, a7 £ofEkiE, Mantel # £ ¥ Haenszel
BELCEWTREINcEZEE &

2hERE{MeNTEY, WHE T ELZET SWH

TaEbht,

Hikh S SRk

iZ2owTit, Cochran @B L TS, LAL, bl
HIOmAED T2, Mantel-Haenszel 7RI EZFER - &

FalBHIZ 20T oM EL 0,

SEFOIEE

A FEEEZ2ZXITED, FI23, BEHNOM
HERFICEFL TOANBRERENA® Y 5, ZO WD
hHABEOEBCHEEL AT VREEL &A1
BAEFL, B, TORBRMEEOMERGTES S 0N
EMELASHERY. TRHE LD E L, HRHho
BBEOS Iz TRBEL . T#T, ®
BEEMBEEERNVAFTE LY L8O I EH LA
fEEM 3D 4t 128 L, —~F, DETIE,
MELWIBIHREICIE T ARERIZGML 2. EE YT,
SRR ERRE O LR, REATEO 1EHR,
S ATHH T - ERATAI IO A RO FEH
LAEANTREE T VT O IR ML L.

T4h G,

Thd

MBEEME, ML & ORI ER L - TROE I

F1t, BEGORBCECTIE, Wil 2X I 9EH %L
fERE L 2. ZogEETi, &8, Bl EUHECME

LEABET-AERMIBREC s EETIZEIZE
T, EEHREAOBRAECSToMEREFEET S 2L
x5, LT, COMOBT EERETEOM:

=

*See under “"Methodology'" for descriptions of the T, D, and E tables; T tables refer to these utilizing T65
dose, D tables, distance, and E tables, the distinction between those in the city, and those not in the city,

ATB.

T, DBLFEROEBEI>UTE, $UNBEFE|OA& M, THETOHRES, DEGESS, £2EREBIEC
HREOABEANEU IS o e NEMEZNTHHBLALOTS 5.
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ith partition element say, can be described com-
pletely in terms of the column marginals 21 e
m;; and the corresponding numbers of deaths
Xjls s Xjy. A statistical model appropriate to
the infinite inference universe of hypothetical indi-
viduals exposed to A-bomb radiation, as opposed
to the finite inference universe of Hiroshima and
Nagasaki (for which the model does not hold)
is to view each sample member as an individual
randomly chosen from an infinite population corre-
sponding to his age, city, sex, and exposure
classification. Thus, the observed frequency x
can be considered a sample value of a hmomia]f,l
variate Xjj with sample size mj; and binomial
probability py. The null hypothesis of homo-
geneity then becomes one of equality among
the Pij for fixed i: pij=pi.,j=l,...,].

If this null hypothesis holds, then the sum

Xj+=ZXj is also binomial, with sample size
]

mj4=% mjj, and probability pj., and the joint
]

conditional distribution of Xj|,

sig XU given X4+
= Xj+ is given by

(1)

The conditional distribution (1) is independent
of pj., and the conditional expected values are
given by

(2)

and the conditional covariance matrix by $i=[alik s
where

(3)

ojif()=c°v{xij,xik

and where 8;x=1 if j=k, and is zero otherwise.
Note that ail rows and columns of ¥i sum to
zero, so that %! is singular of rank J—1.

If 1=/ildenotes a subset of the integers 1I,..,
32 (in practice those indices corresponding to
all partition elements within a single city and
sex, or a single city or sex, or the whole set)
and we set X4j= E X then we have

EX+j=i§I

and the covariance matrix for X4, ...,
matrix sum

Xyj is the

i=

P{ Xi1 = Xils veo in = Xjj

FEFTIHBEI LRI LHFTES. 2EZE, i
THOES WGt s Zof@ogiiEL, SloE:ls:
y M ) BEFENEHIBTEECE M (x,,

