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SUMMARY

The object of this study was the determination of
whether atomic radiation reduced the possibility of
conception and successful reproduction over an
extended period of time. Measures of the chance of
conception and the chance of successful reproduc-
tion were defined respectively as the pregnancy rate
R, and the birth rate R,. Average values of these
fertility indices were obtained for three samples of
Hiroshima and Nagasaki women. For one of the
samples two other related fertility indices, the time
to the first conception and the time to the first live
delivery, were defined.

Mean values of the fertility indices of the samples
were computed for the exposure groups Not-in-City
(NIC), 0-9, 10-99, and 100+ rad. For Nagasaki the
latter dose group was subdivided into 100-199 and
200+ rad groups. These means were then compared
using Analysis of Variance techniques.

The results of the statistical analyses may be
summarized as follows:

Consistent significant differences were found
between the Hiroshima and Nagasaki samples,
indicating the Nagasaki population to be more
fertile;
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Significant differences were found between those
who practiced contraception and those who did
not, the latter group exhibiting a higher pro-
portion of childless marriages;

Differences between percentages of women with
zero pregnancies and live births nowhere varied
significantly with dose;

Differences between the average pregnancy rates
and birth rates for those with at least one
pregnancy and birth respectively, and differences
between times to first conception and birth for
those in the 100+ rad dose groups (high dose)
and those in city in the 0-9 rad dose groups
(low dose) were everywhere insignificant;

Only for two sample divisions were differences
among the means of all four in Hiroshima, and
five in Nagasaki, dose groups significant. In one
case the significance was due to high 0-9 rad dose
group and low 10-99 rad dose group mean birth
rates, in the other to high 10-99 rad dose group
mean birth rate; L.

In comparing percentages of women who had
experienced miscarriage and in comparing the
rate of miscarriage (percentages of pregnancies
which ended in miscarriage), two sample divisions
showed marked dose effects. In one, a sig-
nificantly higher percentage of women with at
least one miscarriage was found in the 100+ rad
dose group than was found in either the 0-9 rad
or NIC groups, yet the rate of miscarriage for
these groups was not significantly different. In
the other, the rate of miscarriage was low for the
0-9 rad dose group and high for the NIC group.

The overall emphasis of the analyses indicated that
there was no evidence to suggest that those in the
high radiation dose groups uniformly suffered
impaired long-range fertility.

INTRODUCTION

Information concerning the reproductive histories of
approximately 2800 married women in the ABCC-
JNIH Adult Health Study Program in Hiroshima and
Nagasaki was obtained from personal interviews.
From the information volunteered by those inter-
viewed, numerical values of fertility indices were
obtained. The averages of these measures of
fertility among women with differing exposure to
the 1945 atomic explosions were then compared.
The intent was to determine whether radiation
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effects reduced the possibility of successful repro-
duction. This report presents the results of those
comparisons.

BACKGROUND

Excessive exposure of the gonads to ionizing radia-
tion may result in temporary or permanent reduc-
tion in the number of spermatozoa and ova produced
in the male and female respectively.l In addition,
gonadal exposure may result in the production of
abnormal spermatozoa and ova. These changes may
be manifest in either the number of fertilizations or
the outcome of these fertilizations resulting in what
has been called effective or functional sterility
respec‘rively.2

Studies to determine immediate and short-term
effects upon fertility of the atomic bombs of
Hiroshima and Nagasaki have been conducted. The
Joint Commission for the Investigation of the
Atomic Bombs in Japan reported a reduction in
sperm counts correlated with distance from the
hypocenter, histological gonadal changes in fatal
cases within 1450 m from the hypocenter, and
frequent abnormal pregnancy terminations clurmg
the 3 months following the A-bomb in Nagasaki.’?
Neel and Shull* later examined the effect of
exposure to ionizing radiation upon pregnancy
termination. Their study, which analysed repro-
ductive experience during the years 1948-53, noted
no differences in the production of offspring
between groups of exposed and nonexposed parents.
Ishibashi et al® noted differences between groups of
exposed and nonexposed but commented that
these were due to environmental factors.

The midpoint of the time of interviews conducted
in this present study was approximately 18 years
after the bombs. Hence our reproductive histories
were obtained over considerably longer periods than
earlier studies, and yield the opportunity of search-
ing for latent or long-range radiation effects not
previously afforded.

Concurrently with the interviewing for the present
project a separate study based on official family
registration records was carried out. That study,
reported by Siegel® examined the distribution of
live births and showed no differences in the ratios of
number of live births to years of marriage among
individuals divided into groups according to distance
from the hypocenters of the atomic explosions of
1945.
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The study reported herein examines not only those
pregnancies which resulted in live births, but all
conceptions. The information available from the
interviews includes, for each individual, the number
of pregnancies, the outcome of each pregnancy, the
date of each pregnancy termination, and the duration
of each pregnancy. From this information various
measures of fertility can be determined.

METHODS
Measures of Fertility

In the broadest sense a study of the fertility of a
population should thoroughly examine the sexual
behavior of the population. Such a complete study
would determine fertility as a function of the
frequency and timing of coitus, the frequency of
ovulation, and the resulting conceptions. A study
based upon the highly personal information involv-
ing patterns of intercourse was not considered
feasible. For the present study, fertility will be
defined in terms of conceptions: both the number
of conceptions as well as the outcomes of those
conceptions.

