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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 04-60.

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

Bilingual presentation was authorized on the basis of
review by the Japanese and American professional staff of
ABCC: and by the Kyogikai jointly appointed by Dr. Keizo
Nakamura, Director of JNIH and Dr. George B. Darling,
Director of ABCC.
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SURVIVAL IN CHILDREN OF PARENTS EXPOSED TO THE ATOMIC BOMB
A COHORT-TYPE STUDY

EFRUNEBREOTHOETCLBEBTSZII—F— FROHR

INTRODUCTION

Among the genetic effects to be expected in the first
generation progeny of mammals exposed to radiation
is a shortening of the life span due to the action
of *dominanc’ deleterious mutations.  Although in
tecent years a considerable body of data concerned
with such experimental species as mice, rats, and
swine has become available, pertinent observations
in man remain, for obvious reasons, rare. The pur-
pose of this paper is to describe a continuing study
in Hiroshima and Nagasaki whose objective is to
determine through a cohort approach whether the
life span of liveborn children one or both of whose
parents were exposed to the mixed radiation spec-
trum of the atomic bombings differs from chat of
suitable control children.

The observations may be regarded as both a follow-
up and an extension of the earlier study of Neel and
Schulll in which there was no evidence of an in-
creased death rate among the children of survivors
during the first six postpartum days, or, in a sub-
sample, during the first 9 months of life expectancy.
Malformed children were excluded from these calcu-
lations, but the frequency of malformations was not
elevated. Inasmuch as the age of the surviving sub-
jects of the present study ranged between 3 and 15
years, with a mean of 9, the results to be reported
cover the age interval in which maximum prerepro-
ductive mortality occurs but still must be regarded
as preliminary. Pertinent literature on other mam-
mals, including man, is considered in the Discussion.

FACTORS DETERMINING THE DESIGN OF THE STUDY

Two different, albeit related approaches to the ques-
tion of the effect of parental exposure to lonizing
tadiation upon the survival of their progeny can be
envisaged. On the one hand, an effort can be made
to determine whether the frequencies of death with-
in some specified period of time differ in the off-
spring of exposed and control groups. Virtually all
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of the studies thus far reported are of this nature,
and most involve rather short time periods, often
only the first year of life. On the other hand, an
effort can be made to determine the accumulative
mortality experience in cohorts, some ‘exposed’ and
some not, with a view toward defining survivorship
curves. Patently, in the latter approach death rates
can be compared, and hence this type of study in-
cludes the first. Circumstances permitted undertaking
the lacrer approach in the present study. The in-
vestigators are aware of no studies of mortality
among the childten of exposed parents of the life-
expectancy kind save the one to be reported here,
bur the merits of this type of investigation appear
overwhelming. In the present instance, once the
decision had been reached to adopt a cohort approach,
the ultimate shape which the study assumed stemm-
ed largely from certain administrative and scientific
considerations. .

Potential Size of the Study Groups The largest
study group which can be envisaged is that popula-
tion consisting of all children born alive subsequent
to 1 May 1946, one or both of whose parents were
present either in Hiroshima or Nagasaki or both
cities at the time of the atomic bombs (ATB). This
population is not now fully definable, and will not
be so until every person exposed to either or both
of the bombs has passed beyond the reproductive age
span. This will not occur for possibly another 30
years, Clearly, then, it is not yet possible to attempt
to study the maximal population. The population to
be dealt with in this presentation consisted of all
children born between 1 May 1946 and 31 December
1958 ro parents both of whose residence, at the birth
of their child, was Hiroshima or Nagasaki; and whose
exposure status was either known to ABCC, or could
be readily obtained. The former date corresponds to
the earliest time ar which pregnancies conceived
subsequent to the bombing would be expected to
terminate normally; the latter date defines the maxi-
mal sample size possible when this cohort was
established in 1959. Since it can be shown that at
least 82% of the children ever to be born to exposed
parents residing in Hiroshima and Nagasaki were
born prior to 1 January 1959, little appeared to be
gained by further delay in initiating the study.

Probable Duration of the Study Ideally in a study
of life expectancy in a cohort, survivorship is follow-
ed until such time as all or virtually all members
of the cohort have succumbed. In the present in-
stance, this represents some 80 or 90 years, and it
is obviously unlikely that the study will, in face,
continue for that length of time. Accordingly, it
seemed important to emphasize the collection of data
adequate to define the earlier portions of the life
curve with the requisite precision. Though this may
seem too tacit an acceptance of the impossibility of a
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generation-long study, there is scientific justification
for the decision also, namely, the references quoted
in the Discussion which suggest that a substantial
fraction of the murations affecting survival which
will be manifest in the first post-radiation generation
are apt to exert their effects in the earlier portions
of the life curve.

Existence of the Koseki System There has existed
in Japan since the last quarter of the 19th Century
a system of compulsory family registration. Vital
events affecting the composition of a given family or
the status of members of that family must be re-
ported to the office having custody of the family’s
record. The latter is termed the koseki. An indis-

pensable parc of the system is the legal or permanent -

address of the family, known as the bonseki. Changes

in che latter must also be reported to the kosekioffice.

Knowledge of the last, or any recent, honseki of an
individual is a virtual guarantee that the survival
status of that individual can be determined indefin-
itely. More complete accounts of the system are
found elsewhere.1-4

Availability of Ancillary Data Through previous or
current ABCC studies considerable data of grear
relevance to the interpretation of an apparent effect
of radiation are available. During 1948-53, one facet
of ABCC's activities, the Genetics Program (C{in‘v),1
involved a comprehensive attempt to determine
whether the pregnancy terminations occurring to
parents, one or both of whom were exposed to the
atomic bombs, differed from those occurring w a
suitable control. Suffice it to say that in these years
the outcome of some 93% of all pregnancies occurring
in Hiroshima and Nagasaki and lasting for 21 weeks
or more of gestation was investigated., Available on
these children, in addition to the results of one and
frequently two clinical examinations, are data on a
variety of variables of potential interest in the inter-
pretation of an apparent radiation effect or the
meaningfulness of the lack of such an effect. These
observations range from parental ages at the birth of
the children in question and the occurrence of consan-
guineous marriage, to an appraisal of the socioecono-
mic status of the family at the time of the delivery.
For a variety of reasons, ! this study terminated early
in 1954, but at that time it was decided that further
information should be collected’ on the relationship
of parental exposure to the sex ratio among children.
This decision gave rise to 2 second study of interest,
the continuing Sex Ratio Program which began in
1954 and involves an attempt to link the sex of
children as reported on the birth records filed with
the city with the exposure of their parents as known
to ABCC. Through these two studies exposure status
can be determined for the parents of the majority of
children born in these cities since 1948 withour
further field investigations, an important administ-
rative consideration.
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DESCRIPTION OF STUDY PROCEDURES

In the light of the preceding, the study eventuated.
Three samples were utilized. The first consists of
livebirths occurring between 1 May 1946 and 31
January 1948, i.e., prior to the Genetics Program,
and was derived from municipal birth records. The
second stems from the livebirths recorded in these
cities between 1 February 1948 and 31 December 1953
under the Genetics Program. The third was drawn
from livebirths recorded in the Sex Ratio Program
between 1 Januaty 1954 and 31 December 1958. To

facilitate follow-up and to reduce extraneous sources
of wvariation within each of the three samples, the
following selection criteria were imposeds

Parental residence at the birth of the child must
have been within Hiroshima or Nagasaki. This
restriction stemmed from the knowledge that
infant and childhoed mortality varies appreciably
from urban to urban-rural to rural areas in Japan,
and that establishing proper controls for exposed
persons who had left the two cities prior to child-
birth would be extremely difficult;

Honseki was not restricted to Hiroshima or Nagasaki.
Though restriction of homseki to these two cities
would have materially simplified cthe follow-
up, the loss of data which would have entailed
seemed prohibitive;

Multiple births were excluded because their mor-
tality rates are appreciably different from those
of single births, and they are too infrequent to
warrant the added analytic complication they
introduce;

The samples were to include all infants born to
parents one or both of whom were known to ABCC
to be within 2000m from the hypocenter ATB.
In addition, from among births occutring in the
two cities to parents whose exposure status was
on file with ABCC, equal numbers of children
were to be randomly drawn from among births
to parents one or both of whom were exposed
between 2500-9999m but neither to have been
nearer, and to parents neither of whom -were in
the cities ATB. These latter two samples were
to be marched with the former group by sex and
year of birth. This procedure yields three major
or, if joint parental exposure is considered, nine
minor expesure groups, as shown in Figure 1.
In view of some findings to be brought out later,
it is emphasized that the matching by sex and
year of birth was by major but not by minor exposure
group.

Fact of death was established by routine, periodic
" inspection of the appropriate koseki. A home visit
by a trained ‘contactor® was ucilized to establish
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Major exposure group s L HRTE

/A Group 1 /7 Group 2

Group 3

Minor exposure groups indicated by letters MIBEMIIXFTRT

honseki in those cases where the koseki could nor be
located by routine methods. The results of the first
cycle of koseki checking, which was begun in January
1961 and completed in January 1964, are reported
here. Since this cycle embraced 3 years of record-
checking, to obviate the remote but nonetheless
real possibility that exposure class may have been
correlated with ease or difficulty of follow-up and
hence the number of years at risk of death, attention
is restricted to deaths prior to 31 December 1961,
and the initiation of the first cycle. Table 1 sum-
marizes the results of this cycle of record reviews.
It will be noted that among the 54,243 cases, the
predominant reason for failure to determine survival
status was non-japanese parentage (i.e., no koseki
record); in all except 53 instances where the child
was Japanese the survival status in 1961 could
be determined. Failure of follow-up because of lack
of koseki can scarcely be regarded asa source of bias;
the 53 children of Japanese parents whose survival
status is unknown are too few to influence the data
significantly, even if all were no longer alive.
In subsequent tables, the 810 ‘unknown’ cases in
which 757 cases were non-Japanese in Hiroshima
and Nagasaki have been excluded, as have 14 births
in the Sex Ratic Program for whom the information
was incomplete. The resulting distribution of children
on the basis of the radiation histories of their parents
is shown in Table 2. Where death had occurred, a
record of the entry in the ‘vital statistics’ portion
of the death certificate was obtained through the
cooperation of the Japanese Narional Institute of
Health.
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SOURCES OF VARIATION IN MORTALITY OTHER
THAN RADIATION

It is common knowledge that fetal, infantile, and,
childhood mortality are influenced by numerous
variables other than radiation. As a consequence,
the contribution of this or any other study to the
ultimare evalvarion of the radiation hazard is direct-
ly proportional to the degree to which exrraneous
sources of variation can be delineated and controlled.
Accordingly, consideration is made of the possible
role of extraneous variables in the mortality dara
to be presented.