G EHOTEEZCHERTEZS. GE Lokitso
JRIRAER S I B S S A MM E T L & LTI,
B RO ERBEFRORGLEREEZV (20 E,
IOETHMELTERESZV), EARERKEIE, Th
FTNOER, BF, s UVBERTHEICHET 5 BRE
BEHA MM EESMBENALZEZT. LEdS
T, MEEH 1L, NRBOKEEm; 28+ 5 20T
-&xni5'$U'%t”2’ﬁﬁ‘§$|=-.iwf3$~ﬁ‘.€i6:};#”{'
25, 220, ie@E+E, BRECHT M ER

1m“, =

HEp; OMAEL DEVIZLZES, THhb p,;=
P,y j=1|"" T
COMERBIRETSHBE, EEOKEEm, = ij
#42T, ':C’J.FII}LH_—EiX b 2mETES P;. T Hh3.
Fh —FEOX,= x|+UJt,¢E.., X, » .‘Ji_ e
SEFHERAFFHREEOLENTHS.
mzl) _(mi])

i } X1 "1_1

+ = Xj+

i+ = X (rn1+)

Xit

BUFESH QR p it LTHIELTHY, HEETE

FEIE R TEZoN 5.

E{ X |Xia = e p = migee/mie

$ 2, Rt eanTHE 3= (o) To5. ~
=L,

Xip(Mi—Xiy)  mj (3
Ill1+—l my ml+

L, j—km}%n. ajk=1‘(}‘” TOlEHrEE
uThs. P otaTtoffroiitoizzsnt,
2 ’iFEEEtJ—lf')HFL_ﬂ'JL.ﬁE:J:I :1";‘5*‘4;_‘,.

=\litTahif, chug#Hl, -, oErkss
TV (ERFCR, chonfafu—Fofdi & & U E,
haruvli—Homit, —HOM, ik, TOERER
OFRTOFHRGFIERBTS). X;=LX, ¢®@i

F, KRELABsN 3,

L {Xij ‘ Xi+=xi+}
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Th3.

T ¥
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Hypothesis Tests: General Method

According to the Central Limit Theorem the
random variables X.: can usually be assumed
to be approximately normal in the present applica-
tion, even when not all the variables Xj; can
safely be assumed to be normal. Thus, the
analysis of a summary contingency table as here
defined can be stated in terms of the (approxi-
mately) multivariate normal random vector

Y = (X4 — BX4p, o

which has, under the null hypothesis of homo-
geneity within the relevant age-city-sex partition
elements, and conditional on the marginal frequen-
cies of the simple contingency tables, mean vector
zero and covariance $ Therefore, according to
a well-known theorem by Rao,™ the quadratic

IRAARTE : — MY AE

EHX NERTH S ERELBOHETE, L
FREEFRIZ L4, S0, WAL AL IZE0TiE, s
ER X WIEMMICIERTE S ERETES. LA

T, SITERLAE GG EZ-2OTORKE, OGF
i) 2 REMMESREA7 o

X4y — EXyp)’
AMOTRRTES, ST, HUOEM - Wl - Myl
D IR OB T AR ERED L £ T, Ao

Bk sl O BL &R ST,
Lt 3 T8 5.

WAy bR E O,

L#z#=T, RaoV D ff Bz

form LhE, 2K
(4) Y'3eY,
where Y€ is any J X J matrix such that EEL, FEAROEIGEIXIFHITHS,
) 13ey =2t
and # LU
6  1EPgE=3e,

has approximately a chi-square distribution with J—1
degrees of freedom, under the null hypothesis
and conditional on the several sets of marginals,

If the summary table is actually a simple table,
that is, if the index set | contains only one
integer, expression (4) reduces fo the usual chi-
square expression for a simple table:

(7

BRI

where the summation is over all 2J cells. However,
the relationship between the expected values and
covariances for simple tables that gives this
equivalence does not hold for summary tables
in general, so that (7) cannot be used to obtain
(4). Arrnil‘.agf:‘“I has discussed this problem in
greater detail with respect to 2 X 2 tables, giving
correction formulas,

A test of homogeneity based on (4) alone is
nonspecific, and may provide less than optimal
power against interesting and credible alternatives,
such as a ftendency for mortality to increase

S0 2 MERIE, MEEROL &T, o N o Rk
ST, BHEI—1®oh { 2EGMmIZER A4S,

i

BEEVERECMELETHELEE, Thabt, EHE
Gl 1A0EEOATHEE, & @), iz s
estdaMmo {2 E0BERCHNTES.