Two measures of an individual’s chance of concep-
tion which have been employed extensively in the
literature will receive the greatest share of our
attention. These are the pregnancy rate and the
birth rate. Originally proposed by Pearl,” the rate
of pregnancy, which we will denote herein by Ry,
is defined as
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Number of pregnancies

AT i ] K

R].:

Number of months exposure to pregnancy
IR A H %

The number of months exposure is given by the
number of months of marriage minus the elapsed
time, in months, during which conception is
believed physiologically impossible. To obtain this
exposure time the time spent in pregnancy was
subtracted from the total marriage time (Time spent
in postpartum lactation was not excluded from
exposure time and the duration of each pregnancy
was recorded in the interviews in terms of lunar
months (28 days), but in the determination of R; a
lunar month was considered the equivalent of a
calendar month). The birth rate, which we will
denote by R,, is defined as
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Number of live births
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The larger an individual’s birth rate or pregnancy
rate, the more “fertile” that individual is.

We will consider two other measures which describe
an individual’s ability to conceive. These two
measures are the time, in months, till the first
conception, denoted by 7T;, and the time, in
months, till the first live birth, denoted by T2‘

In addition to the four measures listed above which
are computed for each individual, several other
measures of fertility have been computed for each
group. These include the percentages of women
with zero pregnancies or live births, the percentages
of women with at least one miscarriage, and the
percentages of pregnancies which resulted in
miscarriage.

The Sample

Married women of various ages and backgrounds
were interviewed concerning their reproductive
histories. The interviews were conducted as part of
regularly scheduled biennial visits of members of
the Adult Health Study Program in Hiroshima and
Nagasaki during the years 1962-64. Those who had
been divorced, separated, or who had no estimate
of dose received from the A-bombs were not
considered. (Individual radiation dose estimates as a
function of distance and shielding have been calculat-
ed for approximately 90% of the Adult Health
Study sample. The system of dosimetry employed
has been labeled T65D®).

Approximately 25% in Hiroshima and 10% in
Nagasaki of those interviewed who were married
after 1945 had undergone sterilization operations
(including hysterectomies). Separate analyses were
conducted for these women. All the members of
the sample were necessarily alive in 1962, hence
any influence on fertility that was expressed in
women who died before 1962 can not be measured.

After exclusion of those who had been sterilized,
the sample consisted of a total of approximately
2400 Hiroshima and Nagasaki women. This sample
was divided into two groups. One, consisting of
those who were married after the bombs, will be
denoted as the post-1945 marriage sample (post-45
ms). The entire marriage experience for women in
the post-45 ms occured after their exposure. The
other, consisting of those who were married prior to
August 1945 vet who were still sufficiently young
to conceive after that time, will be denoted as the
pre-1945 marriage sample (pre-45 ms). Since it was
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desired to determine possible radiation effects, only
those conceptions which occurred after the bombs
were analysed for this group. Only those aged less
than 40 in August 1945 were considered. Sawada®
has shown that in women over 40 the onset of
menopause was accelerated by A-bomb exposure.
Tietze!'® in a study of Hutterite women noted that
nearly one-third failed to produce further offspring
after age 40 and that nearly seven-eighths failed to
produce additional offspring after age 45.

Individuals in the post-45 ms were classified accord-
ing to their length of marriage. The length of
marriage L was defined by

FHEO &2 TR AT % - /2. 19456 8 F 4154055
RMOEOHEBEEOMSELE L R, 405D E
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L = min (date of menopause, date of interview) — date of marriage
(BAERR, mHEAD) -&BFEAR

To allow for Wwhat was considered a minimum
amount of time for reproduction to take place, only
those women married at least 3 years were consider-
ed. Two marriage length groupings were employed:
those married 10 years or less and those married
more than 10 years (Beebe!® in a study of a Tural
population in the Southern Appalachians of the
United States, noted that the chance of conception
as measured by the pregnancy rate R;™ or birth
rate R, "declines as the length of marriage increases).

For the pre-45 ms individuals were not grouped
according to marriage length, but according to the
number of children born before the A-bombs. The
pre-45 ms was also divided into two age categories.
Those aged 35-39 in August 1945 were considered
separately. Because of their relatively advanced age,
this group may be thought of as being of marginal
fertility. It was of interest to determine whether
their ability to produce additional offspring was
affected by atomic radiation.

A particularly relevant, but difficult to accurately
quantify, factor in assessing an individual’s fertility
is the practice of contraception. When the interviews
were conducted, indirect questioning (see Appendix)
was employed to determine if some form of
contraception was utilized at any time during the
marriage. Based on the answers to those questions,
both the post-45 ms and pre-45 ms were divided
into two sections. One, designated as the C— group,
consisted of those who did not admit to practicing
contraception. The other, designated as the C+
group, consisted of those who practiced contra-
ception at some time after August 1945. In
Hiroshima 53% of those interviewed in the post-45
ms did use some form of contraception. In Nagasaki
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the corresponding figure was 37%. For the pre-45
ms, 17% in Hiroshima and 14% in Nagasaki indicated
that they did practice contraception (for those aged
less than 35 in August 1945 the percentages were 23
and 17 for Hiroshima and Nagasaki respectively).

The final classification of individuals within the
samples was according to total radiation dose
received from the A-bombs. The women interviewed
were classified into one of the following dose
groups: 1. Not in city (NIC); 2. 0-9 rad; 3. 10-99
rad; and 4. 100 or more rad (100 +). In Nagasaki
where a considerably larger proportion of the
sample received high total doses, the fourth group
was divided into subgroups 4a. 100-199 rad;and
4b, 200 or more rad (200 +).

