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SEX RATIO IN OFFSPRING OF SURVIVORS EXPOSED PRENATALLY
TO THE ATOMIC BOMBS, HIROSHIMA — NAGASAKI
BABEBEEOFH#HICS T IMHE, BBE - KB

SEYMOUR JABLON, M.A., HIROO KATO, M.D., M.P.H. ( ngE&H )*

Department of Shatistics
A

SUMMARY. Meyer et al' have reported that females who had been exposed to radiation while in utero,
in their own subsequent reproductive performance, had a significantly increased proportion of male off-
spring if the Xoray exposure occurred before the 30th “week of fetal life. We have examined the repro-
ductive performance through 1969 of 2444 persons including some exposed while in utero to radiation from
the Hiroshima or Nagasaki atomic bomb in 1945, and matched controls. For 1272 females included in
this group 345 births were recorded, and for the 1172 males, 109 births were recorded.

No relationship was found between the sex ratio in the offspring and the dose to the parent as a fetus,
within any trimester of gestation at exposure, for either female or male parents. Possible reasons for this
result, contradictory to that of Meyer et al are discussed.

Ef Meyer 5 1 IF, (FEIGELINCHEOBRNTXBERHLZI Lo THIE, BRAAEENLZHS
HEWZEEREG LA EESW, BE - RETHE BB LABNERE L FOMBMUANIONT
196942 TORE - MECMLTHEEL L. LORABBREILRZTZAIZIEM AOTHoMEN LGS R,
BORAMEEINTZACE109 Ao o hidagkahis,

BATERL-ZH IV FHoMtk s 2O ENTZAHEBERE S oML, BBRROEER &, K
WHEBREOENO VA A LI L THMEIRL ok, Meyer 6 ERMOBEKE S B HHC
DVTERERMA /=,

BACKGROUND T o=

1 .
Meye:-r et al have repc:rted that_ females,l exposed to Meyer 5 113, % o 4RI > 2938 i L1 1= b i 05 1o 42
relatively low doses of X-rays during the first 29 weeks
of fetal life, in their own subsequent reproductive perfor- BOXHEZFIALELIVORERIZEBHFELL 20
mance display a marked alteration of the sex ratio in the

ZEAEREL TS, ABCCR T ERT, IEBE L
direction of male bhirths. ABCC, in collaboration with
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JNIH, is investigating subsequent effects, both somatic
and genetic, of ionizing radiation from the atomic bombs
in Hiroshima and Nagasaki upon the survivors and their
offspring. One component of the program is a mortality
study of a cohort of persons who were in utero at the
time of the bombs (A'l‘l-i_‘.,z
and certain features of the Japanese registration systems
{described below) made it relatively easy to examine the
question whether an effect like that reported by Meyer et al
in Baltimore was present also among A-bomb survivors.

The existence of this cohort,

METHOD AND POPULATION

Ascertainment of Births. The on-going study of mor-
tality among in utero survivors and controls utilizes the
Japanese family registration, or koseki system. In brief,
under Japanese law, each mayor or village head is
required to maintain a koseki for each family whose honseki
{a kind of legal residence) is located within his jurisdiction.
Every death or birth to a person whose name is inscribed
on the koseki must be posted to this registry, with the
name deleted or a new name added, as required. Simﬁaﬁr]y,
marriages result in the deletion of the names of the newly
married pair from their parents’ koseki and establishment
of a new koseki for the newly created family. Japanese
law requires that copies of certificates of birth or death,
or notifications of marriages be sent to the appropriate
koseki offices as a basis for posting changes. Complete-
ness of birth registration, in particular, is virtually
guaranteed by the requirement of koseki registration for a
child to be admitted to school. Similarly, the fact that a
cremation or burial permit is issued only after the death
has been registered, insures a high level of completeness
in the posting of deaths to the koseki. Although ABCC
has itself undertaken no direct test of the completeness of
birth recording in the koseki, tests have been made of
the completeness of mortality recording: Of 1300 deaths,
learned of through sources independent of the family
registration system, only 9 had not been properly posted
to the koseki, so the completeness of death registration is
about 99.3%.> There is no reason to suppose that birth
registration is less complete; indeed, there are reasons
for supposing that birth registration is even better than
death registration, with the exception that there is surely

quite incomplete reporting ef births that result in neonatal

death.