T

T,

X* = £(Observed — Expected)? /Expected,

HE Fie FE HATRIE #

EREL, iR ZIRS 2B
HEOBGICZOLIGENFEL S MFENL
OO MERE, —RoGEFEOIGEIZERLL
T aHOT WERHEZLETERD.
2XZFEZOVTZIOMMEFMIZRHL, EER& 607

Ll WiHss
L 5p il
T,
Armitage "' |3,

Twva.

M) &Iz oz, BRELOTELL,

AROBME L L ZHEEREFLERT A2 003 &3
HAEETNESEMM L T, MEAEAL DS



with increasing dose, while being unnecessarily
powerful against less interesting alternatives, such
as a tendency for mortality to oscillate between
adjacent dose classes.

One way of obtaining a test of increased sensi-
tivity to a particular kind of nonhomogeneity
is to express (4) as the sum of squares of J-1
independent unit normal (under the null hypothesis)
variates defined in such a way that the variability
to be expected according to the particular al-
ternative at hand will be manifested mainly in
a large or extreme value of a particular one
of these normal statistics. Sometimes, depending
on how the table classes are defined, more than
one such alternative can be handled by making
different normal statistics correspond to different
alternative hypotheses. Briefly, this may be done
by choosing a basis for the vector space in
which Y is free to vary, each basis vector cor-
responding to a different alternative, and then
separately projecting Y onto each of these vectors.
The regression estimates so obtained are then
orthogonalized in an order determined by
heirarchical relationships (e.g., of importance)
obtaining among the respective alternative hy-
potheses, and scaled to have unit variance. The
details of this method are given below.

If ey,.., 85 | are the chosen basis vectors, then
given a generalized inverse tg satisfying (5) and
(6) with respect to ¥, and such that

(8)

for k=1, ..., J—1, the regression estimate
)

is the minimum variance unbiased linear (Gauss
-Markov) estimate of the regression coefficient
ag, corresponding to the model EY =age . ®
Under the null hypothesis of homogeneity, and
assuming normality, the estimates Ay, .., Aj_i
are jointly multivariate normal with zero means
and covariances

SATHA. —H, BETHIEREyOMTECEY E
Frafmd@Psrstnisis, MOEDEL IR
HowuToOREWILCELECH RS2 2H8 3.

BEOH MO EHEECZSOTRED LD o kE %
TEIEOHIIR], KOLIZHENES., T2hb, R
4) % (MERFOLLT)I-1EOE T ERTE R
DFHAELTHEOTZLTHN, TORF, HFEOL
o s & THFEE T, ZnsmERERO
HEOEIROBNKEVS, F3VUHERARAEES
LIihEENSG. B SEBHROEROLEFIZLE -
T, BE-AENEARERT - 2 MR 2
g, el ko liEe ) Lifaz 2T s
S, ZOHEFMBEIZHRHAE, YERMICEN 5
X7 bLEMESESDL, FNFhoEE<7 i, R
ZokuBRBIdETSL0THEY, £4, YEES
r NV EIZHETS. CoEICLTESNAEREE
>0 TIE, 0 FhorREMOR MM EF
Bhb, TOEEE) 2R TEESLZMIICRES
THX{EETEy, Lab, Bsfig 285203,
ZoHEORME, TEOLENTHS.