Dose estimates were available only for the women
interviewed.  Accurate dose estimates for their
husbands could not be obtained. In a study of
approximately 50,000 children, members of the
JNIH-ABCC F; sample born during the years
1946-58, a highly significant correlation between
exposure groupings of husbands and wives (fathers
and mothers) was evident (see Table 1 of Okada'?).
Hence possible differences in the fertility indices
due to radiation should in fact be more pronounced
than if the husbands’ exposure were uniform
throughout the four comparison groups defined
above.

Tables 1 and 2 list the numbers of individuals in the
divisions of the post-45 ms and pre-45 ms respective-
ly by city, marriage length or number of children
born by August 1945, T65 dose, and use of
contraception. Table 3 gives the numbers of those
in Hiroshima and Nagasaki in the sterilization
sample. The marriage length L for the sterilization
sample is defined by
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L = date of sterilization — date of marriage
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Methods of Analysis

As just described the individuals within each city-
contraception grouping were classified according to
two criteria. One was dose. The other was marriage
length in the post-45 ms and the number of children
born before August 1945 in the pre-45 ms. With
the observations so divided into relatively homoge-
neous groups, Analyses of Variance (AOV) were
employed to test whether significant dose effects
existed.
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TABLE 1 POST-1945 MARRIAGE SAMPLE

#2 1  1945iE i AEIE T
Marriage Length C+ c—
W
Hiroshima Total NIC 09 10-99 100+rad Total NIC 0-9 10-99 100+ rad
155 5 i i A it A
<10 yr 185 44 67 47 27 207 46 78 64 19
1+ 274 88 85 64 37 204 71 68 38 27
Total &t 459 132 152 111 64 411 117 146 102 46
Nagasaki Total NIC 0-9 10-99  100-199 200+ Total NIC 0-9 10-99 100-199 200+
g i i N A A it i N A
<10 yr 68 15 29 5 9 10 159 43 49 19 19 29
11+ 116 31 35 9 12 29 160 40 32 21 36 31
Total &3 184 46 64 14 21 39 319 83 81 40 55 60
TABLE 2 PRE-1945 MARRIAGE SAMPLE
%2 194SHEATAS IR
Age Group 1 (Less than 35 in August 1945) 3 1 @ 3¥ (19455 8 H 4 IF 3580 K5 )
Children Born by
August 1945 C+ c—
19457¢ 8 H LL&T o 1k T # -
Hiroshima Total NIC 09 10-99 100+ rad Total NIC 0-9 10-99 100+ rad
15 5 it i WA £ Ei i A o
0-1 75 20 23 21 11 190 35 65 69 21
2+ 54 12 20 16 6 238 65 83 71 19
Total it 129 32 43 37 17 428 100 148 140 40
Nagasaki Total NIC 09 1099  100-199 200+ Total NIC 0-9 10-99  100-199 200+
1 g E AN A E it ifi P9 A A2
01 13 5 5 1 0 2 65 17 15 13 10 10
2+ 13 5 5 il 1 1 58 9 17 15 9 8
Total &t 26 10 10 2 1 3 123 26 32 28 19 18
Age Group 2 (35-39 in August 1945) 5 2 E i (19454E 8 H 20%35 - 39 )
o Hiroshima 15 Nagasaki =&
Total NIC 0-9 10-99 100+ Total NIC 0.9 10-99  100-199 200+
Fi iR i A E
0-1 58 10 23 19 6 11 1 4 3 2 1
2+ 218 56 84 54 24 38 11 13 5 3 6
Total &3 276 66 107 73 a0 49 12 17 3 5 7.
TABLE 3 STERILIZATION SAMPLE, HIROSHIMA AND NAGASAKI
#3 FTRFNE, KB LUEH
Marriage Length Total NIC 0-9 10-99 100+ rad
5 U A it i AR
<10 yr 273 98 69 58 48
11+ 72 23 23 11 15
Total &F 345 121 92 69 63




The data within each city-contraception grouping
were analysed as would data arising from two factor
factorial experimental designs. Since the pregnancy
and birth rates R, and R, are proportions which
typically follow a binomial distribution, and since
the times to first conception and first birth T, and
T, are integer valued variables with markedly
skewed distributions (see Figures 1-4 for frequency
histograms of the distributions of R;, R,, T; and
T, for the Hiroshima post-45 ms) transformations
were applied so that the necessary assumptions for
the AOV would more nearly hold. For the rates R
and R, an arcsin square root transformation was
applied. Because of the large jump at the origin for
the C— groups as seen in Figures 1 and 2, the
transformation was applied to those with R, and
R, strictly positive. Percentages of zero pregnancies
and live births were compared separately. For the
times T, and T, a square root transformation
was used.

