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For the past seven years, investigations have
been carried out in Hiroshima and Nagasaki by
the Atomic Bomb Casualty Commission on the
delayed effects of exposure to atomic bombs.
This communication is concerned with the results
of a preliminary analysis of a part of the data
collected, that concerned with effects on the first
generation offspring of exposed parents.

The date used have been obtained from an
investigation in the two cities of pregnancy
terminations occurring in the years 1948-1952. A
registration system for pregnant mothers was set
up in conjunction with the city offices responsible
for the carrying out of rationing laws; under this
system, mothers reporting for special ration cards
at about the fifth month of pregnancy were
interviewed by Commission employees, and data
were obtained on the exposure, age, consanguinity,
and previous pregnancy record of parents. At the
time of birth of a child so registered, the attendant
midwife or doctor obtained for us information on
the type of termination, sex, and birth weight.
The homes of these children were then visited by
a Commission team consisting of a physician and
a nurse, and the child examined for malformation.
For a random 10% sample of babies, and for all
habies stillborn or dying immediately following
birth, or with any evidence of deviation from
normality, additional information was obtained on
economic status, maternal syphilis, maternal men-
history and other matters.
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possible stillborn infants or children dying "post-

natally were brought in to the Commission’s clinics

for autopsy. In addition, cases of serious malfor-
mation were brought in for clinical examination.
Approximately a third of all babies examined at
birth were seleﬁted randomly and seen again in

clinic at about 9 months of age.

From these data it has been possible to extract
material concerning three kinds of interrelated
information: exposure of parents, indicators of
exposure effects, and extraneous factors affecting
these indicators. These three categories of infor-

mation are discussed separately below.

The criteria of exposure of parents were distance
from the hypocenter (the ground point directly
below the estimated position of the explosion),
and development of certain Symptoms considered
to be associated in the radiation syndrome. ‘The
symptoms selected for inclusion in our analysis
were epilation, petechiae and gingivitis. On the
basis of these criteria, each parent was placed in
one of the following five radiation categories :

Group 1. Not in Hiroshima or Nagasaki at the
time of the bombings.

Group 2. In one of the cities, 2545 meters or
more from the hypocenter, without
symptoms.

Group 3. In one of the two cities, 1845-2544
meters from the hypocenter, without
symptoms.

Group 4. In one of the two cities, 0-1844
meters from the hypocenter, without
symptoms.

Group 5. In one of the two cities, developing
symptoms within a few months of
the bombings. (Epilation, petechiae,
gingivitis, or any combination of

these symptoms.)

In terms of actual radiation received, it is
difficult to evaluate these groupings. However, it
is clear that group 1 received no radiation, group
2 received little radiation, and that groups 4 and
5 received the heaviest average radiation, this

average, taking into consideration shielding and
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other factors, possibly being in the range of
200-300 r. The amount of radiation received by
group 3 is more controversial, but considering that
there are more survivors in the outer range of
this group (close to 2500 meters) than in the inner
range (nearer to 1900 meters), it may be thought
that the average radiation of the group was
probably closer to that experienced by group 2
than by groups 4 and 5. On the basis of these
considerations, it was decided to combine groups
4 and 5 into a “*heavily exposed’” class, and com-
pare it with a “lightly exposed’’ class consisting
of groups 2 and 3 or, alternately, with groups
1 and 3, if the extraneous differences between
exposed and nonexposed parents are assumed to

be negligible. This is discussed below.

The indicators of genetic damage considered in
this analysis are presented with their theoretical

expectations in the following table:
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Indicator

# H

Expected Effect of Exposure FHXh 2RO

Stillbirth rate ¢ & =

Increase

¥ o

Decrease o

Sex ratio ' It

Decrease in number of males with maternal exposure;
small increase with paternal exposure.

IER R Lc BB B R, OB SR LI

IV IR B W
Malformation  ZF i Increase

b1 |

Neonatal and Infantile Death
W L UL

Increase b2 B )

The derivation of these theoretical expectations
is based on the evidence from experimental plants
and animals that radiation causes mutation, and
that most mutations are deleterious in their effect.
In the first generation, we expect to find the
effect only of dominant mutations, of sex-linked
recessives in the male children of radiated females,
and of any recessive mutations which may happen
to get into the same zygote with a pre-existing
recessive allele. Early lethal mutations would be
expected to result in failure of development of the
embryo or in the death and abortion or stillbirth
of the foetus. Other mutations would be expected

to cause severe malformation; mutated genes with
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less deleterious effect might reduce birth weight

or increase the possibility of neonatal and infantile
death. Sex-linked recessive lethal mutations from
females might decrease the number of male children.
Of course, somatic effects of the bombings on the
parents (especially mothers) might well result in
effects on the children which are the same as
those anticipated on genetic grounds, and would be
difficult or impossible to distinguish from them.