A priori, one recognizes that the survival of a live-
born infant is a function of certain attributes of
the infant and, in addition, certain characteristics of
the parents and pregnancy. Ample evidence attests
to the role in early mortality of parental ages, birth
rank, birthweight, duration of pregnancy, and, in a
changing saciety, year of birth. To this list can be
added a number of variables commonly termed socio-
economic, such as parental education, parental oc-
cupation, the occurrence of consanguineous marriage,
social class, and nutrition. Other variables of im-
portance exist, e.g., presence of congenital defect,
but, for the moment, the recognition that few if any
of these concomitant variates are entirely independ-
ent of every other is of greater importance than an
exhaustive enumeration. Thus, for example, we
recognize that parental ages and birth rank are
significantly correlated, and since both apparently
affect mortality rates, it is not immediately obvious
whether their effects are attributable to the same
basic phenomenon or to a different one. In this
particular insrance, the latter appears to be true, for
there exists an effect of parity upon the frequency
of death in the postnatal period not accountable for
in terms of variation in parental ages (Neel and
Schull,1 Chapter 11). Relationships of this nature
considerably complicate efforts to control the effects
of extraneous variables on mortality through selec-
tion of the comparison groups since samples matched
on multiple variables are often not feasible. This
issue will be further discussed after considering the
relationship ro exposure groups of the concomitant
variables previously enumerared.

Three samples were selected for study: A sample
for the years 1 May 1946 - 31 January 1948 derived
from the birth information on file at the city offices
of Hiroshima and Nagasaki; a sample for the years
1 February 1948 - 31 December 1953 derived from the
so-called Genetics Program of ABCC; and a sample
for the years 1 January 1954 - 31 December 1958 de-
rived from the Sex Ratio Program. Through city
birth tecords and the records associated with the two
programs previously mentioned, it has been possible
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to obtain information on virtually all births with res-
pect to maternal age, paternal age, parity, birthweighe,
duration of pregnancy, and year of birth. The most
conspicuous exception involves birthweight, which
was not routinely recorded on the Japanese birth
certificate in the years immediately following World
War II (routine recording began in the latter half of
1947). The relationship of each of these five con-
comitants to the major exposure groups will now be
considered. -

Year of Birth Infant mortality in Japan has changed
substantially since 1945. When one considers that
the major portion of the mortality in the first two
decades of life expectancy occurs in the first year,
patently variation in year of birth among the ex-
posure classes could obscure a radiation effect, or
produce a spurious one. While the method of sample
selection ostensibly precludes significant differences
within each of the three samples, the possibility ex-
ists that an equal degree of completeness of follow-
up is not achieved in all radiarion groups, and some
variation, perhaps non-negligible, is thereby intro-
duced. Table 3 summarizes the results of comparing
the distributions of the six concomitant variables
previously enumerated within sex-city major ex-
posure groups. Refereace to this table reveals that
year of birth does not differ significantly among ex-
posure groups within either city, or within samples
within cities.

Maternal Age The significant effect of maternal age
upon early mortality in this sample has been well
documented.! The nature of this effect is complex
but, in general, one finds that early mortality in
age-specific parity distributions or parity-specific
age distributions tends to be J- or U-shaped ( see also
Yerushalmy,’ Tsunoda,6 and Newcombe?.8). This
of course implies an optimal age associated with a
given parity, or an optimal parity for a given age.
In any case, the effect is sufficiently pronounced
that failure to take this concemitant into account
could have serious consequences. Table 3 shows
that the exposure groups differ significantly in ma-
ternal age within virtually all samples in both cities.
In general, the more ‘heavily’ exposed mothers are
older than the more ‘lightly’ exposed and the latter
are older than the nonexposed mothers.

Paternal Age Parental ages are highly correlated,
and in view of the known effect of maternal age
upon early mortality, one would anticipate an effect
of paternal age when maternal age is ignored. It
is not clear, however, whether paternal age exerts
an effect not explicable in terms of maternal age.
Accordingly, it seemed appropriate to determine
whether the exposure groups within the various
samples differed in paternal age as was to be ex-
pected in view of the differences in maternal age.
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They do (Table 3). Older fathers are more frequent-
ly ‘heavily’ exposed than ‘lightly' exposed or not
exposed,

Parity Parity and maternal age are closely corre-
lated; therefore the exposure groups would be
expected to differ in mean parities and they do. On
the average, parity is directly related to exposure,
the more ‘heavily’ exposed having had more preg-
nancies on the average, and there exisrs an effect
of parity not explicable in terms of the correlation
between parity and maternal age (see Neel and
Schull, ! for fucther details),

Duration of Pregnancy Mortality rates are strikingly
and significantly elevated among pregnancies which
terminate premarucely; a much lesser effect is
associated with postmaturity. It follows, then, that
if duration of pregnancy was significantly related
to exposure groups, differences in mortality among
the exposure classes might arise. As Table 3 shows,
exposure groups do not differ significantly with
respect to duzation of pregnancy.

Birthweight  Since birthweight is correlated with
duration of pregnancy, and since the latter exhibits
no relation to exposure groups within the various
samples, one might expect, a priori, that birthweight
will not be significantly associated with exposure
states. This expectation is fulfilled (Table 3).

Summary, Sources of Variation Among the six
sources of extraneous variation for which dara exist
on virtuaily all births and which are known to be
significantly associaced with mortality, three, namely,
maternal age, paternal age, and parity differ signi-
ficantly among the major exposure groups within most
samples. These differences are such as to lead to
augmented mortality rates within the more heavily
exposed groups. Thus, an apparent effect of radiation
on mortality could not be accepted before these diff-
erences were controlled, but on the other hand, if
there is no apparent effect even when these differ-
ences are ignored, it seems inconceivable one would
appear after they were controlled.

There are other important souwrces of extraneous
variation for which data were nort available on the
birth certificate or through one of the previously
mentioned programs. Thus, data were not avail-
able on sociceconomic class, yet it is known that
infanc morralicy, for example, is higher in the lower
socioeconomic classes of Japan.  Moreover, the
Child Health Survey? revealed a significant effect
of sociceconomic status upon physical and mental
growth and development of a magnitude which might
lead to serious biases in the analysis of mortality
data if the socioeconomic concomitants were dis-
similarly  distributed  between the comparison

E?ﬁé&#i%h%.§3KﬁT$5E,$%®%“
ﬁﬁm,ﬁﬁ@ﬁmﬁitu#ﬁﬁ#lvb,ﬂﬁmﬁ
BEOHIZE L5 1.

H ke fir &Eﬁﬁtﬁ@$ﬁ&®ﬁuu,%&&ﬁ
@ﬁﬁ%.Ltﬁof.ﬁﬁﬁﬁKM$ﬁm$m&u§
mﬁ%a&ﬁ%%éha.$¥,&$mmaﬁﬁtmﬁ
CREEORES S Y, BEORBEOLEIRLD 5
MUTEL, BERMEFOERE OMEM (241 Neel
BEU Schull' ¥ BE) 12k o TERBTE 2 o LN
LB H P G 7,

BIRIAR FECEE, kMR CUHEL(EEL LRA
Bosh, BRECE, 2AL0LREREGH, Fr
BAWMT 5. Lado TEEMN & BB L O A
BALMEN S 2881, 2hEGCERBEMORE
$k%ﬁ$ttngh¢u.§3uﬁ¢;5c,&m
BEZ20 T, SRMECERLEFED 5 h 4,

AR E HIERF R E &R & o B2 281 A
50,ﬁam%ywaWHEﬁM&Hmﬁtm@um
%ﬁﬁ%h%h&h&:%#%.m%@ﬁﬁtﬁmwﬁ
tm@uuﬁﬁ&%ﬁm56iwaﬁﬁtié.%E,
BICRT LI IEBIEEN S oy 1o

ERELLESTERADEY G EAt~TO)
ﬂ&m%muour%%nrhr.%C%&ma#&w
ﬁﬂﬁa&énfvaﬁﬁu%WSGmgmmﬁa,%
@30,T&h%&khET&T®%>7wW®EHm
ﬁ%uaw%amiﬁ,xm$m,s;wmimmuu
ﬁﬁ&%ﬁ%hgné.:n%m%%mm&mmm#m
%t$%%M§%§ﬁmu@ufw%oLtﬁﬂrcﬂ
LOBREDEDBE L WF LibhEvhdtnidmrgE:
&aﬁ'ﬁﬁa‘#&@%%&ﬂﬁ%75’!:'6“6:2:1.:(?%-&t'. F
LINLNERIEBBELL L ETELY, ot lps
ﬁf.%{lﬁ’}%il{cl‘iﬁ*%li, thoHEIEsRAb Lz 2o
WRBAEbNAERELLNE S 2

tmmgﬂm&#uéﬁiﬁﬁztuﬁﬁmﬁﬁﬁﬂ#
LRAFTE LD LRCEHED & 5 HAL A B
¥&£®ﬁ$6.ttid,ﬁ%ﬁﬁ%%ﬂuﬁf%ﬁ
Hm%ﬁo%ﬁﬁﬂ#eu%%n&#otﬁ,E$®ﬂ
@ﬁ@%t%ﬁﬁ%ﬁﬁmuuﬁU%ﬁt%u:tﬁ%
m%ﬂ%m&ﬁﬁm:&?ﬁé.%@L,ﬁﬁ@%%ﬁg
vu,WW%xlwﬁMm&%ﬁn,ﬁ%ﬁm%¢¥®
PO BRERET L EEHTUEDT, i
DEESLBBEBCRARCGHEL 20 2 BE 17 11 e
$®%ﬁu§k&ﬁnéif5:at%ieﬁa.:m



groups. To ascertain whether the latter might or
might not be true, a pilot mail survey was under-
taken on a small random sample in 1962. The pri-
maty purposes of this preliminary survey were to
ascertain probable response rates in a projected,
larger study, and the quality of responses. As a
consequence of this preliminary study and the exp-
erience of the Child Health Survey,? a larger study
involving a random 10% of the pregnancy termin-
ations included in the total sample was initiated in

1964.

A mail questionnaire was sent to the last address
known to ABCC of the parents of 5294 children
regardless of present status. If the initial ques-
tionnaire was not returned, 2 second and if need be,
a third was sent at intervals of two weeks. When
a letter was returned as undeliverable, the koseki
was checked and the questionnaire sent to the most
recent address indicated on record of residence filed
with the koseki. For those cases where no response
was obtained to any one of the three possible mail-
ings, a field follow-up was conducted if the family
lived in Hiroshima or Nagasaki or areas immediately
adjacent thereto (Table 4). It will be noted that data
were collected on all save some 4% of the sample;
it seems unlikely that the failure to obtain infor-
mation on so small a group could markedly bias the
results to be presented. Information was sought
with respect to parental occupation, parenta] school-
ing, survival status of the parents, the size of the
home (in mats) and che number of persons normally
residing therein, food expenditures per person per
month, and, finally, a brief indication of the child’s
nutrition in terms of the consumption of certain
dietary staples, namely, fish, meat, eggs, and milk.