In addition to the AOV on the observations R, R,,
T, and T,, statistical tests utilizing contingency
tables of dose vs percentage were conducted to see
whether the percentages of individuals classified
according to certain criteria varied with dose.
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FIGURE 1 RELATIVE FREQUENCY OF PREGNANCY RATES, POST-1945
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FIGURE 2 RELATIVE FREQUENCY OF LIVE BIRTHS, POST-1945
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FIGURE 3 RELATIVE FREQUENCY OF TIME TO FIRST PREGNANCY, POST-1945
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FIGURE 4 RELATIVE FREQUENCY OF TIME TO FIRST LIVE BIRTH, POST-1945
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RESULTS AND DISCUSSION

The results of the statistical tests upon the signifi-
cance of radiation dose and tables of mean values
for the several fertility indices under study are
presented. Note that the sample values of the
different fertility measures were all obtained from
the same samples of Hiroshima and Nagasaki women
so that the statistical analyses for R, R,, Ty, and
T, are not independent. Throughout this section
the terms “‘significant and “highly significant”
refer to statistical significance at the .05 and .0l
levels respectively.

The primary interests of the study were examina-
tions of the pregnancy rates and birth rates of the
post-45 ms to see how they varied with exposure to
atomic radiation.

One of the first questions asked was whether those
in the high radiation dose groups (100 + rad), were
sterile in comparison with the remaining groups
(i.e., whether the proportions of those with no
pregnancies and with no live births differed accord-
ing to dose). Tables 4 and 5 list these proportions.
The sample sizes have been given previously in
Table 1.

Within each contraceptive group there was no
significant difference among the dose groups in
either the proportions who failed to conceive or
who failed to deliver a live birth.* There is certain-
ly no suggestion of high dose decreasing the likeli-
hood of conception or reproduction. In fact, for
both Tables 4 and 5, the reproductive performance
of the high dose groups was superior to the
overall average.

Perhaps the most interesting aspects of Tables 4 and
5 are the highly significant differences between the
C+ and C— groups. Whereas sizeable numbers of
those in the C— group had sterile marriages, nearly
everyone in the C+ group, the group which practiced
contraception, conceived at least once and delivered
at least one live birth. Apparently the C+ group
consisted of those who had demonstrated an ability
to reproduce and who wanted to curb that ability.
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*The tests performed were x tests for homogeneity. In Nagasaki where the numbers of individuals in the divisions were
small, the samples were compacted into two dose groups, (-9 cmd 100+ (the 10-99 group was ignored) in order for the x
test to be applied. Unless otherwise indicated, all subsequent x tests for Nagasaki will be applied to these two combined

high and low dose groupings.
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TABLE 4 PERCENT WITH ZERO PREGNANCIES

# 4 TR A
ContGr:ception Hiroshima  If £ Nagasaki & 1%
Egﬁ Total  NIC 0.9 1099 100+ Total NIC 0-9 10-99  100-199 200+rad
. it WARE it T
c- 13.4 12.9 15.1 13.7 10.9 7.5 8.4 7.4 12,5 5.5 5.0
C+ 0.4 0.0 0.7 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total & & 6.6 5.6 7.7 7.0 4.5 4.7 5.4 4.1 9.3 3.9 3.0
TABLE 5 PERCENT WITH ZERO LIVE BIRTHS
#5 REER ABE
Contraception Hiroshima E.‘n‘; Na;asé-ki il
f}m"q Total  NIC 09 1099 100+  Total NIC 0-9 1099  100-199 200+rad
e AE it i A E it il P9 A 7E
g= 24.1 20.5 27.4 24,5 21.7 11.9 12.0 14.8 20.0 73 6.7
C+ 0.9 0.8 1.3 1.8 0.0 1.1 0.0 3.1 0.0 0.0 0.0
Total 4 it 12.0 10.0 14.1 12.7 9.1 8.0 7.8 9.7 14.8 5.3 4.0

Of all those who did practice contraception, a large
majority (82%) began the practice after the yearof
their first pregnancy.

No evidence of differing contraception practices
according to dose received was noted. A conjecture
that had been raised was that those in the high dose
groups, fearing unknown A-bomb effects, might not
want to produce offspring. This conjecture was not
supported by the data. In fact, out of the entire
sample interviewed, only 10 (less than .4%) indicated
they were reluctant to have children because they
feared the consequences of the bomb.

Within the C— groupings, the percentages of those
with zero pregnancies and zero births is highly
significantly larger in Hiroshima than Nagasaki. In
fact the percentages for Hiroshima nearly double
those of Nagasaki.

Finding no differences among the proportions of
those with R, and R, equal zero due to radiation,
we next sought to determine whether differences in
pregnancy or birth rates existed for those who
conceived or delivered at least once. Analyses of
variance were conducted on the transformed sample
values of R; and R,.

For the pregnancy rate R, for both contraception
groups and for both cities, the AOV showed no
significant dose effect. Table 6 lists the mean values
of R, for those who conceived at least once. For
the C+ groups these means are essentially the overall
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TABLE 6 MEAN PREGNANCY RATES