QOur data are complicated by the fact that extran-
eous factors are known or suspected to affect
all our indicators. These factors have been shown
to differ between group 1 (the nonexposed parents)
and the other (exposed) groups, and even amongst
the four groups of exposed parents. The principal
factors considered were consanguinity, maternal
age, birth order, maternal syphilis, and economic

status.

-

The nonexposed parents (group 1) differed
significantly from the exposed parents (groups
2 to 5) in consanguinty, maternal age, birth order,
and economic status, but not in frequency of
maternal syphilis. The lightly exposed group (2
and 3) differed from the heavily exposed group
(4 and '5) in consanguinity (maternal exposure
only), maternal age (maternal exposure only) and
birth order, but not in economic status or frequency
of maternal syphilis. However, the difference for
the first three factors between the lightly exposed
and heavily exposed parents is much less than that
between the nonexposed and the exposed parents

(groups 2 to 5).

In addition to the nonradiation factors which
we are able to measure in some degree, other
differences exist between the nonexposed and the
exposed populations. There are indications from
other investigations that the nonexposed people
are predominantly rural or repatriate (from Korea
or Manchuria) in origin, whereas the exposed
population is largely urban in background. The
effect of these and other differences on the genetic
indicators chosen is not known, but the possibility

of an effect cannot be ruled out.
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Of the factors for which differences have been
demonstrated, the differences in consanguinity have
been found, in a separate analysis, to be of such
magnitude as to be negligible in their effect on
the indicators. Maternal age and birth order are
obviously directly related, children of older mothers
being on the average of higher birth order than
children of young mothers. In preliminary tabula—
tions, stillbirth rate in our data is high in young
and old mothers; birth weight increases with age,
levelling off at approximately 35 years of age; sex
ratio is not noticeably affected; major malforma-—
tion is constant to approximately 35 years of age
and then rises abruptly; and neonatal and infantile
death is somewhat higher in both young and old
mothers than in intermediate ages. Detailed curves
of these effects, based on tabulations specifically
designed to show them, will be published at a

later date.

Because of the greater difference in ma'n;rnal
age between the nonexposed as compared with
exposed groups than between the lightly exposed
and heavily exposed groups, and because the
nonexposed group differs in origin and possibly in
other ways from the exposed group, emphasis
will be placed in this preliminary presentation on
a comparison between the lightly exposed (2 and
3) and heavily exposed (4 and 5) groups, although
group 1 will also he considered for certain compari~
sons. Attention should be drawn in the (2, 3)x
(4, 5) comparisons to the critical position of the
group 3 parents, whose radiation dose, as men-

tioned above, is particularly uncertain.

A number of the radiation indicators are asso-
ciated in certain single terminations; for example,
a particular baby might be malformed, stillborn,
and of low birth weight. For the purpose of an
analysis of radiation effect, it was felt to be
advisable to count each of these special cases in
relation to only one indicator. The method used
to render the indicators independent of one another
was to consider malformation first; these cases
were set aside, and stillbirths were then considered
among the remainder. Following this, birth weight

was analysed for all liveborn_nonmalformed children,
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and neonatal and infantile death was considered
in the same group. Sex ratio was analysed for all
births, both live and still.

The method of statistical analysis used in this
brief presentation is that of weighted differences
(Yates, 1934), which gives orthogonal estimates
of the three main effects (city, maternal exposure,
and paternal exposure). For simplicity, year of
birth and maternal age have been left out. Earlier
analyses by the method of expected subclass
numbers (Snedecor and Cox, 1935), taking year of
birth into account, indicate that leaving this factor
out of the analysis does not appreciably disturb
the estimates of exposure effects nor change in
any way the main conclusions of the more com-
plete analysis. An analysis taking adequate account
of maternal age is being prepared and will be
reported at a later date.

Results

The results of analyses will be presented below
under the individual indicator. In the tables, the
actual number of observations in each class is
given, affected first, then total; and in brackets
the proportion is given. Differences between groups
2 and-3) and (4 and 5) are given with their
standard errors; a plus sign indicates that the
difference is in the direction of genetic expectation,
a minus sign that it is opposite to genetic expec-
tation. Probabilities refer to one-sided significance
tests; that is, the sign of the difference is taken

into account.