Accordingly, the koseki records for the in utero study
group were examined, and note was taken of all marriages
and births that had been posted as of March 1970. The
information shown in the koseki for each birth extends
only to date of birth, sex, and name of the child. We
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are, therefore, not in a position to discuss such variables
as birth weight, duration of pregnancy, and the like.

Population. As stated above, the sample employed is
the group used for the study of mortality in children who
were in utero ATB. The sampling procedures have been
described® and will only be summarized here. Briefly,
records were obtained for all births registered from 6
August 1945 in Hiroshima, or from 9 August in Nagasaki,
through 31 May 1946. The 7720 names thus obtained
were supplemented, first, by 1510 additional births in the
same period which were on record in the ABCC Master
Files. These files are records of persons with whom
ABCC has had some contact, whether a visit or a census
enumeration, and total, at this time, about 800,000 names
in the two cities. This supplement consisted of births
that took place outside the city limits. Finally, 1141 more
names were obtained from a supplementary survey of
A-bomb survivors made at the time of the 1960 Japanese
National Census. There were, therefore, 10,371 names
available as potential members of the study population.
For 446 of these children, either the location of the koseki
or details of the mother’s exposure history could not be
obtained, and they were therefore rejected from the
sample. Of the remaining children, all whose mothers
had been within 1500 m from the hypocenters ATB (only

452 in total) were selected for study, together with sex-

matched comparison groups at greater distances, and a
further comparison group of doubled size, whose mothers
were not in the cities ATB. The final composition of
the sample by distance, sex, and city is shown in Table 1.
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TABLE 1 THE IN UTERO MORTALITY SAMPLE
#1 MMAHBERCENED SR

Distance from . Male 5 Female #«
hypocenter Hiroshima Nagasaki Total Hiroshima Nagasaki -Tot:al__
ALt A 5 0 B A iy 5 i 15 B 3 a
0-1499 m 182 37 219 193 ah 233

1500-1999 186 32 218 199 34 233

2000-2999 185 37 222 200 36 236

3000-9999 183 35 218 203 35 238

Not-in-eity

G IMRE S Tt 382 74 456 411 7 483

Total & & 1118 215 1333 1211 212 1423
Some of the 2756 children in the final sample have died IR A A RBEOTSEHEI 5 B, & 5 B L E MRS
in the succeeding 25 years, and others have emigrated
from Japan and, hence, were dropped from the study HizsEC L, AHEBESMBIEL TRELE-TRRY
because vital events could no longer be traced through FHRMAEBMTE 2V OTHE, SBWL A, SR

the koseki records. As of March 1970, when the koseki
check was initiated, 2444 persons remained in the sample.
A separate report on mortality in this group is now in

GAEMMGL 219703 HRETIE, MRIFIIE-LHE
2AMATH -/, TOBOFECEIIO>VTIE, BAEHNEC



preparation. Here we will report on the recorded
reproductive performance of the 2444 persons (1272
females and 1172 males) up to 1970. Since it is relatively
simple to obtain records of offspring, both males and
females were traced. We shall, for brevity, occasionally
refer to the directly exposed survivors as the P (parents)
group, to the in utero exposed group as the U (in utero),
and to the offspring of the U as the UF,.

Dosimetry. To obtain estimates of the radiation doses
received by individual survivors has been a long and
weary task. ABCC has had invaluable assistance from
collaborators at both the Oak Ridge National Laboratory®
and the National Institute of Radiological Sciences of
Japan.® After much experimental work and many
thousands of field interviews, however, most survivors
are now characterized by a so-called T65 dose estimate
believed to be accurate for individual survivors to a factor
of about +30%." Separate estimates are made of the
dose from gamma radiation and neutrons. These estimates
take into account the so-called “air dose” appropriate to
the place at which the survivors was exposed, and also
the attenuating (or, in some instances enhancing) shielding
effects of buildings and other structures and natural
objects. For some survivors the complexity of the shielding
situation was such as to make impossible an estimate of
the resulting attenuation. For such persons, the radiation
dose is presently noted as “unknown”, although work
continues in an attempt to decrease the number of survivors
with unknown dose. Most of the persons of unknown
dose were located fairly close to the hypocenter, but were
in concrete buildings or air raid shelters. Scrutiny of
individual histories leads one to the conclusion that some
of these persons undoubtedly had rather large doses, and

others very small.