#6 FHERS
Marriage Length
I C+ G
Hiroshima Total NIC 09 10-99 100+ Total NIC 09 10-99 100+
7= 7 i N A A it WWTE
< 10yr 042 050 042 037 041 043 044 042 045 040
11+ 030 .030 030 030 031 .026 025 024 032 024
Total & # .035 036 .035 032 035 .035 .033 033 040 .030
Nagasaki Total NIC 0-9 10-99  100-199 200+  Total NIC 09 10-99 100-199 200+
Eo it i N # i P A5 £
<10 yr 049 062 046 056 039 041 050 048 051 032 .055 060
11+ 037 042 .035- .035 033 038 034 035 032 037 .035 033
Total #3#F 042 049 040 042 035 039 042 042 .043 034 042 046
Ryl Number of Pregnancies 448l & (R, >0)
Number of Months Exposure to Pregnancy i@ e[ #
TABLE 7 MEAN BIRTH RATES
KT M
Marriage Length
g5 5 01 1 G .
Hiroshima Total NIC 0-9 10-.99 100 +rad Total NIC 0.9 10-99 100+ rad
15 B 7 il AR 3 MATE
<10 yr 238 262 243 24T 221 256 231 264 273 230
11+ A75 173 187 .168 167 A77 146 .144 164 .152
Total &df .200 .203 211 .188 190 .199 177 203 229 178
Nagasaki Total NIC 09 1099 100-199 200+  Total NIC 09 1099  100-199 200+
1% F i 9 A 4E i A
<10 yr 278 304 .264 331 289 241 .339 275 345 507 .319 .346
11+ 224 224 214 .245 227 228 237 236 220 .282 .243 220
Total #3&f .243 .250 236 276 254 231 285 .256 .290 .380 268 279
B Number of Live Births 4 ol ¥ (Ry >0)

= Number of Years of Marriage #5854 %

mean pregnancy rates since few in the C+ samples
had values of R, equal zero. For the C— groups the
overall mean pregnancy rate is considerably lower
because of the high percentage with R, equal zero.
The same is true for the mean birth rates for those
who delivered at least once. These mean values are
given in Table 7.

For the birth rate R, significant dose effects were
found for the Hiroshima C+ and Nagasaki C—
samples. Multiple ranking procedures (using
Duncan’s New Multiple Range Test, see Sarhan and
Greenbergla) in both instances showed no signifi-
cant difference between the means of the 0-9 and
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100 + groups. In the Hiroshima C+ sample the
10-99 rad group mean was significantly smaller than
the 0-9 rad mean, while in the Nagasaki C— sample
the 10-99 rad mean was significantly larger than
every other mean.

Within both the C+ and C— groupings, the mean
values of R, and R, were highly significantly larger
for Nagasaki than Hiroshima. Whether contraception
was employed or not, the Nagasaki sample demon-
strated a greater likelihood for conception and
birth than the Hiroshima sample.

A question raised earlier was whether exposure to
atomic radiation might effect the quality of re-
production. Did those in the high dose groups
suffer a greater proportion of miscarriages than
those in the other dose groups? Table 8 lists the
percentages of those who conceived at least once
and for whom one or more of those conceptions

resulted in a miscarriage. A miscarriage was
considered to be a spontaneous abortion or
stillbirth.

i

s .

¥
Lk

I & C+EE 10-99rad BF O FHMHIE 0 — 9 rad #

-
JE -

DENLNEERBIZNASh AN, BBOC-TFTIX10-

Prad FOPEEEILOVITREDEREILIAE, 5 .

CH+B, C-Bre&
BENdEbdT
BRIz Db o3, ZE O R T
o] e ATIK I

4, Ry LU R FEHE s EEO R AL
bE i o

BEIZ k&, o, Ld o UM
RS £ U EO
FU0EREVZEERLTVA.

Sz, B

o0 [ 58

e/ TR
iR L

£ 0 & P RE OB EE

R AR O W IC RS RIET A YD
SR EoEE, oSEFOH
I=ThHA 3.

i

HE 1 [n

£ 81,

DL RGEME L, Lad 2 ofFRA 1 L LRSEE 128D o

TVaEDETRETT. WILE &3, BRMESE 1L

FeREdy gzl L,

TABLE 8 PERCENT OF WOMEN WITH MISCARRIAGES

#8 LR b AR

Contraception Hiroshima X "rfi Nagasaki %44
o : =t
N r_‘“”: Total NIC 09 1099 100+ Total  NIC 0-9 1099 100-199  200+rad
e 4 1 i 7 PN A4 o2 it i A A
C+ 2983 940 285 245 280 403 A5/ 28 50.0 9.5 410
c- 4234 (879 363 fwmr  t61in Sigalgl G3mis 2000 4000 8BS 35
Total &t = I [ A MO L (| SRR RS v N S o Sl ) .

As seen in Table 8, sizeable percentages of women
in the samples experienced miscarriages. For both
contraception groups in Nagasaki and for the C+
group in Hiroshima, there was no significant varia-
tion of the percentages with dose (for the Nagasaki
C— sample the difference was suggestive, .05 < P
< .10, apparently due to the small percentage in the
0-9 rad group). However for the C— group in
Hiroshima, there was a highly significant difference.
Of those in the 100+ group 61% (25 of 41)
miscarried at least once, while only 36% (45 of 124)
of those in the 0-9 rad group did so. It is not clear
why a high percentage existed for the 100+ rad
group in the C— sample and not for the 100+ rad
group in the C+ sample. If exposure to atomic
radiation increased the likelihood of misconception,
it should have done so for both groups.

In addition to finding the percentages of women
who miscarried at least once, it was of interest to
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TABLE 9 PERCENT OF PREGNANCIES TERMINATING IN MISCARRIAGES

#2 9  RFEME TR
éontraception Hiroshima [& & Nagasaki §5 %
g Total NIC 09 1099 100+ Total NIC 09 1099 100-199 200-+rad
AT i dimTE #o HHEE
Gl 1.5 11.6 111 109 13.0 127 142 107 121 6.8  16.2
B 22.1 19.6 210 243 269 139 184 7.8 15.5 140 139
Total & it 15.7 147 15.1 178 134 165 93 145 122

16.6

15.0

see if the actual number of miscarriages varied
according to dose. Might the pregnancies of those
in the high dose groups repetitively result in
spontaneous abortion or stillbirth? Table 9 lists the
percentages of all pregnancies which terminated
in miscarriage.