Major malformation : Table I sets out the number
and incidence of clinical gross malformation (in
our terminology called major malformation) in
liveborn and stillborn terminations after 20 weeks
gestation. Dead infants on whom diagnoses of
major malformation were made only during au-
topsy have not been included. Inclusion of these
additional malformations has been shown by other

analyses not to affect the results given here.
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Table I. Major Malformation at Birth

B1& HAEMZIRD R ICEEDNE

" Tathers’ Exposure
Mothers’ : iy REOBR -
Exposure Hiroshima Nagasaki
BRI B e
1 2+3 \ 4+5 1 2+3 4+5
1 183/16351 19/1597 | 10/711 174/13620 19/2000 41378
(.011) (.012) | (.014) (.013) (.010) (.011)
243 60/5562 36/2365 I 71499 79/8607 4013990 6/507
(.011) (.015) i (.014) | (.009) (.010) (.012)
4+5 32/2723 5/557 | 71670 | 13/1222 41275 21198
(.012) (.009) i (.010) (.011) | (.015) (.010)

Comparison of Groups (2 + 3) with (4+5)
2, HIBLEL, BES5THLOLE

Parent I Difference |
mE | | P =
P’ | +.0008 £.0023 | 4 - .3

| |

! ; 5 — .4

Mother
157533

-

+.0001 +.0017

There is no effect of degree of exposure of
either parent on the incidence of major malforma-
tions. In some 17,000 babies selected randomly to be
seen or accounted for at approximately 9 months
of age, no effect of exposure on major malforma-

tions was found.

Stillbirth rate : Table II gives the date and
results cn stillbirths occurring in our population.
All infants with clinically detected major mallor-

mation have been excluded.

There is no significant effect of degree of expo-
sure on the stillbirth rate, although the difference
is in the expected direction. However, analysis of
data on children born after 1945 but not included
in the genetics program, obtained from the preg-
nancy records of mothers, shows for both parents
nonsignificant differences in the direction opposite
to expectation. On the other hand, mothers’
exposure in Table II is significant in the expected
direction when the nonexposed mothers (group 1)
are combined with groups 2 and 3. Analyses are
heing prepared to determine whether this result is

atiributable to any of the measured extraneous
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factors known to differ between the exposed and TivHa

nonexposed groups.

Table Il. Frequency of Stillbirths
g2k & s 22

T oxa ] Fathers’ Exposure
Mothers’ : KBOBE
Exposure Hiroshima Nagasaki
FHRORIE |—— 5ok =N
1 2+3 445 1 2+3 445
1 381/16166 |  38/1578 14/700 | 263/13446 4471981 4/374
(.024) (.024) (.020) (.020) (.022) (.011)
243 148/5502 54/2328 18/493 17118527 89/3951 12/502
(.027) (.023) (.037) (.020) (.023) (.024)
4+5 | 8572601 11/552 26/663 31/1211 4/270 4/196
| (.032) (.020) (.039) (.026) (.015) (.020)

Comparison of Groups (2+ 3) with (4+5)

B2, HITLEL, HOFLOEK

Parent ‘

Difference

e ‘ +.0033 +.0033 2 -1

Mother
At | +.0023

+.0024 a2 el

Neonatal death : Home visits are usually made
when the infant is 2 to 4 weeks old. At this time,
a large proportion of neonatal deaths will have
occurred. Table III which of course cannot be
used for incidence of neonatal death, gives the
distribution of deaths found at the time of home
liveborn

visit amongst infants without major

malformation.

There is no effect of degree of exposure of
either parent on neonatal death as ascertained at

the time of home visit.

In the sample of some 17,000 babies accounted
for at approximately 9 months after birth, it was
possible to determine neonatal and infantile death
in the first nine months of life quite accurately.
No effect of degree of exposure was found on

deaths occurring in this series.
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Table IlIl. Frequency of Neonatal Death
FIXK ;oL R E K
Fathers’ Exposure
Mothers’ | KR OB
Exposure Hiroshima Nagasaki
) .
BROHE L& 8
1 2+ 3 4+5 1 2+ 3 4+5
1 379/15786 4211541 48/687 | 327/13183 45{1937 10/370
(.024) (.027) (.026) (.025) (.023) (.027)
243 131/5355 5112274 11/473 218/8357 85/3862 71490
(.024) (.022) (.023) (.026) (.022) (.014)
445 7812606 9/541 17/637 22/1180 71266 71192
(.030) C.017) €.027) €.019) (.026) (.036)
Comparison of Groups (2 + 3) with (445)
H2, BITFLFE4, EOFLOHER
Parent [ Difference ) P v
o .
|
Father | +.0009 .0034 5 -
MomT | +.00m +.0025 A

Birth weight : Birth weight is given in Table IV
for liveborn infants without major malformation.
A number of cases of unknown birth weights were
excluded from the analysis. Only the total number
of infants in each class is given, and in brackets
the average weight in grams of each class is

indicated.