Table 5 summarizes the tests of significance with
regard to the distributions of the aforementioned
variables among the exposure groups within samples
and cities, The number of mats per person, food
expendirures, and consumption of dietary staples do
not differ among the comparison groups. However,
parental occupation, schooling, and survival status
of parents are significantly different. Thus rela-
tively more children one or both of whose parents
are dead are observed in the proximally exposed
group than in either of the other two samples.
Exposed parents are less well educated than non-
exposed, and relatively more farmers and fishermen
are to be found in the distally exposed groups than
in either of the other two comparison groups. These
findings are, In general, in accord with those for
the other concomitant variables to which attenrion
has been ditected. Thus, for example, it is known
that exposed parents are older on the average
than nonexzposed parents (Table 3), and that the
education received by the average individual in
Japan has steadily increased in the postwar era.
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Therefore, the exposed would be expected to be less
well educated than the younger nonexposed popula-
tion. In general, these differences in distribution of
extraneous socioeconomic variables, like those asso-
ciated with the variables discussed earlier, are such
as to lead to an inflation of mortality rates in the
children of the ‘beavily’ exposed group as contrasted
with the other two comparison groups.

THE RELATIONSHIP OF MORTAUTY TO EXPOSURE

The various tabulations, analyses, and comparisons
of the data have been quite extensive; only a very
condensed account can be presented. Table 6 sets
out the data subclassified by city, sex, main exposure
group, and year of risk. A profusion of comparisons
is possible. Age-specific rates are given only for
those years to which all the individuals in a defined
cohort have been exposed. However, the figure for
total deaths includes not only those occurring dur-
ing risk years experienced by the entire group but
also those occurring during risk years experienced by
only a proportion of the cohort. Accordingly, while
it may be used for comparisons between groups, it
has no normative value in the strict sense. The
table shows no evidence of a systematic change
in mortality experience related to parental major
exposure group within either sex in either ciry.
None of the X° values derived from the twelve 3x2
contrasts based on the totals for each ciry-sex-pro-
gram component approaches significance even though
extraneous sources of variation are so distributed
as to lead to an inflation of morrality in Major
Exposure Group 1. The data on the first year of
life expecrancy support the earlier reportl that
no significant association was observable between
mortality in the first year of life and parental ex-
posure. The data are, however, not wholly inde-
pendent of those presented in the aforementioned
publication,

In view of these data it seemed unlikely that analysis
of cause of death would be particularly reveal-
ing. However, such analyses were performed,
more with a view towatd the completeness befirting
a scientific problem of this gravity than because
of prior expectations. Table 7 sets forth deaths
per 10,000 for the more common categories of causes
of death within sexes, cities, and the three major
exposure groups. All three components of the data
have been combined in this analysis. For each row,
the significance of the difference berween the ob-
served number of deaths and the number expected
on the basis of random distribution by exposure has
been tested by X 2. Only two significant associa-
tions are observed, both ar the 5% level and both
in  Hiroshima. Firstly, deaths from congenital

_ defects differ in females, but as a consequence of

relatively more malformations in the ‘lightly’ ex-
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posed than in the ‘heavily’ or nonexposed groups.
Secondly, the frequency with which death resules
from a neoplasm varies in males, bur again the
difference is one of relatively more deaths in the
Yightly’ exposed group than in either of the other
two. This latter effect does not appear in Nagasaki,
although with regard to deaths due to congenital de-
fects a ‘trend similar in some respects to the cne
observed in Hiroshima does obtain.

Although che major exposure groups differ in ma-
ternal age, paternal age, and parity, in a manner
which might be expected to result in ‘false’ radia-
tion effects none were demonstrated despite these
known biases. Therefore, it is literally inconceiv-
able that significance would emerge after analyses
which took these wvariables into account. Never-
theless, becanse we are interested not only in sig-
nificance but in a ‘best estimate, which might at
some future time be combined with the results of
others, the data have also been analyzed on a ma-
ternal age-specific basis, a paternal age-specific
basis, a parity-specific basis, and various combina-
tions of paternal and maternal age and pacity. Publi-
cation of all the voluminous tables is not feasible.
However, Tables 8,9, and 10 present deaths per thou-
sand by sex, city, and major exposure group only
for specified maternal ages, specified patemnal ages,
and specified parities. Perusal of these three tables
again fails to suggest any consistent, significant
effect of parental exposure. Thus, for example, in
Table 8 for mothers of 25-29 years of age (the lar-
gest materal age group), death rates in the ‘lightly’
exposed exceed those in the ‘heavily’ exposed group
in two of four possible instances, the nonexposed
exceed the ‘heavily’” exposed group in three of
four, and the nonexposed exceeds the ‘lightly’ ex-
posed three out of four times, In the two comparisons
where there is significance at the 5% level, the
death rates in males born to Exposure Group 1
parents are lower than those observed for one or
both of the control groups. In Tables 9 and 10,
there are- three additional comparisons at the 5%
level of significance - again Exposure Group 1 males
have Iower- mortality rates. These three rtables
involve 92 comparisons; the fact that five compa-
risons are significant at the 5% level can be explain-
ed by chance. The better survival of Group 1 male
children in all five cases is intriguing but can
scarcely be interpreted as a radiation effect. Since,
had the deviation been in the opposite direction, it
would have been tempting 1o tead greater signifi-
cance into it, this is a reminder of the need for
caution in interpreting data of this type.

The remote possibility exists, because of the corre-
lations which exist between parental ages and par-
ity, that simultaneous control of two or more of
these variates might be informative. Control of
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all three variables through classification of the data
so diminishes the numbers of observations as to
make any conclusion hazardous, Tables 11 and 12,
however, do present for both sexes, cities, and ex-
posure  groups, parity-specific death
paternal age-specific death rates for a fixed maternal
age, namely, 25-29 years, chosen for presentation
because this encompasses the largest body of data for
any such comparison. No trends apparently related to
radiation exposure group are observed; none of the

rates and

X%s for the row comparisons are significant.

As Figure 1 illustrates, when the exposure status
of both parents is considered, children may fall into
any one of nine minor exposure categories. The
genetic complement of children both of whose par-
ents were within 2000m of the hypocenter ATB
(Minor Group a) received substantially more radia-
tion than chat of children only one of whose par-
ents was within 2000m but the other nonexposed or
‘lighely exposed’ ( Minor Groups b, ¢, d and e; see
Discussion for actual estimates). Although highly
unlikely in view of the foregoing, the possibility
had to be considered that a radiation effect might
emerge if the analysis was extended to minor cate-
gory, and this has been done.

However, when the nine minor exposure groups are
compared with respect to the six concomitants for
which the three major exposure groups were cont-
rasted (Table 3), not only is there again signifi-
heterogeneity with respect to paternal and
maternal ages and parity, but now there is also
very significant heterogeneity in most of the com-
parisons with respect to year of birth and birth
weight, although to a lesser degree than for the
first three concomitants. Figure 2 illustrates for
male birchs the year-of-birth effect during the 13
years of the program in Hiroshima. . It will be noted
that the line dividing Groups a, b, ¢, d, and e col-
lectively (Major Exposure Group 1) from Groups
£, g and h (Major Exposure Group 2) and the line
dividing f, g, and h (Group 2) from i (Group 3), is
relatively straight, thus attesting to the effective-
ness of the original matching procedure. The signi-
ficant year-of-birth effects emerge from the changes
with time of the proportions of the minor exposure
categories within the respective major exposure
gtoups for which the data were unmatched. At
least two causes for the significant year-of-birth
effect are apparent from inspection of Figure 2. On
the one hand, the representation of certain sub-
groups appear to increase (Group ¢) or diminish
On the other hand, for
some exposure groups there appear to be increases

cant

(Groups a and f} with time.
followed by decreases (Groups e and h).

. The several significant differences (none exceeding
the 0.05% level} between minor exposure classes

12

FPERTHEBELELI NG, TLARBEZHAS TS
LTI LDTRTOEHEEELL S ET R
ZEik, MEAIRLS®LOT, BLNLERE
EDLECABIELERA GRS, BllHL U212,
W, e LB, —E0BEHOER, L
25-295% (HERIFBELECOTINERBRLRALD
THEH) TOREEENECE S L CLNEREC
HERLAY, BHBREBLALCHCME S L) HEE
daohio, BHIEokEcsvT 2 HECFN
LEBTRE G, '
Hligashtodli:, HEomRRELEEL .
BA, FHREISUMRS L AHBROLFASST
2F3. AHELERFREOHSL200mBAIZNR2E
O FiE (BIERE) ORETFE, BHEO—F42000m
URTHEBRLAY, EFHFESEBREYSHIVUEENE
BETHEBE (BIHBED ¢, de) o FHITIEL T,
LD ELOBROKMHEER I LILE (EFOHE
BRC-2VUTEEELRHE). £ CliBRErL 2
THENITHEE LN, & LBRFRIRTEHE AR
ZoIE, RBROBESNE T TR ECIT
MEEIEE L 26 20,

L Lads, 920 #BRRCo 0T, EHEBHII-
CTHELLALIE, 620MEEH I >0 THEET
9k (£3), XpiUBoEHL G UFLZHRIRDL IR
LTRAHKEMO P L RBAEF AL NEnaELY, &
NG 3> EEMHIEEL TLIEERECAEEL
AEFLICHEROFRTCHLTY, BIFHLAPLER
HAELNL, H2i, KBEOBII2>0 TI3FEMOEE
Mol EFoRmERLA, a b e d o3 (81 X
WREE) & Lg h¥E (H28) LEERTAH, LU
Lo hi# (W28 & (8 (B38) L1ENT oM
BITHEHBTH AN, ThlHr7oiliitoBElsE L —
R4 FEADRO TS EEHLTVS.
LhA, ¥ 7l BERBCOCTRBER S
—HEHTOLONT, WEFIILSTEFRFRLOEH
BEANHEBHOFEYERLTS. 2005, B
EECHCTPLEL2 oo uh B ARFT A LN 3.
—H TS AR, BAE IR TMLAD
(cB) , WP LAY (aloifg) +4. K, tho
BIHBE T, UHEELL, KRBT 2058
HELNBLDEL 55 (e L UhEE).

BERHM o RERAECMT I (220 RL 2
(WFhé FEARIBBEEZ 2 W), —RICHE



with respect ro birthweight are in general due to
heavier birthweights among the groups where ex-
posure was greatest, and are thought to be secondary
to the age and parity effects which havé already
been discussed. A ‘duration of pregnancy’ hetero-
geneity is observed in a single comparison among
12 and may be disiegarded. Because of the declining
infant and childhood mortality in Japan during the
years of this study, it was felt the data should be
adjusted for the year-of-birth effect. Accordingly,
in Table 13 an analysis is presented wherein by
city, sex, and program componént, the observed
number of deacths in each minor exposure category
is compared with expectation adjusted for differ-
ences in year-at-risk per individual for the exposure
subgroups. Table 13 reveals two differences at the
5% level of significance, both (again) resulting from
a deficiency of deaths among the children of the
more heavily irradiated parents.
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FIGURE 2 PROPORTIONS IN THE MAJOR (1-3) AND MINOR (a-i) EXPOSURE GROUPS
IN RELATION TO YEAR OF BIRTH, MALE, HIROSHIMA
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but permitted significant time trends in the minor (unmatched) groups.
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DISCUSSION

There emerges from this study no indication that
parental exposure to the atomic bombs has altered
the life expectancy of their children. This failuie
to demonstrate significant changes in F; mortality
as a funcrion of parental exposure can not be con-
strued as evidence that no genetic effects resulted
from exposute to these nuclear devices. Unless
one is willing to argue that man differs from all
other forms of life thus far studied, lethal and semi-
lethal mutactions of a2 type which might manifest
themselves as mortality in the first decade or so of
life were induced. But the present study provides no
evidence for their existence.