When the x2 tests for homogeneity were performed
for the four city-contraception groups, significant
differences were found for the Nagasaki C— sample,
the significance being caused by the high percentage
for the NIC group and the low percentage for the
0-9 rad group. Surprisingly the differences for the
Hiroshima C— sample, which demonstrated a highly
significant dose effect upon the percentages of
women with miscarriages, were far short of signifi-
cance. Differences among the percentages of
pregnancies which ended in miscarriage were negli-
gible for both C+ samples.

In both Tables 8 and 9, the overall mean percentages
in Hiroshima of the C— samples were highly
significantly larger than the overall means of the
C+ samples. For Nagasaki the C+ percentages were
larger but not significantly so. In comparing the
overall mean percentages of the C+ and C— samples
for city differences, in both Tables 8 and 9 the
means for Hiroshima were significantly higher than
those of Nagasaki for the C— sample. However, for
the C+ sample, the Nagasaki means were higher, and
in Table 8, the difference was significant.

It is possible to measure fertility from the times
required to first conceive and to first deliver birth.
The larger the time, the less fertile the individual.
Table 10 lists the average times, in months, to the
first conception and first live birth. Since contra-
ception was generally not practiced until after the
first pregnancy, the sample was not divided into
C+ and C— sections. Since also the effect of
marriage length was found to be insignificant (in the
R, and R, studies it was highly significant), means
are listed only according to city and dose.
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TABLE 10 MEAN TIMES TO FIRST CONCEPTION AND LIVE BIRTH
£10 WAL & URERE £ T 0TI

Cit Months to First Conception #2 coH & Months to First Live Birth #0'Ef % o H &
Iy — —
'}-'I- Taotal NIC 0.9 10-99  100.199 200+ Total NIC 0-9 10-99 100-199  200+rad
ifi 1) B it il ok
Hiroshima [4 & 9.99 9.92 10.31 9.90 9.44 21.8 22.9 21.8 21.8 19.8

Nagasaki [ i 8.52 9.26 7.74 6.84 8.83 9.17 19.4 20.6 17.8 16.7 18.9 21.6

In neither Hiroshima nor Nagasaki was the effect B, BEFOVWIhizsnw T MBRoBEIHET
o.f r_z;diation dost}fsigtnii‘;cant. Again the;eTwas ;  h o BETRT, BLUT,OREHEA LD K &
significant city effect, the mean values o p an ; e £
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The discussions in this section have thus far concern- ZOETWEE TR L0, 1945 FE BB ICEL

e(‘i the post-45 ms. '.I‘I.le pre-45 ms consists of a k. 1945 HI RIS IS, UL RS LT Y
different type of individual, one who had been e T R EERERER 5 b 5 BAE X R A
married and perhaps conceived one or more times L gz 5 < 1L LERIREESR A & 5 A O B+
prior to the A-bombs. For this sample we sought R s TWwA., BRIz LTI, FRAPLEOEREIZE
to determine whethe\i’ thfe A-bombs affected subse- WERBIFLTCVEAE I EEA DL DRI ET4 -
quent pregnancies. e first consider age group 1, s e Mo Bo ety
N P e 54F U4 55 35 4 A il ¢ bt 8 R

those aged less than 35 in August 1945. be o 2970019458 8.0 SR BBARCSH o L F L W
oV TERELTAS.

As in the post-45 ms, large percentages of those in
the C— groupings and small percentages of those in

1945 % FE M BE S MR 12, RO HFIC-FHizb v TId
the Ct+ groupings failed to conceive. Tables 11 and RRRRNE S =

12 show the percentages of women with zero WMET, CHETREERTH L. RILLL2E, ThEn
pregnancies and live births respectively. There were FiR s L ERELRB L i AL R+, BRIz
{10 significant differences in the percentages accord- EAEBEEL LA o
ing to dose.
TABLE 11 PERCENT OF WOMEN WITH ZERO PREGNANCIES, PRE-1945 MARRIAGE SAMPLE
#11 UL NS, 19457 B &5 05 1
Contrac-e_pti(;;'l_ SRE .Hirushima I & ) ] Nagasaki b

Group Total NIC 0-9 10-99 100+  Total NIC 09 10-99  100-199  200+rad

3 4E A Ao M A HEA

C+ 3.9 31 4.7 5.4 0.0

Cc— 28.0 29.0 24.3 28.6 375

Total i 22.4 22.7 19.9 23.7 26.3 12.1 16.7 Tl 13.3 20.0 4.8

TABLE 12 PERCENT OF WOMEN WITH ZERO LIVE BIRTHS, PRE-1945 MARRIAGE SAMPLE
#12 hPEMEREERES AMHIE, 194575 B AL I EE

Contraception Hiroshima [ & Nagasaki ﬁ-bﬁ
Group Total ~ NIC 0-9 10-99 100+ Total NIC 0-9 10-99  100-199  200+rad
AT 1) i OmNRE AT
il 18.0 25.0 11.9 18.9 17.6
Cc— ar.T 37.0 34.7 40.0 42.5
Total % it 33.2 34.1 29.6 35.6 35.1 14.3 16.7 12.2 13.8 20.0 9.5
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TABLE 13 MEAN PREGNANCY RATES, PRE-1945 MARRIAGE SAMPLE (R, >0)
#13 CFIEEIREE, 19456 HifEIEH (R, > 0)