At the time the present sample was chosen, the T65 dose
estimates were not yet available, and there was no choice
but to define the sample in terms simply of distance from
the hypocenter. However, as would be expected, with
the availability of the T65 system of dosimetry, it became
apparent that the radiation dose estimate is far better than
distance from the hypocenter as a measure of risk: for
leukemogenesis, as well as for other radiation effects
among the survivors, relationships to dose are sharper
than are relationships to distance. Therefore, primarily,
analysis of radiation effects is made in terms of the
estimated dose.

The estimated doses used here are whole-hody doses to
the mother (P Although work by our collaborators is
continuing in an effort to devise methods suitable for

HEBAERPTH L. FRETIE, 244 A (Z12720,
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OFfE UR LIBT3 L065,
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estimating doses to the fetuses themselves, these efforts
have not vet succeeded. The doses are the sum of the
separate estimates for gamma radiation and neutrons
(the latter being
Hiroshima).

an important contributor only in

RESULTS

Only a small minority (13.5 %) of the males were recorded
as being married by March 1970, and even fewer (7.8 %)
had children (Table 2). However, 43% of the females
were married, and 23% had one or more children. The
91 males who were parents had a total of 109 children,
and the 298 females with children had a total of 345.
There is a suggestive tendency, in the male U group, for
those with dose estimates of 10rad or more to be less
often married, and less often to have children, but no
such relationship is apparent for the females.

fEREMITTVAY, TOEHLEEAMBLTVE W,
2 L i HovBEe LR EROHE
HBOEHTHA2(BEILELEVWTOLEERET

=]

14+
teh g

Boib, VOEIHETII/EBEL TS LEBMaRT

WADR T PE(13.5%)THD, THEL-TWVRSD
BENEN LR (7.8%) (£2). LAL, BTIL43%
HEEBL, 23% 121 ALLEOFEAS S, GIADKLEI

HFH109 AD TR SN, 298 AOBBICEF 345 A
FiAdor. UBOBT T, REHEMES10rad L)
ETdaHICGBMBEEN L, FHLLTVEVIRE
fHdm A S -2, TTEEOLEI ZEFEEL2TE L.

TABLE 2 MARITAL STATUS AND REPRODUCTIVE HISTORY BY RADIATION DOSE

# 2 IRMAIREE L & UMTIERE M A R R
Married Children Tuta] ) Not-in-city T65 Dose s M &R rad
£ it Hf Az wEs4EF <) 1-9 10-99 100+ Unknown A+ B

Male B

No # No B 1014 346 285 126 179 57 29

Yes B No ® 67 19 23 6 11 2 1

No # Yes #

Yes B Yes fi 91 27 28 19 14 o 1
Female %

No # No = 724 231 225 92 118 43 16

Yes [ No = 250 74 89 38 36 10 3

No #* Yes & 3 2 1

Yes FE Yes #H 295 86 96 40 51 18 4
Male %

Yes EE Any

HBOGEH 135% 11.7% 16.4 % 16.6 % 12.3% 6.6 % 8.7 %

Any Yes #

- BEO A 7.8 6.9 8.2 12.6 6.9 3.3 4.3
Female %

Yes BE Any

H-EOEFH 42.8 40.7 45.1 45.6 42.4 39.4 31.8
Any Yes
& - BEo &t 234 22.4 23.4 24.0 24.9 25.4 18.2

The data are shown by radiation dose and estimated
gestational age in Table 3, from which the 23 males and
22 females whose doses are unknown have been omitted.
The only available information regarding gestational age
ATB of the U group is the date of birth. We have grouped
them approximately by trimester, as shown in the table.