BALZESRZ L EZTNFNe, vy g,
LTEICMULTRIGE 6 i+ —0%(k L 28§75
225215551, k=1, +», J—=11z8L T

(L. &

L

1Peey =ex

A=

2% 3 k5 2EMEER, Tabs,
e 38Y

&, EFLEY =a, e, 2S5+ 2@ Eda, OR D5
T @SR ( Gauss-Markov JHEEWM &4 5.% BHKE
OpEREOL LT, EREEFRELAEE, el
Ay, oy Ay 13, PO, s b RIIER
sxitTHS.

Cov(Ag.Ap) =38,

If we define

Bi=Ay,

ki,

By = Ay — [Cov(A;, By)/Var(By)] By,

152



By 1=43_1~- [CO\P(AJ_I,BI);’Var(Bl)]Bl = — [Cov(Ay_y,By_3)

/Var(By_5)]By_»,

the statistics Bj,.., Bj_j are uncorrelated, HHRB,, -, B, 3EHEMTH3. &5, By lik
Furthermore, _Bk is th? Gauss?Markov estimate DELEBETNL (- #5135 B G b, ® Gauss-Markov
of the regression coefficient by in the orthogonal o B
regression model BERTS 5.

EY =bje} +..4+by_1€]

defined by setting iy,

ef1=ey_y - @) $BeileidEeiie] - ..
—(ej_1 geeT_2/eT 28] 5)ef 5.
The normal (0, 1) statistics are obtained by scaling, EHO0, 1) RATROAE NS,

Zy = By /(Var By )",

and we then have ToTRIELENS.

148y = o2 2
Yy =27+..+2%_,.

The generalized universe ¥ was obtained by L L AR SR RO S ENE & - Tk & h .
partitioning
S
$= {—|-—1 ;
uwlo
where S is a nonsingular matrix of size J—I, L. SEKkEEJ-10EMTH, vidkEzl—1
u a vector of size J—1, and ¢ a scalar. It N7, 632D FTTH3. XKOZLEEBICEW
can easily be verified that TE 5.
s o
38 = l—l—]
ol o
where 0 is a vector of zeros, satisfies (5), (6), EL, 0B¥aOXZ PLT, (5), 6) HLET (B X%
. (B WEx¢s.

The observed and expected frequencies X4j and
EX4; can be expected to be approximately pro- BRI E Xy, & MR EX (2R G at
portional to the marginal sums

mg: = Z mji,
Vet
so a convenient representation of the basis vectors IGEREICEBT 30T, BFAZN7 FLEANLD
is LRTEERNTS 3.
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ex =W (g + L),

where N is the diagonal matrix whose jth diagonal
element is myj, 1 is the size J vector of ones
and cp is a scalar chosen so that 1’ ek =0.
€k is an arbitrary vector chosen to correspond to
a particular alternative hypothesis.

The method outlined above applies to all summary
tables, but in fact, was employed only for the
four separate city-sex summary tables for each
comparison. Because it was computationally easier
and because, being based on more detailed infor-
mation, it gave more accurate regression estimates,
the statistics for the combined cities within sex,
combined sexes within city, and total tables were
computed from those obtained for the four
city-sex tables. For example, let By, ..., By_|
be the orthogonalized regression estimates for the
Hiroshima Male table in a given comparison, and
let Cy,.., Cy_y be the corresponding values for
the Nagasaki Male table. The values for the
Total Male table were obtained by setting

AEL, N2 i FHOHATHm

5 1 X
mlmk%élﬁﬁhk.quf e, =01%3E31:
BALZATTHS. e, BH5BEOHLREIZMIEH

AL TITBEBALITEENY PLTHS.

ki, TXTO8ETHBIERT 2 3,
iR, SEEBETa a2 THE -
BRETHERIZOZAHVE,

e
HEHOM- 0
HAEAEBTHAIZLE, &
DM REAFIATE S0 CEBIEEN V- £ I E
fEIZA & & IHAT, M- EllollooERIZ20T
FbohiEHEHREAVWTBEREFAFNIZOVLTOHT
i, EHCHU SR EAEHELUVEHBIIHT S
E#dEL A ilE, »EBEIBEVWTERBORIE
DF AL THEELL OB HEEMSEB,, -, B, &
Ly —%, BiOBEO R LTIEC,, =, Ci_j&
TihE, BfogEH#OEEIIRR 5K 5N 3.