The exact importance to be attached to the present
ohservations depends, of course, on the estimated
mean exposure to radiation experienced by the
various exposure groups. The problem of estimating
the amount of radiation received by persons exposed
to the atomic bombs in Hiroshima and Nagasaki
is still troublesome today, after 20 years of study
of the question (see, for example, Nee! and Schull,!
Ritchie and Hurst,10 Arakawall), At present ABCC
employs the so-called T57 Dose Scale, developed
on the basis of the reports of Ritchie and Hurs:l0
and Arakawa,!l and based on distance from the
hypocenter and shielding. The estimates of indi-
vidual dosage so obtained are considered to be
accurate, for each city, only to a factor of 2, i.e.,
the true dose may be as low as 50% of the T57D
estimate, or it may be 100% greater than the T37D
estimate.12 QOne of the uncertaincies in the estimarte
stems from the facr that the yield is not accurately
known for either of the aromic bombs detonated.
Efforts to refine all of the factors entering into
dose estimates are concinuing, but for the present
we must be content with this range of uncertainty.
This TS7D estimate is for whole-body radiation;
the gonad dose will presumably be less although,
because of the high energy of the radiation, the
attenuation factor should be minor.

A dose estimate is not available for all parents of
the subjects for this study. However, the majoricy
of the parents exposed within 2000m (Exposure
Group 1) are also included (with additional persons
of similar radjation background) in a life span swmdy
of the survivors being conducted by ABCC. In
connection with this study, an average T57D esti-
mate has been derived for each 100m zone, and, as
a simple approximation, survivors in each 100m
zone have been assigned the average T57D estimate
for that zone. This procedure is less than ideal
but it seemed likely that the inaccuracies would
prove to be of minor importance compared to the
150-fold variations in dose as berween 700 and 2000m.
The average dose received by both parents of chil-

»
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dren in Major Exposure Group 1 thus estimated was
191 and 220 rad in Hiroshima and Nagasaki respec-
tively. These averages are perhaps unduly influenced
by a relacdively few persons to whom the TS7D scale
assigns doses incompatible with survival, The
median doses, whicth might be more appropriate
under these circumstances, are 65 rad for Hiroshima
and 96 rad for Nagasaki. Since the distance-dose
curve reveals that radiation is approximately 5 rad
and diminishing steadily at 2500m, the average dose
for Exposure Group 2 can be considered negligible,
close te the background dose. It must be again
emphasized, however, that in view of the various
problems regarding dosimetry, it would be unwise to
regard the particular numbers used for dose as more
than rough approximations. Using the T57D data, the
mean joint exposures to be attributed to parents
falling into the - various minor categories of Major
Group 1 may be estimated as: for Hiroshima, 270,
184, 187, 130, and 187 rad for Groups a, b, c, d, and
e respectively; for Nagasaki, 285, 212, 202, 210, and
223 rad for these same groups. These estimates,
incidentally, do not differ to a significant degree
from those derived by Neel and Schull in their
ealier treatment of this problem.

Assuming the correctness of these dose estimates,
is the present lack of findings consistent with the
corpus of experimental data, as well as the other
observations on human material? Much of the recent
experimental work has been concerned with the
effects of chronic radiation repeated over many
generations; both because of the higher genetic
vield of X units of radiation given in a single rather
than divided dosesl3 the opportunities for
selection under these conditions, direct comparisons
with these investigations seem unwise. With respect
to acute radiation whose effects were evaluated in
the first generation following parental exposure,
there is still no abundance of data for completely
relevant comparisons with the findings of this in-
vestigation. In fact, because of differences in the
length or life cycle and the tmedical care’ received by
the findisposed,’ the ‘litter size effect’ (see below),
and differing intervals berween radiation and concep-
tion, there is room for equivocation regarding any

and

comparison of dara from other mammals with man.
Perhaps the most germane comparison possible with
the present material would be 3-week or preweaning
mortality or a reasonable approximation thereto in
experimental forms with deaths under one year of
Since the present data are so predomi-
nantly concemned with offspring resulting from germ
‘cells which in the male were in the spermatogonial
stage at the rime of radiation and in the female
dictyate-stage ococytes, and because of the relation-
ship between stage of maturation ar time of radiation
and genetic yield, comparisons should be restricted

age in man.
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to the ‘post-sterile period’ offspring of experimental
mammals.

For mice, Russelll4. 15 jn extensive expetiments has
reported. a significant reduction in mean number
of offspring at weaning (age 3 weeks) following
acute paternal X-icradiation. ~ In the largest series,
a paternal exposure of 300 r, with mating in the
post-sterile period, resulted in 2 reduction in litter
size at weaning of 3.8%. Mean number of liveborn
offspring is not given. Kohnl® has reported a
statistically nonsignificant decrease in liveborn litter
size and preweaning survival in the offspring of
male mice receiving 525 r in either a single or
a divided dose and mated during the post-sterile
period. Finally, Sugaharal? has reported significant-
ly higher litter sizes and preweaning mortality among
the offspring of male mice receiving an acute dose
of GO0 r and mated during both the pre- and post-
sterile period.

In rats, Chapman et all8 failed ro observe a sig-
nificant effect on survival up to 69 days in the
offspring of males who received 450 r in three
divided doses and for whom, because of the experi-

mental design, it was assumed cthat the sperm
responsible for fertilization were from irradiated
spermatogonia, Litter size was affected differently

by radiation of the male and female parents; in the
rat, unlike the mouse, probability of death appears
to decrease with increasing litter size,1?

studies urilizing swine, Cox and Willham20
reported that, following an acute dose of 300 r of
X-rays to males mated during the post-sterile period,
mortality in their liveborn offspring during the first
three weeks of life was significantly increased.
However, a later report2l found thar this apparent
effect was confounded by differences in litter size
between irradiated and control animals; no statisti-
cally significant effect remained when this was
taken into consideration.

In

The studies on this problem which utilized human
material have all been negative. Aside from previ-
ous reports by the present investigators, the only
studies on the effect of acute radiation on survival
of offspring involve very small series concerned

with the progeny of seemingly infertile women
whose infertility was treated with 60 to 65 r of
ovarian X-radiation,2? or of women who in the

course of multiple diagnostic X-rays received a dose
bertween 7.5 and 20 rad.23 Not surprisingly, no
effects were observed. Neither Crow?4 por Macht
and Lawrence?? noted increased infantile mortalicy
among the children of American radiclogists. The
gonad doses, of chronic irradiation, are quite uncer-
Finally, Tanaka and OhkuraZ6 report an
" insignificant increase in first year mortality among

tain.
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the children of Japanese X-ray technicians as cont-
rasted with the children of pharmacy technicians, from
1.9% to 2.6%, the mean gonad dose in the former
being estimated at between 230 and 575 r of X-radi-
ation delivered in small pulses over an average of
11.5 years.

In summary, the effects of irradiation on survival in
the F, are significant for but few of the observations
on experimental mammals and none on man., How-
. ever, for the experimental material the tend is
in the direction suggested by genetic hypothesis,
i.e., reduced survival. The question arises as 1o
whether, in view of the limited data on man, a
‘best estimate’ should be derjved to compare with
the ‘best estimate’ from other mammals. In the
opinion of the present investigators until the con-
founding effect of litter size has been removed from
the experimental data, as well as cercain other pos-
sible biases summarized by Roderick,27 lirtle is to
be leamed from such a comparison. Although litter
size is usually decreased following paternal radia-
tion, it is sometimes increased. Inspection of the
published data suggests that the variance in licter
size may also be increased afrer radiation, making
simple corrections difficulr, Litter-size - specific
mortality figures are an obvious step towards accurate

comparisons. Because of the peossibility of a degree _

of prenatal selection due to intrauterine competition
in litter bearing mammals, whether even these data
can be directly compared with human dara is a moot
point. Furcher, until a figure of stacistical signifi-
cance which meets these various problems insofar
as possible is available from experimental material,
little would seem to be gained from a forced com-
parison; extrapolation from nonsignificant results is
a statistical risk exceeded only by comparisons based
on two sets of nonsignificant resules, However, most
investigators would probably agree that there is no
conflict between the results of the present studies
and those with experimental mammals, even with
allowance for the inclusion in the radiation spectrum
of the atomic bombs of a neutron component with a
higher relative biological effectiveness than gamma
radiation.

One wonders whether further study of this group of
children is warranted. Certainly it is recognized
that some 85% of mortality prior to the age of ma-
turity (say, 20 years) has occurred before the age
of 10, and that, therefore, the mortzlity to be experi-
¢nced by these groups in the immediate future is
minor compared to what has already been experi-
enced. It seems doubtful indeed thar further study
is likely to be rewarding within the next decade.
However, the issues are such that in the face of
any uncertainty continned smudy is desitable, and
uncertzinties do exist. In particular it may be
argued that the level of medical care in man delays
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‘genetic deaths’ until relatively late in the life
span. The present study with its orientation roward
cohorts and koseki determination of fact of death
does not require annual nor biennial ascertainment
to maintain the necessary
etc. so thar follow-up can
It is thus possible to permit a lapse of
time such as to increase meaningfully the numbers
of deaths before a further cycle of koseki checking
is initiated.

of survivorship status
currency of address,
continue.

SUMMARY

A cohort-type study of children born subsequent to
the aromic bombs of Hiroshima and Nagasaki and
divisible into three groups on the basis of parental
exposure {a ‘heavily’ exposed, a ‘lightly’ exposed,
and 2 nonexposed group) has failed to disclose
significant variation in morcality ascribable to dif-
ferences in radiation. The average number of years
at risk is 9, but varies from 3 to 15 years. Though
the comparison groups differ significantly wicth re-
spect to certain extraneous sources of variation in
mortality, notably parental ages, and birth rank, the
failure to observe significant mortality differences
among the exposure groups is not attributable to
the existence of this concomirant variation. In view
of the number of years of death ar risk, on the
average, and the knowledge that the bulk of mo:-
tality prior to the 2Isc birthday is, in fact, prior to
the 10th, it seems improbable that morcality prior
to maturity can be shown to be a function of parental
exposure in either Hireshima or Nagasaki. This
failure to demonstrate significant differencés among
the exposure groups does not necessarily imply
that there are no differences. It merely means that
within these years and numbers of observations
no effecr is to be seen.