Children Born by

August 1945 C+ =
1945 & F L AT o0 1 R 8
Hiroshima Total NIC 09 1099 100+ Total NIC 09 1099  100+rad
b FT Op i OHATE
0,1 020 019 019 021 019 016  .014 015  .018 .06
2+ .03 L0112 L014 012 014 013 014 02 012 022
Total &3 017 017 017 017 017 014 .014 014 014 020
Nagasaki Total NIC 0-9 10-99 100-199 200+
£ 3 MASE
0.1 026 023 029 025 026  .029
2+ 026 021 031 023 024020
030 024 025 025

Total &t 026 .022

Table 13 lists the mean values of the pregnancy
rate R, for those aged below 35 in August 1945
who conceived at least once after that time. The
individuals within each city-contraception combina-
tion were classified by dose group and also by the
number of children born prior to August 1945.
Separate contraception groups were not considered
for Nagasaki, however, because of the small numbers
in the C+ sample. No significant differences in
pregnancy rates existed among the means of the
dose groups in either city. AOV for the birth rate
R, for those aged less than 35 in August 1945
yielded the same results. There were no significant
differences in either the percentages with zero live
births or the birth rates for those with at least one
live birth. Table 14 shows the mean values of R,.
Both the pregnancy rate and birth rate were highly
significantly larger in Nagasaki than Hiroshima.

Table 15 lists the percentages of those who con-
ceived at least once after the A-bombs who ex-
perienced at least one miscarriage. In Hiroshima,
the percentage for the 100+ rad dose group is high
in the Ct sample and low in the C— sample,
however in neither case is there significant difference
from the other percentages. In Nagasaki, no
significant difference was found between the per-
centages for the high (100+ rad) and low (NIC and
0-9 rad) dose groups.

Table 16 lists the percentages of pregnancies which
ended in miscarriage. No significant variation
according to dose was found. No city differences
were evident in either Tables 15 or 16.

The discussion of the pre-45 ms thus far has been
limited to those aged less than 35 in August 1945.

#2131, 19459 8 B Y4p#3biEkig T, Zo# 1[0 L&

EHEOIEMRBR QT & R+, s L CBENO
Hlatbwld, MEHE19454F 8 AR o HERE - &
DAL, EL, RSTUEHCH#Eh oY H K4
Guldh, BENOEREEILLL . didis L EHE
HoOFHMEMICIZERENLh ok, 19454 8 A Y41
BHERBOEOHEER 1DV TEFTRBIFE2T 2 -
A, AREORBRFRE NS FEFRBLIVEDHE
2%, EENFEIEL FoFEoBEFCLERELL, S
o BUBR,OTHES R+, HIREs U lifERLE

REDIIPFESENLEbOTHEILE - .

F150%, EBE% LMD AR L,
R L B OFEERT.
NDHEFCHHIE(C-BIZEVN, FouFhole

LA g 1Ml kigsesE
ILETIE, 1004 rad # B EE
Lbo@BBEBHOELOMIIEEZ T L, - 2. BEWTIR,
AR EEE ( 100+ rad OF) SEBERE (TN EE S £
FO0-9rad @) LM It EOHFREL2TH L, 1.

F1613, FIEE 1L b - RO EL RT A, BRI X

AHEEEE LS. BISB L6 TR ST E

Ebohtdh o .

1945 FE BT REISBEICP T 2 &1L, ZhE T19454E 8 H



TABLE 14 MEAN BIRTH RATES, PRE-1945 MARRIAGE SAMPLE (R, >0)

#14 PR, 1945F TS (R >0)
Children Born by T
August 1945 C+ Cc—
19454 8 A LLT o B 4 1 #
Hiroshima Total NIC 0-9 10-99 100+  Total NIC 09 10-99  100+rad
g Eid oM AT it i R 1
0.1 138 .149 129 129 (153 L1134 131 129 .1356 .156
24 107 102 108 112 098 117 .121 o b B .109 .134
Total &t 128 A37 121 124 (142 124 124 122 a21 144
Magasaki Total NIC 0-9 10-99  100-199 200+ x
B i it AT E
0.1 196 176 J183 .219 216 213
2+ 198 1786 228 .192 172 191
Total & & 176 207 203 .194 203

S

TABLE 15 PERCENT OF WOMEN WITH MISCARRIAGES, PRE-1945 MARRIAGE SAMPLE

#2156  FERE L ASTEE, 1945407 S5 B
Contraception Hiroshima I% & Nagasaki 1% #if
G
i Total NIC 09 1099 100+ Total NIC 09 1099 100-199 200+rad
B i mATE - it ARE
c+ 234 200 146 200 412
c- 208 183 106 27.0 8.0
Total &# 215 216 214 221 67 256 346 313 150

18.3 25.2

TABLE 16 PERCENT OF PREGNANCIES TERMINATING IN MISCARRIAGE, PRE-1945 MARRIAGE SAMPLE

#16 HIEREEE, 1945MFmiR5AERE
Contracestion “Hiroshima 155 Nagasaki 12105
IG”“fF: Total  NIC 0-9 10-99 100+  Total NIC 0-9 10-99  100-199 200+rad
8 HE 5 it N it i P A5 1
C+ 8.7 11.8 6.0 6.9 13.5
Cc- 11.0 9.3 12.0 12.6 5.3
Total &3 10.1 10.0 10.8 9.2 7.4 1.8 9.4 12.0 4.3

10.2

9.2

Age group 2 of the pre-45 ms (those aged 35-39 in
August 1945) is constituted of individuals for whom
the major period of child bearing has passed, and
as such, may have reduced or marginal fertility.
Conceivably, such a group could be more susceptible
to impaired fertility as a result of atomic radiation.