F b

f— L

_ Var(Cy ) By + Var(By)Cy

Var(By ) + Var(Cy)

and then defining test statistics

IOEEOMERHRLKOLICERL 2.

2y = Dy [(Var(Dy) ).

The assumption that the test statistics Z are
approximately normally distributed under the null
hypothesis is based on an asymptotic argument,
and it is questionable whether this argument can
be stretched to cover tables in which some of
the expected cell frequencies are extremely small.
For such tables the reported p-values for the
test statistics, as computed under the assumption
of normality, may not be an accurate approxi-
mation of the true probability of obtaining, in
the absence of any departure from homogeneity,
a value of the test statistic as extreme as the
value observed.

In the present study summary tables with small
expected frequencies occurred, mostly in tables
defined for a single city-sex group. Since one
would usually be reluctant to draw stray con-
clusions from an apparent deviation from homo-
geneity that occurred in only one city-sex group,
the risk of drawing false inferences from a spuri-
ously extreme p-value obtained for such a table
would seem to be small. On the other hand,
if the same deviation occurs in other tables it
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will probably show up in one of the combined
city or combined sex tables, which are much
less likely to have small expected cell frequencies.

Hypotheses, Basis Vectors, and Tests

Alternative hypotheses of particular interest with
respect to the T tables were (i) that a difference
in mortality existed between the unknown- and
known-dose classes; and (ii) that among the
known-dose classes, mortality increased with in-
creasing dose. Because of the natural heirarchy
of these two alternatives, it was decided to let
€ correspond to (i), € to (i), and €3 to
residual quadratic mortality trend with dose and
€4 to residual variation. The known-dose classes
were each characterized by the median dose over
all ages, cities, and sexes within the class. The
vector components appear in Table All.

TABLE All

REGHLAECIEFIS{BbNEZLOLEDLN,
Waimik, MEHEES RGBS STREMEIR D .

0

&, BEXAT FLELIUBEE

TEDHEIZE, XOMIERICHCMOALESRE,
(1) FREAE & SRR & DX SIS FECHD 2 NE 5.
(il ) RO FMIZEVT, MEORME &4 25
CHRAMMT 3. 2020 e R3O M2 YRR
MmaiMENrH S, 22T, e_ili(i )iz e_zl;tiiil. €,
RETHHNOECEMM, e FRZCINTONEG
EERFALCHF ST STOEMR, M LUH
K2 LB RP A2 BRBEOEFRCHTIED ..
N7 PRRFIEEALLIZRL .

S,

DEFINITION OF BASIS VECTORS

FOR ANALYSIS OF T TABLES

#All THORBRFI-HOLERA? FLOER
T65 Dose Median Dose €] €7 €3 €q
T 65 & hit A8 Ik b g i
0-9 rad 0 rad 1 0 0 1
10-39 17 1 17 2.89 0
40-179 75 1 75 56.25 1
180+ 250 1 250 625.00 0
Unknown Dose - 0 0 0 0
8ETH

Hypothesis tests, and the associated alternative
hypotheses, are given in Table A12. Other tests,
defined in terms of Z3 and Z4, might be used
to test for specifically nonlinear variation in mor-
tality with increasing dose. For example, a sig-
nificant positive value of Z3 would indicate that
the trend (if any) of prevalence with respect to
estimated dose shows an upward curvature, while
a significant negative value would indicate a
downward curve,.

The D-tables are simpler, in that distance from
the hypocenter is known for all sample members
in the table. Since the principle distance-related
factor under investigation is radiation dose, and
since estimated dose has, on the average at least
and within cities, a monotone relationship to
distance for those having estimates, each of the
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TABLE Al2

ALTERNATIVE HYPOTHESES AND TESTS

USED IN THE ANALYSIS OF T-TABLES
#A12 TEOFFRCHOULAREREL BE

Reject in favor of .