TABLE 1

LALMEOEAEFEr TR L ITREL#ETE
EFBAZ L. IOBREORBRTHELSTHELSNY S
5, BUAMHPRILBROBEC L - T, RIENEER
ZEAFEERLYILOIZLLERLETAE R,
o, BEOHAFEL, —h—tlIo0T, FEIIL2
RUEHEOER L VCIBTEELTEY, BEH50012
FRECHEFRREERL T, EFAZTILHDRENO
TR #ES TR E0BAETIBERL L. Lid,
T, BEOEAFAEHREZ L VECHTIEEOMM L &8
LThs, FEAEOROCAMEMEB T A TES.
ﬁ &

LBs L URET, BRSTHIIETNAF0REL, AR
DEBIRAEIT L - T, BEOHKEE, EEOHBRELL
CEEBEOIBHIIINT, k- MAELTLEL 2
HE, BHBEOZRBUILZECHROGELENEES
Llvhd o, FHERESERIIOETHIM, HEFN
IE3E-15EMIZhA, T A, e 4, &8I,
FCRUELL: RIFTHBUACER, HFIoEHo Fi
ELUVREEMTIIBMLIEL(RE TN, Zith
DERVNAOEROEZRARR T, SHRBHOMIIFEC
BUARLZENBOON R ELLREC, B
AN PHECEER, L UAERBOFETOKRE
I, LIBT3 IEEPLCELT, #
HFUETAHORCHEEL, KBEHZVIIEBCTHTLM
BMOBBREOREL LCRT I LATTRAOL JIZE
hirtd, EEBEOMIAELZXEHGDLI LD
ik, PTLLEENZu eI EeRTLOTIRE
V. ol BzhAdofgcihAdofoiRE
MBUIOLTBRLGL -, ARENTE, BEFEH
NP LI EERLTVSETTH S,

RESULTS OF FIRST KoSEKr CHECK

#£1 BLEFEREGOER

Distance FajE m

City Sex

Not-in-City Total

% j 0-1999 2500+ -
b mATAE Bt
Hiroshima Male B 5027 5994 5966 17887
L&  Female 4 5500 5572 5573 16645
Nagasaki Male E 3159 3169 3162 9490
T Female 4 3135 3135 3127 9397
Total Male 3 9086 9163 9128 27377
af Female % 8635 8707 8700 26042
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TABLE 2 FINAL SAMPLE BY MAJOR AND MINOR EXPOSURE GROUP,

COMPONENT, SEX,

AND CITY

#2 BTl EREE - BB - EHE - - 8nm
G 1 2 3
Sex : Source Total rour B T
Tota Total i
i3 2§23 58 & a b c d i f £ h O%.l.l i
Hiroshima 5B
Male Pre GE3 BAWJ ....... 3679 28R 180 40 185 433 1231 528 123 584 1233 1213
B OGE3 ..e.ec..eui.... 9007 359 258 417 320 1622 2976 665 509 1853 3027 3004
Sex-ratiotEMLER7F.. 5201 107 194 381 185 853 1720 280 512 940 1732 1749
Female Pre GE3BLBT........ 3522 280 180 93 167 449 1169 508 141 535 1194 1159
GE3 eveesvnnnenanas  B422 360 248 393 276 1507 2784 630 496 1686 2812  28%,
Sex-ratio¥EMPRAE . 4701 108 155 353 163 768 1547 211 455 900 1566 1586
Nagasaki J%K§

Male Pre GE3 BAST........ 1521 58 100 56 87 206 507 235 56 21§ 507 507
A GE3 ...iiieenaie... 4544 9B 329 225 163 694 1513 439 240 841 1520 L511
Sex-racioPEHLEATE .. 3425 55 201 212z 129 542 1139 297 211 634 1142 1144
Female Pre GE3LABT........ 1502 72 137 5 55 181 S0l 230 36 215 5001  so0
GE3 oovvvaerensnnn.. 4514 119 272 236 150 731 1508 406 245 BS5 1506 1500
Sex-racio MM, 3351 53 190 228 137 5l 1126 283 226 619 1128 1127
TOTAL BF...evvennen. 53418 1057 2444 2794 2017 8509 17721 4712 3270 9688 17470 17828

TABLE 3 SUMMARY OF ¥ COMPARISONS OF THE DISTRIBUTION OF CONCOMITANT VARIABLES

IN THE MAJOR EXPOSURE GROUPS

#£3 EHATHCSTIHBCNEALLEROGH L OLTOR2REORRE

Variable Ciy o GEM““ E Female 47

re GE3 Sex-ratio Total Pre GE2 G Sex-ratio Total

=R BE  ceaplp 2 MIME B ceanld P M 8

Year of birth Hiroshima X2 Ns NS NS NS NS NS NS NS
i Nagasaki FEEFNg NS NS NS NS NS NS NS
M!ter"ll Ige H LL) LL] L] L LES L} Ns -m
8 D ERH N . . . e . . . .
Pll‘ity H LE) £ry NS e (X LL) - LR
HEE& N e ae L Yy . NS aw 'L}
Duretion of pregnancy H NS NS NS NS NS NS NS NS
5% AT N NS NS NS NS NS NS NS NS
Birth weight H NS NS NS NS NS NS NS NS
i ErroEE N NS NS NS NS NSt NS NS
Paternal age H e .- .. .. T T e e
ﬂcﬁg_quﬁ N e an 'Y e iy -y ') ‘.

Significant at the {"5%, **1%) level, NS noet significant,

{ +5%, ¢+ 1% )oAkBRcHEE, NSFERCRL,
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TABLE 4 ACCUMULATED RESPONSE RATE IN THE MAIL SURVEY ON SOCIOECONOMIC STATUS BY CITY
#4 pLEFNERCMTIBEAZTOEEE Mo

Mailing Fo(8 Smar Field

Iten City Fires Second Thicd Investigation %
irs
il ®E  miE * F2m ¢ Hzm * EABEE
Total -  Hiroahima 3416 100 3418 100 3416 100 34l6 100
E KB
Nagasaki 1878 100 1878 100 1878 100 1878 Loo
R
Response Hireshime 155 331 2129 62.3 2397 70.2 3306 95.8
EEH
Nagasaki 59.6 1247  66.4 1774 94.5
Sk 802 42.7 1120

TABLE § SUMMARY OF ¥? COMPARISONS OF 7THE DISTRIBUTION OF SOCIOECONOMIC VARIABLES
IN THE MAJOR EXPOSURE GROUPS

#5 ZHBRCETHHAERNEROSHC2WTOIRED BIF

Variable City PreTE3 Male %S o Total PreGi3 Fenale :fsr To Total
re (i ex-ratia Jota TE ex-ratio Tota
i WH pyplay OF Wm® B ceablmn OF MEEE

Education of father Hirashimaf5 B NS NS N5 - 131 NS NS .-
RBROERYEE Nagasaki Jg# NS NS NS NS NS NS NS NS
Educaticon of mother i1 . NS * .. NS NS NS i
B o FE N NS NS NS . NS NS NS NS
QOceupation of father i NS NS NS * NS NS NS NS
HRoOWE N NS NS NS NS NS NS NS NS
Industry of father H NS NS NS - NS NS NS NS
KHoER N NS NS . .. NS NS NS NS
Mats per persaon H RS NS NS NS NS NS NS NS
FE LAY ORE N NS NS NS NS NS NS NS NS
Food cost per person H NS NS NS NS NS NS NS NS
FRl1ASbo 1B ofeRln NS NS NS NS . NS NS NS
Gurvival status of parents H NS b NS . NS NS N5 NS
T DOEFE N NS NS NS NS NS . NS NS
Eating habits, fish H NS NS NS NS NS NS NS NS
AW p:} N + NS NS NS NS NS NS NS
Meat " NS NS NS NS NS NS NS NS

N NS NS NS NS " NS NS NS

Eggs H NS NS NS NS NS NS NS NS

)] N NS NS NS NS NS NS NS NS

Mikk H . NS NS NS NS NS NS NS

49, N NS NS NS NS NS NS NS NS

Sigaificant ac the (*5%, *"1%) level, N5 not mignificant

[+ 5%, ++1%) okEeHE, NSRARTEL.
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TABLE 6 TOTAL AND AGE-SPECIFIC DEATH RATES PER 1000 (DEATHS ALL CAUSES) BY MAJOR EXPOSURE GROUPS
FE S AR HBRETES IFRNETR (2R ) EREBHH