There is no significant effect of degree of ex-
posure on the weight of livebirths, nor on various
measurements taken approximately 9 months after
birth. However, for birth weight the children of
exposed fathers weigh significantly more than the
children of nonexposed fathers. This difference is
of course contrary to conventional expectation.
Moreover, there is a significant interaction between
mothers’ and fathers’ exposure effects in the
comparison of exposed vs. nonexposed. Preliminary
calculation suggests that both of these results are
attributable to maternal age differences among
exposure groups. More refined analyses have been
undertaken to test this hypothesis.
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Table IV. Weight of Livebirths (gm.)

B4k £ B &k E (FF74)
Fathers’ Exposure
Mothers® | ____ ,Kﬁﬁﬁ'}&.. ol
Exposure HEOShJLma N?E_gasgi
BER oS = E e it b
1 2+ 3 4+5 1 2+3 \ 15
] 15240 1499 667 13062 1921 366
(3066) (3057) (3032) (3079) (3079) (3077)
- 5224 2999 461 8290 3819 | 488
(3066) (3098) (3081) (3071) (3111) ‘ (3099)
L w 2537 527 617 1171 265 | 189
(3042) (3075) (3118) (3085) (3092) | (3188)

Comparison of Groups ( 2+ 3) with (4+5)
H2, WIMLE4, HOEFLOUE

Parent

i Difference ‘ p
mE | ® _
Father | |
e ‘ +1.29 +1020gm. | 5, i
Mother - M
i 1 +4.90 ~+ 7.36 gm. ‘ 3248

Sex ratio : Table V gives the number and pro—
portion of male births among livebirths, excluding
cases with major congenital malformation. The cell
totals in Tables 11I and V are not identical only be-
cause the samples tabulated were slightly different.
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Table ¥. Frequency of Males Among Livebirths
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There is no significant effect of degree of
fathers’ exposure. For mothers’ exposure there is
a significant decrease of 1.37% in the percentage
of male children born to heavily exposed mothers
as compared to lightly exposed. This estimate is
not affected by including stillbirths and major
congenital malformations. Since the difference is
then based upon all reported terminations after 20
weeks gestation, the sex ratio effect, if it is a
real one, must be due to male lethality during the
first 20 weeks of gestation. There is no evidence

of such lethality from other data on stillbirth and

abortion histories, nor from a small sample of
ostensibly spontaneous abortions. However, none
of these samples ascertains early abortions. It is
suggestive that the effect of fathers’ exposure,
although nonsignificant, is opposite in direction to
the significant effect of mothers’ exposure, and
that heterogeneity between these two estimates is
significant ; that is in agreement with genetic
hypothesis. Since the observed heterogeneity'is
near the border of statistical significance (P=.05),
it will be examined in additional data now being
collected, and the genetics program will be reori-
ented to concentrate on the collection of sex ratio
and stillbirth data. Together with the more precise
analyses yet to be undertaken, these data may
throw further light on whether the sex ratio
difference is an accident of sampling, a genetic
effect of radiation, a nongenetic effect on maternal
somatic tissues, or the effect of extraneous causes

yet to be investigated.

Discussion

It is important to note that the difficulties
attendant on the collection of these data, as well
as the fact that all observations are confined to
the first post-bomb generation, permit the detection
of only a small fraction of the total genetic effect
of exposure to an atomic bomb. Given the esti-
mates used here of the radiation dosage involved,
it has, by analogy with what is now known of
the radiation genetics of other organisms, always
been doubtful whether significant findings attrib-
utable to the genetic effects of irradiation would
be apparent in this first post-homb generation.

The small magnitude and equivocal significance
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of the results here recorded may be taken as

evidence that the genetic expections based on.

experience with plant and other animal materials
were approximately correct. Whatever the total
effects of radiation may be (and there is every
reason to believe that they are much greater than
can be detected in studies of this type), the public
health hazard in the first generation offspring of
exposed parents appears to be slight. There is no
indication from this study that the sensitivity of
human genes to radiation is not comparable to
that of experimental plants and animals used in

radiation experiments.

The material summarized in this paper represents
the work of many individuals in addition to the
authors. It is a pleasure to acknowledge the support
of the members of the Committee on Atomic
Casualties of the National Academy of Sciences—
National Research Council, the Division of Bieldgy
and Medicine of the U. S. Atomic Energy Com-
mission, and the Japanese National Institute of
Health. Finally, it is particulary appropriate to
express our deep gratitude to the Japanese parents,
physicians, and midwives without whose coopera-

tion this study would not have been possible.
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