For large values of ...

a3 fR 3 MR
Known-dose vs unknown dose difference IZII
MR L MR L 0%
Increasing trend with increasing dose Zy

RO R0 1

Nonhomogeneity among known-dose classes

HBREEmB D e S

Nonhomogeneity
R

2 2 2
22 +2;3+z4

2
1

2

= 4

2 2
+Z2+Z3+Z

TABLE Al3 DEFINITION OF BASIS VECTORS
FOR ANALYSIS OF D TABLES
#A13 DEORFICHOWEAEEX? P LOER

Swp Tmos % U %
PRER

I 0 rad 0 0 0
I 18 18 1
111 60 60 36 0
v 199 199 395 1

TABLE Al4 ALTERNATIVE HYPOTHESES AND TESTS
USED IN THE ANALYSES OF D TABLES
#A4 DEORBFICHVEMIRBEL EE

Reject in favor of .

x5 (R

For large values of . ..
IR

Increasing trend with decreasing distance Zy

FEEED MR LI 5 M
Nonhomogeneity #51E

2 2 2
Zl+22+23

distance classes was characterized by the respeciive
median estimated dose for persons within the
class who had estimates. The principle alternative
was an increasing trend in mortality with in-
creasing dose (i.e., shorter distance).

Accordingly, €; was chosen to correspond to
linear trend, €, to residual quadratic trend, and €4
to residual variation, as given in Table A1l3.

The principle hypothesis tests and alternatives
are given in Table Al4.
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The E Table classes are not characterized by a
quantitative variable like dose, but rather corre-
spond to a heirarchical partition into exposed
vs nonexposed, early entry vs late entry within
nonexposed, and classes within early entries.
Alternative hypotheses of interest correspond to
each level of this partition, giving the basis
vector definitions in Table A15, and the tests
and alternatives in Table Al6.

E#7T, GEFH+HSBEE0 L) T EMNHEHTHD
Edal. ©LS, IS LERIES, EHIBEDO
FHAMEERBATGE, 503 RMATEOME T
LRI ESERERMAYET L2280 THES. 20K
IS INFUNOEFCHE THEDHE &
L AMMRBIFEEN, BAIZEFR<Z FLOERE,
FLEABLEEEMARMERL 2.

TABLE Al5 DEFINITION OF BASIS VECTORS FOR E TABLES
F#ALS EFCHOARESY pLOESR

Class €]
675
Exposed g & 1
Early Entry a 0
506 A it B 0
c 0
Late Entry 0
AT &

€ €3 €4
0 0 0
1 1 0
1 0 1
1 0 0
0 0 0

TABLE Al6 ALTERNATIVE HYPOTHESES AND TESTS
USED IN THE ANALYSES OF E TABLES

#A16 EZOBIFICH VG REE BE

Reject in favor of . ..

For large values of . ..

4 3 {5 3 BEHKI R
Exposed vs nonexposed difference Ile
WBELHRELOE
Early entry vs late entry difference [Zz|
THMAdELRUAHEOE
avsband cattbie |Z3|
Within early entry nonhomogeneity Zi +Zi
A oI B
Within nonexposed nonhomogeneity Zi i Zg + Zi

e N 0 A By W
Nonhomogeneity ki35 1%

2 2 2 2
ZI+ZZ+ZS+Z4

The method described was also used for the
analysis of Appendix 2, in terms of sample
components. The basic vectors for these com-
parisons are given in Table Al17, and the al-
ternative hypotheses and test statistics are given
in Table AlS8.
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TABLE Al17 DEFINITION OF BASIS VECTORS
FOR SAMPLE COMPONENT TABLES