#3110, BEHERN S & CHEEREMERNIZ T -5 425
L7, SR AHOB6E L L2 T L. U
OFEEIE TR M T 28/ LT AFEaRTVRED
i, EFAHOATHE. £TIT, FEMM LA, b
B, IS TRL L.



TABLE 3 MARRIAGES AND OFFSPRING OF IN UTERO SAMPLE BY ESTIMATED RADIATION DOSE AND
ESTIMATED GESTATIONAL AGE AT EXPOSURE

#3 BB R OSMRIES LU R & & ORI o) HE E R IR HR R B
Siatictise Gestational Eg_c_in_ weeks* T 48 1 (5H )
3 it Not-in-city iz ‘1‘_7)‘ 2 E <10 rad 10+ rad
0.-14 15-26 274 0-14 15-26 27 0.14 15-26 FA
Male %
Total # ¥ 133 149 110 183 183 126 a9 103 63
Married BUH 17 14 15 25 34 2 8 13 8
% 128 9.4 13.6 13.7 18.6 17.5 8.1 12.6 12.7
With children T-{D & 5 & 10 B 9 13 21 13 4 7 5
% TiD 5.4 8.2 7L 11.5 10.3 4.0 6.8 T.9
Children Male % 8 7 2 8 15 11 2 8 2
Fitm¥  Female & 5 2 7 8 10 6 3 | 3
Male H % 61.5 77.8 22.2 50.0 G0.0 64.7 40.0 88.9 40.0
Female
Total # $ 110 140 143 205 207 169 86 100 a0
Married EiEF 44 62 54 94 95 7 27 41 47
%5 40.0 44.3 37.8 45.9 45.9 43.8 31.4 41.0 h2.2
With children TiD & 3 & 24 33 v gl 61 50 36 18 23 28
% 21.8 23.6 217 249 24.2 21.3 20.9 23.0 3l1.1
Children Male o) 14 20 18 28 32 22 14 1 18
FiEd . Female # 14 18 17 30 25 19 9 15 15
Male ] % 50.0 5h2.6 51.4 48.3 56.1 53.7 60.49 42.3

*Maonth of Birth:
WEEH

0-14 weeks, February 1946 -May 1946
15-26 weeks, November 1945 - January 1946
27+ weeks, August 1945 - October 1945

On the whole, the data seem remarkably bland, and be-
speak no evident relationship between either dose or
trimester and the sex-ratio of the UF, offspring, or the
proportions of the U group who are married or are
parents.

DISCUSSION

It isdifficult to reconcile our data with those of Meyer et al.!
The Baltimore group found, that of 55 children born to
mothers who were irradiated while in utero at gestational
ages of 29 weeks or less, 67 % were males. Our figures
are, for gestational age at exposure less than 27 weeks,
in the 0-9 rad dose group, of 115 births, 60 (52%) were
males, and for those with 10rad or more, 25 out of 49
(51%) were males. Out of a total of 101 offspring of the
not-in-eity control group, 52 (51.5%) were males.

Our sample sizes are larger than those of the Baltimore
group for the early gestational period, so our failure to
observe the sex-ratio effect is not, presumably, due to

ERDPSAT, FoHITEEREEL, BREZIEIR
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any lack of sensitivity of our observations in that regard.
As to the doses involved, as the authors say, it is hard to
give very precise estimates of the doses to the fetuses in
the Baltimore study, but from the data given it was
apparently on the order of 1 to Srad in most instances.
Our two dose groups bracket this range: The great
majority of the doses less than 10rad were actually less
than 1 rad (Table 2) and are doses to the mother, not the
foetus, while our group with 10 or more rad surely had
larger doses than all but a very few of the fetuses in
the Baltimore study.

It is conceivable that the Baltimore results are happen-
stance. In this connection, it should be noted that the
probabilities that Meyer et al quote do not agree with the
results of a chi-square test, corrected for continuity: The
difference 0-29 weeks vs controls yvields a chi-square of
6.63, to which corresponds the probability .01, not <.001,

as stated; and the difference 0-29 vs 30+ exposed has a
chi-square of 7.49, corresponding to P =.006, not
P =.0035 as reported. These probabilities are still quite
small, even if not so small as stated. However, it must be
remembered that one time in a hundred, hypotheses that
are true will nevertheless be rejected at the 1% level,
and it may be that Meyer et al are victims of the hundredth
case.