Souren  AEE L Total # Group®f 1 GroupBf 2 GroupEE 3 x2
Death No, Deaths Rate -Numbher Deaths Rate Number Deaths Rate Number Deaths Racte df=2
WRR SECEER LA FEroE ; FETR # FET®
BIROSHENA [K By Male 5
Pre GE3  Total #F 3670 290 8.8 1221 85 68.0 1235 102 2.6 1213 103 B4.9 2,48
GES BT ] 3679 160 43.5 1231 50 40.6 1235 51  41.3 1213 59  48.6
1 - 3519 48 13.6 1181 17 10.2 1184 18 15.2 1154 18  15.6
2 3471 21 6.1 1169 6 5.1 166 10 8.6 1136 5 4.4
3 3450 20 5.8 1163 5 4.3 E156 7T 6.1 1131 8 T.1
4 3430 M 4.1 1158 4 3.5 1149 6 5.2 1123 4 3.6
5 3416 6 LB 1154 3 2.6 1143 2 LB 1119 1 0.9
6 3416 3 0.9 1151 - - 1141 1 0.9 1118 2 1.8
7 3407 3 D.9 1151 1 0.9 1140 2 L8 1116 - -
8 3404 2 0.6 1150 1 0.9 1138 1 0.0 1116 - -
g 3402 1 @3 1149 1 0.9 1137 - - 116 - -
10 3401 5 1.5 1148 - - 1137 - - 1116 5 4.5
11 3396 2 0.6 1148 - - 1137 2 LA 1111 - -
12 3394 - - 1148 - - 1135 - - 1111 - -
13 3394 5 L% 1148 2 1.7 1135 2 L8 1111 1 0.9
14-15 0 0 0 0
GE3 Total i'[' 9007 610 61.7 2976 183 62.2 3027 232 6.6 3004 193 64.2 3. 86
0 9007 338 43.1 2976 126 42.3 3027 148 48.9 3004 114 38.0
1 g5le 62 7.2 2030 18 6.3 2879 24 8.3 2890 20 6.9
2 8557 43 5.0 2932 11 3.9 2855 15 5.3 2876 17 5.9
3 8314 28 3.3 2821 s LB 2840 14 4.9 2853 g 3.2
I 3436 22 2.6 2816 5 L 2826 7 2.5 2844 10 3.5
5 8464 22 2.6 211 8 2.9 2819 7 2.5 2834 7 25
6 Basz 12 1.4 2803 4 1.4 2812 4 1.4 2827 4 li
7 8430 ¢ 1.1 2799 1 0.4 2808 4 14 2823 -4 lL.4
8 8421 g 1.0 2798 2 07 2504 3 L1 289 31,1
9-12 16 5 6 5
Sex-Ratio Total 3F 3201 197 37.9 1720 70 40.7 1732 87 38.7 1749 60 34.3 1.01
i3k 0 5201 134 25.8 1720 48 27.9 1732 44 25.4 1749 42 24.0
1 5067 23 4.5 1672 6 3.6 1688 9 53 1707 g 4.7
2 5044 13 2.6 1656 4 2.4 1679 6§ 3.6 1699 3 L8
3 5031 1o 2.0 1652 s 3,0 1673 3 L8 1696 2 L2
41 17 7 5 5
Female 3T
Pre GE3  Total Bf 3522 262 T4.4 1169 85 T2.7 1194 98 82.1 1139 79 68.2 1.73
GE3 BLar 0 3522 141 40,0 1169 43 36.8 1194 61 511 1159 37 3.9
1 3381 43 1.7 1126 19 16.9 1133 12 10.6 1122 12 10.7
2 3338 29 8.7 1107 7 6.3 1121 9 8.0 1110 13 1.7
3 339 11 3.3 1100 2 1.8 1112 3 2.7 1097 6 5.5
4 3298 15 4.6 1098 3 2.7 1109 5 4.5 1051 7 6.4
5 3283 11 3.4 1095 5 4.6 1104 4 3.6 1084 2 L3
6 22 2 0.6 1090 1 0,9 1100 1 0.9 1082 - -
7 3270 - - 1089 - - 1099 - - 1082 - -
8 3270 2 0.6 1088 1 0.9 1099 1 0.9 1082 - -
5 32%8 2 0.6 1088 2 1.8 1098 - - 1082 - -
10 3266 2 0.6 1085 - . 1098 1 0.8 1082 1 0%
1 3264 1 0.3 1086 - - 1097 1 0.9 1081 - -
12 3263 1 0.3 1086 1 .9 1095 - - 1081 - -
13 3262 2 0.6 1085 I 0.9 1096 - - 1081 1 o9
14-15 ] 0 [ 79
GE3 Total B 8422 483 57.3 278¢ 168 60.3 2812 167 59.4 2826 148 52.4 L.97
0 B422 293  34.B 2784 30 32.3 2812 108  38.4 22 95 33.6
1 2129 64 1.9 2694 20 7.4 2704 23 8.5 2731 21 1.7
2 8065 4% 6.1 2674 23 8.6 2681 15 5.6 2710 11 4.1
3 8016 21 2.6 2651 $ 3.4 2666 6 2.3 2699 6 2
4 7995 24 4.0 2642 12 4.5 2650 8 3.0 2693 4 L5
5 7971 12 LS 2630 T 2.1 2652 1 0.4 2689 4 15
6 7959 3 0.4 2523 2 0.8 2651 1 0.4 2685 - -
7 795 5 0.6 2621 1 0.4 2650 2 0.8 2685 2 0.1
8 7951 2 0.3 2620 1 0.4 2648 - - 2683 1 0.4
9-12 10 3 3 4
Sex-Ratic Total®F 4701 139 29,6 1547 50 32.3 1566 38 24.3 1588 51 32,1 2.3
- g-cF 0 4701 106 22.6 1547 39 25.2 1566 28 17.9 1588 39  24.6
] 4595 12 2.6 1508 & 4.0 1538 3 2.0 1549 3 Ly
2 4583 A 1.8 1502 2 1.3 1535 3 20 1546 3 L¢
3 4575 6 l.a 1500 1 0.7 1532 2 1.3 1543 3 1.9
4-7 1 2 2 3
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( TABLE 3 6)

Age at Tetal §} Group B 1 Group 2 2 Group 3 3 xe
;;&cﬁf ?EDtE%Tﬁl.;-Iﬁ %oc Deﬁ.lééate Napber D?E%;gue Nu&ber Dearhs Fats Rugher Degchs Bate  df=2
NAGASAKI & & Male 5;%
. Pre GE3 Total A 1521 136 48.4 507 1z 828 507 46 90.7 507 48 94.7  0.45
GE3 Llwj o 1521 73 48.0 507 23 45.4 507 26 51,3 507 24 47.3
1 1448 25 18.0 184 7 14.5 481 7 14.6 473 12 24.8
2 1422 10 7.0 477 T 42 474 5 10,6 41 3 6.4
3 1412 11 7.8 475 3 6.3 459 i .5 468 4 8.6
4 140 5 3.6 472 4 8.5 463 1 2.2 64 - -
5 1396 10T 468 121 464 - 464 - -
6 1395 3 2.2 467 1 21 464 2 4.3 464 - -
7 1392 2 1.4 466 . - 162 1 2.2 164 1 2.2
8 1390 1 0.7 466 . . 161 - 463 17 2.2
9 1389 1 0.7 466 - - 461 - 152 1 2.2
10 1388 - - 166 - - 461 - 161 - -
11 1388 2 1.4 466 1 2.1 461 - 451 1 2.2
12 1386 1 0.7 165 - - 461 - 460 1 2.2
13 1285 . 465 - - 461 - 459 - -
14-15 0 0 0
GE3 Total 8 4544 308 67.8 1513 104 68.7 1520 110 2.4 1511 91 62.2 1.2%
0 4544 201 44,2 1513 71 46.9 1520 72 47.4 1511 58 38.4
1 4343 29 6.7 1442 8 5.6 1448 12 8.3 1453 3 6.2
2 1314 28 6.5 1434 9 6.3 1436 9 6.3 1444 10 &9
3 3286 1z 2.8 1425 5 3,5 1427 5 3.5 1a3: 2 1.4
4 4274 16 3.7 1420 3 2.1 1422 T 4.9 1432 6 4.2
5 4258 4 0.9 1417 1 0.7 1415 1 0.7 1426 2 la
6 4250 4 0.9 1alg 3 2.1 1414 r0.7T 1424 - -
7 4250 - - 1413 - - 1413 - 1424 - .
8 4250 11 2.6 1413 3021 1413 2 L4 1424 6 4.2
9-12 3 1 1 1
Sex-Ratio Total 31' J4z5 149 43. 5 1139 51 44. 8 1142 56 49.0 1144 42 36.7 2.15
@ 0 3425 118 34,5 1139 43 3.8 1142 42 36.8 1144 33 28,9
! 3307 10 3.0 109 4 3.7 1100 4 3.6 1111 z 1.8
2 3297 5 1.8 1092 - - 1096 2 L8 1109 4 36
3 3291 8 2.4 1092 2 1B 1094 4 27 15 2 1.8
4-7 7 2 4 1
Female j{'
Pro GE3 Total 3 1302 133 88.5 501 47 93.8 501 48  95.8 500 38 76.0 1.48
GE3 LLy [ 1502 65 43,3 501 22 43.9 501 25 50.0 500 18 36.0
1 1437 30 20.9 479 1z 25.1 476 10 21.0 482 8 16.6
2 1407 13 9.2 467 3 6.4 166 6 12,9 474 4 8.4
3 1394 7 5.0 164 3 4.5 460 2 44 470 2 43
4 1387 9 6.5 161 3 6.5 458 2 A4 468 4 a6
5 1378 3 2.2 158 1 2.2 456 2 44 464 - -
6 1375 1 0.7 457 1 2.2 454 - - 464 - -
7 1374 - - 456 - . 454 - 164 - -
8 1374 1 0.7 456 - - 454 B - 464 1 2.2
9 13713 1 0.7 156 . . 454 1 2 463 - -
10 1372 - - 456 . B 453 - - 463 - -
1 13712 - - 456 . . 453 - - 463 - -
12 13712 1 0.7 456 1 2.2 453 - 463 - -
13 1311 - . 455 - - 453 - 463 - -
14-15 2 0 1
GE3 Total #f 4512 286 63.4 1508 3 61.7 1306 85 36.4 1500 108 720 3,17
0 4314 174 38.6 1508 59  39.1 1506 49 32,5 1500 66 44.0
1 4340 32 7.4 1449 3 6.2 1457 11 7.6 1434 12 8.4
2 4308 25 5.8 1440 9 6.3 1445 9 5.2 1422 T 4.0
3 4283 17 4.0 143l 4 2.8 1437 5 3.5  I415 g 5.7
4 4266 15 3.3 1427 5 3.5  laag 4 2.8 1407 § 4.3
5 4251 9 2.1 1422 3 2.1 l4zs 4 2.8 1401 2. 1.4
6 4242 4 0.9 1419 1 0.7 1424 1 0.7 1399 2 1.4
7 4238 4 0.9 1418 - - 1423 2 L4 1397 2 1.4
8 4234 2 0.5 14l 1 0.7 1421 - - 1355 107
9-12 4 2 0 2
Sex-Ratio Total 3t 3381 104 30.8 1126 34 30,2 1128 35 3.0 1127 35 3L1 0.01
% [ 3381 79 23.4 112 26 231 ilig 26 23.1 1127 217 24.0
1 3302 9 2.7 1100 1 0.9 1102 3 2.7 1100 5 46
2 3293 6 1.8 1099 3 2.7 1099 3 7 1095 - -
3 3287 3 0.8 109% 1 0.9 109 2 LB 1095 - -
4-7 7 3 1 3

22



£2

TABLE T CAUSE-SPECIFIC DEATH RATES/10,000 BY MAJOR EXPOSURE GROUPS
®7 AR LLO00OMFERFIFETR | EHMEEF

Hiroshima ]KE

Nagasoki BLRF

Cause of death Male 53 Female 7 Male 8 Femnle 3

FEER Tuaf_]_nl Graep o 3 Taeal 2 3 Total 3 3 Total 2 3
All couses
SR ... e RO P 613.3 573.6 669.0 596.7 531,01 550,90 $43.3 498.R 624.9 623.6 669.0 581.9 5356.6 555.0 535.9 576.8
Infectious disesse
B . e cevses... 66,0 47.2 T73.4 TT.1 91,3 96.4 BY.T 87.% 99.1 79.1 132.5 85.4 926 BY%.3 79.7 108.7
Neaplosm
<Y 4,5 3.4 0.0 O 6.6 5.5 54 9.0 12.6 127 6.3 19.0 6.4 6.4 3.2 9.6
Allergy nutrition
Frad—, FERMEE ...........00..0. 181 E52 15,0 151 10,2 10.9 9.0 16,8 158 19.0 12.6 158 13.8 159 12,8 12.8
Bloocd disease
115723 AU 6.6 0 1.7 0o 0.6 1.8 0 ¢ .2 0 .5 0 L1 0 L2 0
Necvous, Sense organ
MHERE IR BOER . 24.0 25.3 23.4 23.5 18.6 20.0 19.7 16.1 2.6 22.2 3.2 12.7 17.0 19.1 159 16.0
Circulatory system
EERBROER ...ovea 45 6.7 50 LT 1.2 3.6 5.4 12.6 3.2 32 0 6.3 7.4 3.2 %6 9.6
Respiratory system
FEBRBE R DR .iviieieiiaiaiariaeen. 911 B6.0 91.8 95.5 655 65.5 75.4 55.6 104.3 110.6 104.1 98.0 94,7 98,9 92.5 52,7
Digestive system
HEBRROBEBR ..o ns veeeeser... 78,8 81,0 BS.1 T0.4 66.1 85.5 57.4 556 G9.5 728 72.6 63.3 6LT T3.4 0.6 5L.2
Genitourinary system
HRMABROER . oocviiiien 3.9 1.7 1.7 8.4 3.0 L8 3.6 36 8.4 12.7 9.5 3.2 4.3 3.2 9.6 9
Skin and cellular tissue
El s IvEaRoid .. 2.2 3.4 33 0 1.2 3.6 0 0 6.3 9.5 6.3 3.2 3.2 0 3.2 6.4
Bone and orgen of movement
Br rrAREoESL ... 1.1 1.7 0 1.7 0.6 1B 0 [ ] 0 0 0 0 0 0 0
Congenital Malformation .
HREE e etvmiererreencereee. 24,0 16,9 31,7 23.5 150°12.7 251 7.2 23,2 22,2 3.6 158 18,1 3,2 255 25.6
Newborn disense
FERER oo vemveeenevesenea. 114.0 118,1 135.1 8.8 123.2 120.0 125.6 123.8 154,9 148.8 179.9 136.0 118.1 118.0 108.5 127.9
111 defined N
PR E ... Meetvesernensaenere. 11001 114,7 1051 110,6 859 8l.8 91.5 84.3 7L.7 76.0 757 63.3 88.3 957 82.9 B6.3
Aceident
oM ... BN v... 67.6 52,3 80.1 70.4 31.2 36.4 34.1 23.3 327 31,7 252 41.} 22,3 22.3 255 19.2
Total subjects
..., e . 17887 5927 5994 5966 16645 5500 5572 5573 9480 3159 3169 3162 9397 3135 3135 3127