FALT Hy TULEMEESHORCETIELEN2 o

ZoWnT OFE Rk
Class ] €9
5%
ME200 1 1
MEY
Reserve (il 0

TABLE A18 ALTERNATIVE HYPOTHESES AND TESTS
USED IN THE ANALYSIS BY SAMPLE COMPONENTS

FALS 4 T RERE DL SRR O AT (Ve A e R G & MU

Reject in favor of ... For large values of . ..
S RA S 7 AT It
ME200 vs MEY difference | 2, |
ME 200 t MEY L%
Nonhomogeneity of all three components Zi +Z§

LR AES R 2 g
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TABLE Al9

DEATHS FROM ALL CAUSES BY AGE ATB, SEX, CITY,
& TOTAL Té65 DOSE, 1950-66

#FA19 BIEMIC L STEC B BURBEEMS - 9% - 800 - TOSHMDTHN, 1950—66F
Age ATB Total T65 Dose Tosfa i
RS  potal g 09 rad  10-39 40-179 180+ Unk fm
Total Total # 13093 8776 2043 1244 447 583
2 0-9 268 168 39 32 18 11
10-19 694 467 80 56 38 53
20-29 594 376 81 62 31 44
30-39 1132 723 169 101 57 82
4049 2686 1750 438 281 103 114
50-59 3725 2504 581 377 115 148
60-69 3014 2074 515 255 72 98
70+ 980 714 140 80 13 33
Hiroshima, Male Total # 5336 3773 768 454 158 183
rw, B 0-9 115 79 16 10 7 3
10-19 248 183 25 18 12 10
20-29 165 110 28 17 5 5
30-39 398 270 49 34 14 31
4049 1177 810 176 121 38 32
50-59 1709 1234 224 148 47 56
60-69 1214 860 204 82 32, 36
70+ 310 227 46 24 3 10
Nagasaki, Male Total it 1539 858 222 181 109 169
B, 0-9 53 31 5 8 5 4
10-19 125 78 10 12 8 17
20-29 7 48 3 10 3 13
30-39 124 61 11 16 19 17
4049 368 194 55 43 35 41
50-59 489 269 80 62 30 48
60-69 249 146 47 24 8 24
70+ 54 31 11 6 1 5
Hiroshima, Female  Total & 4833 3353 788 455 109 128
La, & 0-9 56 37 10 8 1
10-19 208 140 30 18 6 14
20-29 255 166 36 24 12 17
30-39 459 306 81 36 16 20
4049 883 594 154 92 22 21
50-59 1229 831 212 132 27 27
60-69 1242 890 201 114 19 18
70+ 501 389 64 31 6 11
Nagasaki, Female Total it 1385 792 265 154 71 103
B, 09 44 21 8 6 5 4
10-19 113 66 15 8 12 12
20-29 97 52 14 11 11 9
30-39 151 36 28 15 8 14
40-49 258 152 53 25 8 20
50-59 298 170 65 3s 11 17
60-69 309 178 63 35 13 20
70+ 115 67 19 19 3 7
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TABLE A20 EXPOSED SUBJECTS ALIVE ON 1 OCTOBER 1950