Table 17 lists the percentages of those aged 35-39
in August 1945 who failed to conceive subsequent-
ly. There is certainly no evidence to suggest those in
the high dose groups failed to conceive as much as
those in the low dose groups. A striking feature of
Table 17 is the large difference between the cities.
Whereas roughly 60% of the Hiroshima women had
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TABLE 17 PERCENT WITH ZERO PREGNANCIES, PRE-1945 MARRIAGE SAMPLE
AGE 35-39 IN AUGUST 1945

£17  AUEEE ABEIE, 19454 AT A5 IS EE (19454 8 H 4A%35 — 394 )
T City B Total  NIC~ .09 1099 100-199 200 +rad
it sit MATE
Hiroshima i 61.6 60.6 60.7 64.4 60.0
Nagasaki 286 250 353 375 200 143

TABLE 18 MEAN PREGNANCY AND BIRTH RATES IN STERILIZATION SAMPLE (R, >0, R, >0)
£18 AREFHBOTHEEREE £ P MESR(R >0, R >0)

Index Total NIC 0-9 10.99 100+ rad
15 8 & it WA e
R, 070 071 069 070 070
R, 313 303 325 305 325

no pregnancies after August 1945, less than 30% of
the Nagasaki women had no conceptions.

The final sample to be considered consists of a total
of 345 Hiroshima and Nagasaki women who were
married after the A-bomb and who had been
sterilized or whose husbands had been sterilized
sometime during their marriage.  The average
pregnancy and birth rates for this sample are given
in Table 18. Here again, no significant dose effect
existed. The average pregnancy and birth rates for
the sterilization sample were significantly higher
than those of the post-45 ms when considering
those who had conceived and delivered at least
once. All but 11 (3.2%) delivered at least once and
all but 5 (1.4%) conceived at least once. Hence, it
was apparently because of their large number of
conceptions and births that individuals were
sterilized.

O HI0% THSH,
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APPENDIX
i 8

Atomic Bomb Casualty Commission

Place of Examination ¥R}
[ JHiroshima 8 [ |Nagasaki i

HOmom oW H K F A S
RESEARCH PROJECT FORM
xR B B B #

Project Title
7 o 1 E

FERTILITY STUDY

WAk
Family Name &t Given Name # W WUL D A% MF No.
Investigator Sex M3 [ |Aee Date of Record
P SAWADA ET AL. wal F & ] [¥m HWEEAH
Birth Dace: Patient Present Spouse Prior 1 Prior 2
EHEHH: Fo HEORMNE Lo LI 2 0 LU
SpeuEs e NAme T\ater‘?mﬂgi g'lalll‘riage {Llong Separation |Location of spouse ATB
. . % 1 . i yEear or more) (address i1f known)
Marné;‘:e {Maiden name if pertinent) Rezan '8 Fnded T ol len i vie e e
S AR Aol & o B # = = g i ek
(LB kR SR OERS) Dg) MF?- Y{;- DSY M;;- Y;? Fromg | To I | (W@ TonlfEA)
Present
1. Bl #&
Prior 1
2.1 HLIE
Prior 2
3. 2obllay
Numb f o i f; [i1] &
1T Peegnancies g s o kmm umber of Pregnancies R4 [0 %
1 (2 (3|4 (5|67 (8|9 |10]11]12|13|14]15]|16]|17
Date of Termination Mon th A
##EFEH B Year i
Living £ #
Termination Stillbirth ¥ #&
+ Spontaneous B
L Abortion i
Induced Abortion
A L
Duration of Pregnancy in Months
AV A
Weight at Birth HERFEE kem
Age at Death L A
Additional History
% T
1. Did parents wish to have more children? Yes O No O
Mg s - ETHEEY LV ER AT e FhS . L wiag
If no, state reason I.
BhizulBada o
toHEBERET L 3
2. Have there been unsuccessful efforts to have more children? ‘I.(es D No EI
bo EFREMRD LV EBEALAFFRNHS 22 5 v g
If yes, when From g Yr. & To Yr. £
LLAMDI#-LO% 5, Fromy Yr. i To % Yr.
Fhutveod, . i
From A Yr. & To = Yr.
3 Have there been periods when no.efforts were made to have children? Yes ] No 0
FHEEIZENE L vl F s 5 24 [ES LEREE 4
If yes, when From £ Yr. To % Yr. &
LLbELO TG, From H Yr. i To £ Yr. i
FHIE0D A ;
From {4 Yr. To % Yr. &£
4. Has either parent been sterilized? Patient Y}es 0 No 0 Yr. i
MBOES LT EFH T TVEH. B L S R
Spouse  Yes /M No . Yr. ¥
f'.llfll'ﬁ‘ LIL‘ 2
MARITAL AND FERTILITY RECORD MEDS3 162

WY & P oD EE S
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