*Piffercnce among major exposurc groups signiliceat at 5% level.
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TABLE &

RELATTONSIIT? BETWEEN MATERNAL AGE SPECIFIC DEATH RATES/1000 AND MAJOR EXPOSURE GROURS

#8 AR 1000 E#oBERYITETHR = LHEH L 0K

Maternal Age Male 55 Femele ﬁ:
8 o sElh TnEt._Fl “;éc Gfﬁw 1 Rﬁ;e G(ﬁ;p 5 “gﬁn Gl’%ﬁ{;p 3 ﬂgé.u Tnﬁfl_nl Il;gte Grﬁlp 1 nggu Gri?ﬁup 5 Rate Group ;5 Hite
I roshima i By
15.1% 255 94.1 100 90.0 85 0.6 70 128.6 234 81.2 93 107.5 T3 54.8 1] 73.5
20-24 4928 58.90* 1494 57.6 1651 68, 4 1783 48.8 4554 53.1 1442 52,7 1455 4.3 1657 52,5
25-29 7085 559 2334 54.8 2267 52.5 2484 57.6 6563 44,3 2102 44,2 2145 41.6 2316 41.5
30-34 3662 71.3* 1253 56.7 1263 80.0 1146 7.1 3419 59.7 1155 58.0 1185 63.3 1079 57.5
35-3% 1554 68.2 512 66. 4 576 79.9 406 54.2 1482 60,7 537 4.5 561 51.7 384 54.7
40-44 384 12.9 162 ir.c 147 108.8 75 80.0 359 92.1 162 2.6 143 90.9 64 93.8
45+ 19 105.3 12 166.7 5 0.0 b4 0.0 24 166.7 4 222.2 10 100.0 5 200,0
Total @b 17887 6.3 5527 57.4 5994 66.9 5966 59.7 16645 53.1 5500 55.1 5572 5d. 4 5573 49,9
Unknown 70§ 0 0 0 0 [ 0 0 0 0 0 0 ] 0 0 0 0
Nagasakl 565

15-19 138 §7.0 47 63.8 36 142.9 35 28.6 144 62.5 57 35.1 40 62.5 ¥ 102.6
20-24 2088 78.1 725 06.9 701 12.8 662 4.0 2125 59.8 765 57.3 687 67.0 673 35.0
25-29 3572 55,2 1241 49.2 1128 57.6 1203 59.0 3409 49.6 1128 53.2 1127 40.8 1154 54.6
30+ 34 2151 57.6 645 54.3 696 64.7 810 54.3 2216 58.2 695 60,4 722 54.0 799 60.1
35-3% 1149 60,9 349 7.4 429 §7.6 371 7.7 1125 57.8 350 60,0 408 6.4 367 57.2
4044 367 68.1 142 56.3 148 Bl.1 7 64.9 357 67.2 129 5.8 136 80,9 92 87.0
45+ 25 30.0 10 ¢.0 11 181.8 4 0.9 1% 0.0 9 0.0 T 0.0 3 0.0
Toral B 9490 62.5 3159 -62.4 3169 66.9 ilg2 58.2 5385 55.7 3133 55,5 3135 53.6 3127 57.9
Unknown Z5HR a 0 a 0 0 0 0 0 ] 0 0 0 1 0 0 1]

pDifference of death rates among the three exposure groups are statisticelly

3 HEEMT 2T AT EOERHHIIT S %OBRECHECHS.

significant at 5% level.
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TABLE 9 RELATIONSHIP BETWEEN PATERNAL AGE SPECIFIC DEATH RATES/1000 AND MAJOR EXPOSURE GROUPS
#9 AR 00 HANROFERMPYIECE L EHMHT » 0BR

Paternsl mge Mole 35 Female 9
A5 o aE gy Toir.t?l ﬂuxéc G%lp 1 Rg‘e Gl%lip P R?é.e Gr%p 3 n;ée TostFl H;gbe G:i%up 1 RE{? Grﬁup 2 Rge Grﬁap 3 n%e
Hiroshima [5 B
15-1¢9 16 125.0 10 2090.0 5 .0 1 0.0 28 142.9 12 166.7 12 A3.3 4 250.C
20-24 1140 62.3 290 51,3 406 T4 344 64.0 1011 3.4 353 56.3 357 50.4 299 $3.5
25-29 5018 55.2 1515 54.6 1715 59.3 1728 5l.5 4685 41.2 1446 49.8 1594 4l.4 1645 50. 5
30-34 5743 50.7 1776 58.0 1851 63.2 211e 55.3 5315 48.5 1680 47.0 1678 58.4 1957 41.4
35-39 3403 64. 4 1129 60.2 1144 67.3 1130 65.5 3115 53.9 1001 55.9 1039 58.7 1075 47.4
40-44 1666 T2.0° 637 5l.8 567 82.9 462 86.6 1646 72.3 618 64.7 595 T3.9 433 a0.8
$5-49 659 7.3 294 54.4 229 917 136 3.5 602 659.8 270 92.6 212 3.7 120 75.0
§0-54 195 107.7 95 1053 60 133.3 40 75.0 180 61.1 83 60.2 68 58.8 29 69.0
55+ 46 65.2 21 85.2 16 9.0 9 111.1 61 114.8 33 121.2 11 116.5 11 6.0
Totel Bf 17886 61.3 5027 51.4 5993 66.9 3966 59.7 16643 53.1 5498 55.1 5572 34.4 5573 49.9
Unknown 7S Ef 1 1] 1 0 2 2 o 0
Nagasoki #& &

15-19 14 71.4 ] 0.0 7 142.9 1 a.4Q 5 0.¢ 1 0.9 3 0.0 1 0.0
20-24 562 96.1 223 98.7 207 g82.1 132 1138 591 50.8 220 40.9 228 52. 6 143 62.9
25-29 2407 £1.3 825 T2.7 a47 66,1 135 62.6 2392 54.8 849 0.6 801 56.2 T4Z 58.0
30-34 2940 54.4 924 46.5 a09 55.4 1107 56.9 2795 49.7 aao 53.4 851 44.7 1064 30.8
35-3% 1865 §0.1 593 59.9 574 67.9 698 54.4 1393 60.8 583 65.9 634 56,8 676 59.2
40-44 079 50.0 365 4.8 3Tz 59,1 42 35.1 1990 60.6 364 60.4 373 53.6 353 68.0
45-49 422 54.0 150 80.0 171 58.5 101 48.5 452 66. 4 ig4 §7.1 175 68.6 113 61.9
50-54 145 110.3 . 48 83.3 60 133.3 a7 loa. 1 135 66.7 53 18.9 53 4.3 29 103.4
S5+ 52 I15.4 24 41.7 19  210.5 % 11I1,1 42 71.4 20 100.0 16 0.0 3 166.7
Total B} 9486 62.4 3158 62.4 3146 66.6 3152 8.2 9395 55.7 3134 55. 5 3134 53.6 112t 57.9
Unknown A~ B 4 1 3 Q a i 1 13

*“ Difference of demth rates mmong the three ¢xpooure groups are stAtimticelly mignificant at 5% level.
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TABLE 10

RELATIONSHIP BETWEEN PARITY-BPECIFIC DEATH RATES/1000 AND MAJOR EXPOSURE GROUPS

10 An 1000 H N BITECH « EHMRE £ OB
Pariy Male B3 Fenale 3¢
1 8 M Tni?l Hg_e G%up 3 Rate Gr#lp g PRate Gr¥p 3 Raée To#l R;é.e Grﬁ;p 1 Ruﬁfe Gl‘%ﬂp 2 Hsnghn Gi#m 3 Rate
Hiroshiaz & B
1 5675 51,5 1839 50.0 1763 58.4 2073 46.8 5345 45.1 1747 44.1 1706 44.5 1892 46. 5
2 §151 56.7 1698 59.5 lssa $8.1 1765 52.7 4713 48. 4 i518 44.1 1512 52.9 1683 48.1
3 3114 64.% 1046 59.3 1043 72.9 1025 62.4 2079 46.0 975 56.4 1005 45.8 99% 36.0
4 1751 73.1+ 565 36.6 658 69.9 528 94,7 1563 74.9 543 90.2 535 56,1 485 78. 4
5 850 72.9 302 19.5 318 66.0 230 73.9 828 66.6 278 £8.3 321 84.1 227 39.6
6 460 B4.8 163 T3.6 170 100.0 127 78.17 408 75.8 144 62.5 les 9.4 96 72.9
7 481 99,8+ 184 48.9 268 134.6 89 123.6 418 83.7 160 87.5 182 65.9 76 118. 4
Total Bf 17482 60.8 5797 57.3 5348 66.5 5837 58.6 16250 52.0 5365 54.1 5427 52,9 5458 49.1
Unknown T Bj 405 130 146 129 395 135 145 115
Nagasaki % L)
1 2352 70.6 B2s 72.7 792 T18.3 735 5%.9 2360 52.5 809 45.7 792 48.0 759 64.6
2 2269 52.4 T28 46.7 114 58.8 8§27 52.0 2256 53.2 743 33.8 718 59.9 795 46.5
3 1833 62.7 595 68.9 379 42. 4 661 69.6 1839 4%. 3 591 55.8 598 43.5 650 49.2
4 1235 54. 3 403 57.1 412 60.7 420 45.2 1157 58.8 401 47.4 349 60.2 407 68.8
5 744 31.8 254 39. 4 246 69.1 244 65.6 785 §3.8 260 5.7 294 54.4 231 41.6
6 421 61.8 138 87.0 167 65,9 116 25.¢9 93 66.2 127 102. 4 140 42.9 125 55.6
7 502 83.7 178 T?.D 222 103,6 102 58.8 471 T16. 4 157 57.3 199 75,4 1315 104.3
Tounl RF 9358 61.8 3121 61.8 313z 65.4 3145 5T.0 9261 54.7 as 53.8 3040 53. 4 083 57,1
Unknown A~ BH 132 38 37 57 136 47 45 44