BY AGE ATB, SEX, CITY & TOTAL T65 DOSE

#A2 1950E10R 1 HICERFL CuAsBRE i

PRI R - it - AR -

T 65 # et it 51

Total T65 Daose TGS

Age ATB
TG EM Total A 0-9 rad 10-39 40-179 180+ Unk M
Total Total #f 82271 55082 12767 7560 3071 3791
& 0-9 15577 10746 2690 1287 432 422
10-19 17958 11807 2327 1641 929 1254
20-29 10853 7059 1596 1032 500 666
30-39 11920 7922 1897 1153 423 525
40-49 12778 8492 2106 1265 450 465
50-59 8207 5578 1317 771 238 303
60-69 3951 2730 685 328 86 122
70+ 1027 748 149 83 13 34
Hiroshima, Male Total # 25489 18289 3700 1990 702 808
ks, B 0-9 5548 4046 938 374 108 82
10-19 5277 3997 621 355 177 127
20-29 1951 1369 254 151 83 94
30-39 3195 2213 436 280 77 189
40-49 4444 3072 688 409 128 147
50-59 3260 2298 467 289 89 117
60-69 1494 1061 246 108 37 42
70+ 320 233 50 24 3 10
Nagasaki, Male Total # 8850 4850 1286 1097 703 914
Bk, 9 0-9 2124 1231 422 239 112 120
10-19 2534 1392 289 327 234 292
20-29 745 374 78 104 68 121
30-39 967 493 112 124 117 121
40-49 1282 694 179 164 111 134
50-59 852 468 137 101 51 95
60-69 291 166 58 32 8 26
70+ 55 32 11 6 1 3
Hiroshima, Female Total {t 36445 15443 5922 3086 901 1093
[ B 0-9 5667 4165 914 416 111 61
10-19 6850 4634 1027 542 203 444
20-29 6258 4258 984 550 192 274
30-39 6286 4388 1061 560 148 129
40-49 5724 3936 998 547 148 95
50-59 3346 2363 571 293 68 51
60-69 1781 1286 298 145 25 27
70+ 533 413 69 33 6 12
Nagasaki, Female Total it 11487 6500 1859 1387 765 976
Ko, i 0-9 2238 1304 416 258 101 159
10-19 3297 1784 390 417 35 391
20-29 1899 1058 280 227 157 177
30-39 1472 828 288 189 81 86
40-49 1328 790 241 145 63 89
50-59 749 449 142 88 30 40
60-69 385 217 83 43 15 27
70+ 119 70 19 20 3
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TABLE A21 SUBJECTS NOT IN THE CITY ATB, BY AGE ATB, SEX, CITY &
EARLY ENTRANTS CLASSIFICATION

#A2l FREHMIZGAD - ABRONRER: FHFER - £ &80 - RHATEX 2

Aline 1 October 1950 (Nagasaki) (8§ ) 1950 10H 1 B EEGE
I October 1954 (Hiroshima) () 196E 10 1 HWEL TR

City Sex 'dfga ATB Tog] Early Entrants (EE) M A& Lél;l:r;ktf.sl
i, £ FIREY &8l a b ¢ BWAHE

Total &# Total &1t 26243 185 449 3844 21765
0-9 5003 8 11 368 4616

10-19 5949 26 73 886 4964

20-29 3710 19 47 509 3135

30-39 4119 31 78 683 3327

4049 3917 55 134 769 2959

50-59 2228 36 82 438 1672

60-69 1072 9 22 163 878

70+ 245 1 2 28 214

Hiroshima, Male Total 8122 91 214 1352 6465
e B 0-9 1815 4 3 143 1665
10-19 1842 13 33 393 1403

20-29 677 1 14 82 580

30-39 1122 15 26 183 898

4049 1433 33 71 285 1044

50-59 858 21 52 198 587

60-69 316 kY 15 53 244

70+ 39 - - 15 44

Nagasaki, Male Total it 2869 17 14 441 2397
few, % 0-9 636 1 — 46 589
10-19 787 5 140 638

20-29 276 2 1 37 236

30-39 385 - - 62 323

4049 419 6 6 95 312

50-59 271 2 1 41 227

60-69 88 1 2 19 66

70+ 7 - - 1 6

Hiroshima, Female Total it 11777 71 203 1733 9770
i, % 09 1855 3 6 127 1719
10-19 2325 7 30 272 2016

20-29 2110 13 30 338 1729

30-39 2152 15 44 396 1697

4049 1719 16 57 33s 1311

50-59 905 12 29 176 688

60-69 562 + 5 79 474

T0+ 149 1 10 136

Nagasaki, Female Total it 3475 6 18 318 3133
g, i 09 697 - 2 52 643
10-19 995 1 6 81 907

20-29 647 3 2 52 590

30-39 460 1 8 42 409

4049 346 - —- 54 292

50-59 194 1 - 23 170

60-69 106 - - 12 94

70+ 30 - - 2 28

Tab 01863, VI-H-E-1:3
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