It will be of interest to see what the future holds for the
Baltimore series, and ABCC also will review the question
in the future to determine if additional data point in
some new direction.

BEHBTELD
REAFDPETES

5D, BESbhbhoRAT
& =L %, )"“i? W B b3
Baltimore & Ti5 : g }]" 'L’fa‘ o7l i A H'?‘g"a &F;':
BizowTshdT :fﬁm, N%ﬁ”*i
RENE r—?n—“JMtnfif—wcum h:ilv---
Srad DEMTH--LBPN S nh:mm DD
BEEoOEMIZIZVE: 10rad HiEogRO LSS,
EFE L rad RiBTHY (£2), 2OHBHTBRHZ
FrhtoT, BRFZILALOTIES Y. W0rad i Lo
BT, ZL20rad bl LoBEREZIALOIAE
HAEehHTwAiH, Baltimore BEIZHFLTIE T4 ¥
OEEEBRVWTIR0rad P ERRITwado k.

it
il e

Baltimore O RITMEARMLZL O LELI NS, 200
IZ2W T, Meyer 5 W& IC A SR L, #EREII-
WTRTIEELA Y2 MEOERE—BLAVEWVI Z LIZ
FEHTSLENFS S RR0—298MM L L0
PEE X HIE6.63T, MEFIZASLEIHIICP<.001TIE
P 01 123, —F, 0—29rad #EEH# L 30+ 8
BLoE£z,oilx? #137.497, L0035 TR <,
P=.006i2%3%. :h%t")Pﬂﬁii, ool il i T 1 s
AELAEVIZLTE, WHEALLTELHT/hEWL, L
L, Fhizthrbed, FLOWEHLEHEIZI—FE
1 %OKETHENaNEILITHTEL THELHEHN
HY, Meyer S I00FHOMEE L vz she L
i,

Baltimore B & OIF ¥ 4 ZEIFRREWD, ABCCT
LFERIZBVT J’)hﬁ%ﬁﬂ%ufu, FOEROT — & D
LuwhmEm+daorErbiiREL 20,

REFERENCES
EEVH

1. MEYER MB, MERZ T, DIAMOND EL: Investigation of the effects of prenatal X-ray exposure of human cogonia and oocytes as measured

by later reproductive performance. Amer J Epidemiol 89:619-35, 1969

(e PO#EMNES L MR RIFTREN IS 3 XARHOBE 4+ AZOERiE» 6 RATE)

2. UEDA S: Study of mortality of children exposed in utero. Research plan. ABCC TR 21-60

(MEM BRI OFEC ST, BP9 3@k

3. BEEBE GW, ISHIDA M, JABLON S: Studies of the mortality of A-bomb survivors. 1. Plan of study and mortality in the medical sub-

sample (Selection I), 1950-58. Radiat Res 16:253-80, 1962

(EFHRMHEREGFEORGNE, S 18 BEEWELy 7Lisd

B FEC & %5 0 i 0 ERE )

4. KATO H, KEEHN RJ: Mortality in live born children who were in utero at time of the atomic bombs. Hiroshima Igaku - J Hiroshima Med

Ass 23:475-90, 1970; ABCC TR 13-66
(MM B R PE L o FEC %)



5 AUXIER JA, CHEKA JS, et al: Free-field radiation-dose distributions from the Hiroshima and Nagasaki bombings. Health Phys 12:425.9,
1966

(R B - el o B T o & 5 sl ikl s i 5y 16 )

HASHIZUME T, MARUYAMA T, et al: Estimation of the air dose from the atomic bombs in Hiroshima and Nagasaki. Health Phys 13:
149-61, 1967

CIE S - e les o0 [ 1 72 S i RERE GE)

7. MILTON RC, SHOHOJI T: Tentative 1965 radiation dose estimation for atomic bomb survivors. ABCC TR 1-68
(EREREFEOI96GEE EHE ( TED ) OHEE)