*Difference of denth rates among tho throo cxposure growps ave mtacistically significent at 5% lavel.
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TABLE 11 DEATH RATES/1000 FOR FIKED MATEHNAL AGE 25-29 BY PARITY
#®11 BROFHLEELCEA ( 25-290) @ AD 1000 MWL HIFETR

Parity Male B Female 7
. Total Rate Group Rate Group Rate Group Rate Total Rate Group Rate Group Hate Group Rate
MM B % m ' o® w ' ox o owm G % Mx % ' Ok ® 1 %k g °
Hiroshima [ B
1 1828 46.0 636 42.5 541 sl.g 651 44.5 1430 33.3 592 25.3 609 36.1 629 8.2
2 2706 §2.5 11 52.0 857 52.5 964 32,9 2485 40.8 178 42.4 790 46.8 §17 338
3 1571 54.1 508 61,0 514 40.9 54% 60.1 1473 38.7 463 49.7 495 34.3 514 33.1
4+ 794 4.4 254 8.7 250 75.9 250 100.0 672 84.8 239 T%. 5 214 8.8 219 86.8
Total BF &899 54.8 2283 54.3 2202 52.7 2414 57.2 6460 42.7 2072 43.4 2109 45.0 2279 39.9
Unknawn 7~ 3 186 51 65 70 103 kL 36 37
Nugasaki % Kf
1 345 56.8 291 51.5 258 66.0 266 52.6 843 43.9 230 32.1 288 4.7 275 63,5
2 1172 4.5 393 30.5 363 52.3 416 64.9 1130 5.4 364 52.2 380 42,1 386 57.0
3 249 54.8 343 61.2 28 45.1 ils 56.6 872 39.0 279 50.2 284 42,3 309 25.9
4+ 555 54,1 200 50.0 179 12.6 176 3%.8 532 TL. 4 194 82.5 169 47.3 169 82.8
Total R 35210 53. 4 1227 47.3 1118 57.2 1176 96.1 3377 49.2 1117 51, % 1121 4L.0 1139 54.4
Unknown 7~ BY 51 14 10 27 az 11 6 15
TABLE 12 DEATH RATES/1000 FOR FIXED MATEHNAL AGE BY PATERNAL AGE
®12 HEOFRYEBLALHEOAR 1000 FETE : LB oFwN
Paternal Age ot = Male I Femals fr
44 O 4E: ‘o ba ate  Group Rate Group Rate Group Rate Total Rate {iroup Rate Graup Rate Group Rote
o #_ ® wml w0 W W'Y R W el ox 2 B S W
Hiroshima [5f%
=24 167 59.9 66 45.5 55 72.7 46 65.2 118 59, 3* 50 20,0 34 29.4 34 147.1
25-29 1971 50. 2 645 51.2 665 48.1 661 51. 4 1891 34.9 581 36.1 680 0.9 630 8.1
30-34 3485 55.1 1101 53.6 1093 53.¢ 1289 57.4 3193 43, 5 992 43.3 1004 53.8 1197 35.1
35-39 1206 35.6 411 56.0 3as 46.8 410 63. 4 loss 56.8 348 57.5 342 64.3 366 49.2
40+ 256 85.9 111 90.1 67 R9.6 78 6.9 303 62.7 129 62.0 85 47.1 B9 8.7
Total RE 7085 55.0 2334 54.8 2267 52,5 2404 57.6 6561 44.4 2100 4.3 2145 47.6 2316 41.5
Unknown 75 B 0 o 0 0 2 2 Q L]
Nagasahi & K
- 24 -0} 87.5 32 0.0 27 148.1 21 142.9 80 62.5 27 74.1 32 3.3 21 95.2
25-29 1081 57.4 394 55. 8 aae 51.8 301 G6.4 1082 44.4 363 35.8 384 49.5 335 47.8
30-34 17162 49.9 589 44,1 533 46.9 640 s1.8 1568 51.9 497 60.4 452 3.6 579 55.3
35-39 530 4.7 136 59.1 146 68.5 198 40. 4 564 49.6 199 50.3 179 39.1 184 59.1
40+ lis 93.2 19 5L.3 36 166.7 43 69.8 115 69.6 42 119.0 40 25.0 33 60.6
Total #f 3571 55,2 1240 49, 1128 57.6 1203 59.0 3409  49.6 1128 53,2 1127 40.5 1154 54.6
Unknown A< 8§ 1 1 0 0 L] ] 1] 1]

Difference of death rates emang the three exposure groups are ststiatically aignificant nt 5% lavel.
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TABLE 13 COMPARISON OF OBSERVED AND"EXPECTED DEATHS BY MINOR EXPOSURE GROUPS
BRI R TER L RO LR | BRa

Sex Source Categary Minor wnnu% [T
[ [-&28. 2 E4& L b e d ® f [4 [} i df=g
Hiroshims [5 B

Male Pre GE3  Observed EH,,... 18 13 19 13 22 B - 10 54 103 18.32°
B GE3 BAM Person-year A 2E... 3945.0 2423.0 1744.0 2548.5 6034.5 7169.0 1647.5 7765.0 16208.5
Expected JIEE®K. ..., 22,9 141 10.1 148 350  4L.6 9.6 450  94.0
Rate B.oovvrninerns 4.6 5.4 10.9 5.1 6.1 3.6 5.3 7.0 6.4

GE3 Observed BLERH . ..., 27 20 31 16 91 55 43 134 193 12.86
Person-year A £E 3867.5 2719.0 4307.5 3439.0 17021,0 7200.5 5126.5 19184.5 31695.0
Expected HEF 24.8 17.4 27.6 22,0 108.9  46.1 32,8 122.8 202.8
Rate T ... 7.0 1.4 7.2 4.7 5.3 7.6 8.4 7.0 6.1

Sex-ratio Observed ZRH . 7 [ 12 10 33 16 20 31 60 8.95
HIBE Person-year A E ... 603.5 1048.0 2099,5 1014.5 4862.5 1540.0 2794.0 5397.0 9837.5
Expected HI#58L. . ... 4.0 7.0 141 6.8 326  10.3  18.7  36.2  65.9
Rate Boueeraennnnn, 11.6 1.6 5.7 9.9 6.8 10.4 7.2 5.7 6.1

Female Pre GE3  Obsecrved SEEE 25 16 8 11 25 4 13 44 79 6.95
% GE3LLE Person-year A ... 3735.0 2403.0 1230.5 2308.5 6170.5 6837.0 186L 5 7298.5 15737.5
Expected BEEEL.. ... 20,5  13.2 6.0 12,7 339 37.6 10.2 40.1  86.6
Rate 3 .....oonl... 6.7 6.1 6.5 4.8 4.1 6.0 1.0 6.0 5.0

GE3 Observed B 23 14 32 17 82 42 33 92 148 9,42
Person-year A %£. 3501.0 2670.0 4033.5 2966.0 15954.5 6813.0 5127.0 17856.0 30197.0
Expected HIAEHL ..., 20.7 4.2 2L.4 157 846 361  27.2  94.6 160.0
Rate 3B . .o.ovvanns 5.9 5.2 7.9 5.7 5.1 6.2 6.4 5.2 4.9

Sex-ratio Observed REES..... 4 4 7 3 32 1 16 21 51 13.1s
HEHTRE pPersen-year A £ ... 630.0 B47.5 1524.5 940.5 4362.0 1207.5 2449.5 5212,0 8929.0
Expected JEEEL..... 3.3 4.4 10.0 4.9 22,7 6.3 12,7 27.1  46.4
Rete 3B .. ... iueas 6.3 4.7 3.6 3.2 7.3 8.8 6.5 4.0 5.7

Nagasakj 5K}

Male Pre GE3  Observed BLERE. . .. 3 10 - 7 22 16 10 20 48 17.01°
B GE3 B B Pecson-year A 2E,.. 797.0 1309.0 788.0 1153.5 2646.0 3145.5 676.0 2812.0 66325
Expected HAFRSL..... 5.4 8.9 5.4 7.8 18.0  2L.4 4.6 19.1 451
Rate 38 veareersiens 3.8 1.6 0.0 6.1 8.3 5.1 4.8 7.1 7.2

GE3 Observed R EE 8 22 17 6 51 31 12 67 94 B.45
Persen-yesr A 2 ... 1005.0 3372.5 2304.5 1684.5 6926.0 4542.5 2451.0 B293.5 15401.5
Expected #i#5%..... 6.6 22,3 1s.2 1.1 457 30.0 162 547 1oL
Rate B.iovienrnnes 8.0 6.5 7.4 3.6 7.4 6.8 4.9 8.1 6.1

Observed BLIEE 3 13 4 8 23 13 12 3 42 9.80
Person-yesr A 5F ... 303.5 1088.5 1112.0 663.5 3106.0 1605.5 1146.5 3513.0 6358.0
Expecced HIF58..... 2.4 8.5 8.7 5.2  24.2 12.5 B.9  27.4  49.6
Rate 3B . ..iieiaines 9.9 11.9 .6 12.1 7.4 8.1 10.5 8.8 6.6

Female Pre GE3  Observed BZE¥L..... 5 14 5 6 17 24 5 19 38 3.14
#  GE3LIW Person-year A % ... 966.0 1783.5 738.0 711.5 236l.5 29%0.0 739.0 2808.5 6560.0
Expected FAFEH. ..., 6.5 11.9 4.9 4.8 15.8 20.0 5.0 18.8 44.6
Rate 3 vvevanninnes 5.2 7.8 6.8 8.4 7.2 8.0 6.8 6.8 5.7

GE3 Observed RZEH..... 6 18 9 12 48 24 14 47 108 7.67
Peracn-year A 4E ... 1270.5 2763.0 2452.0 1517.0 7354.5 4206,0 2457.5 8742.5 15154.0
Expected HAZE%..... 7.9 1.1 152 9.4 456 261 152  54.2  94.0
Rare B ... 4.7 6.5 3.7 1.9 6.5 5.7 5.7 5.4 7.1

Sex-ratio Obscrved PEIEL..... 3 3 11 4 13 9 4 22 35 7.48
B E Person-year A &F ... 2g1.5 1007.0 12130 754.5 2882,0 1493.5 11950 3452.5 6122.5
Expec ted HAEREC. . - - 1.6 5.6 6.8 4.2 16.1 8.4 6.7 19.3  34.3
Rate ... _.... 10.7 3.0 9,1 5.3 4.5 6.0 3.3 6.4 5.7

+Difference of death rates umong the nine exposure groups mre statiscicnlly significant ac 5% level.
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