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FURTHER OBSERVATIONS ON SEX RATIO AMONG INFANTS BORN TO
SURVIVORS OF THE ATOMIC BOMBS

ERBEBEGFEOFHOMLCEA T ZIEMBE

HIROSHIMA AND NAGASAKI
I

INTRODUCTION

Some years ago the authors presented the evidence then
existing pertinent to the association in man of the sex
ratio with parental exposure to ionizing radiation! At that
time, it was tentatively concluded that “the sex of children
born to the survivors of the atomic bombs of Hiroshima and
Nagasaki reveals significant changes in the sex ratio of
these children, changes in the direction to be expected
if exposure had resulted in the induction of sex-linked
lethal mutations.” This conclusion was reached through
a somewhat tortuous line of reasoning, for no single study,
in Japan or elsewhere, offered unequivocal evidence of a
radiation-induced change. In the years which have inter-
vened, there have been two developments which warrant
a reinspection of this association and, of course, the earlier
conclusion. Firstly, further data are available. Secondly,
additional complexities in the problem are now recognized,
in particular that ionizing radiation may induce chromo-
somal aberrations of a kind which could cloud the determi-
nation of the sex of certain human beings, recipients of
such aberrations. The occurrence of these latter indi-
viduals could conceivably either obscure an increase in
sex-linked lethal mutants, or lead to a spuriously high
estimate of their frequency.

The purpose of this paper is to record observations made
in Hiroshima and Nagasaki during 1956-62 relevant to the
functional relationship between the sex ratio and parental
exposure to atomic irradiation, and, in the light of these
further observations, to review the evidence presently
available on this issue. In terms of the total radiation
dose represented, these new data increase the observations
previously available by about 70 %.

Studies of the sex ratio in Hiroshima and Nagasaki
The data from Hiroshima and Nagasaki concerning the
effects of radiation on the sex ratio fall into four categories,
as follows, three of which have been presented previously,

#
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and one of which is presented here for the first time:
(1) the sex ratio in the infants born to unrelated parents
during 1948-53;2 (2) the sex ratio in infants born to related
parents during 1948-53;" (3) the sex ratio in infants born
to unrelated parents during 1954-55;% and finally, (4) the
sex ratio in infants born to parents (related and unrelated)
during 1956-62. The rationale for analyzing terminations
to biologically related parents separately from unrelated
parents has been presented elsewhere? The principal
distinctions between these groups aside from consanguinity
in the parents are as follows: Categories (1) and (2) differ
from (3) and (4) in that pregnancies included in (1) and (2)
were ascertained through a system of registration operated
in concert with the special ration registration for pregnant
women which obtained in the postwar period in Japan:
whereas (3) and (4) were ascertained at the time when
the city office of vital statistics was notified of the birth
of a child. The details of these two methods of ascer-
tainment have been given elsewherel'*> All children
comprising categories (1) and (2) were examined by phy-
sicians either of ABCC or JNIH; among the functions of
these physicians was the verification of the sex of the child
as reported by the individual attending the delivery of the
child, generally a midwife. In groups (3) and (4) the sex
ascribed to a given infant is that reported at the registration
of the birth, and not verified by a physician employed by
either of the agencies previously mentioned. Categories
(1) and (2) differ from one another only insofar as the
children are the offspring of unrelated spouses in one
instance (1), and not in the other (2). Groups (3) and (4)
differ in two respects. Firstly, group (3) represents all
births reported to the municipal authorities during 1954-55
save those where the spouses were related; whereas
group (4) represents only those births reported to the
municipal authorities during 1956-62 where either both
parents were included in the Master Sample which forms
the basis of the JNIH-ABCC Life Span Study,* or, if the
exposure status of one parent was unknown, the other was
stated to have been within 2000 m from the hypocenter at
the time of the bomb (ATB). In the former instance, the
exposure status of both parents was known to ABCC;
whereas in the latter, further effort was necessary to
complete the exposure histories of the spouses.

During 1954-55, whenever the exposure status of an
individual was unknown an effort was routinely made,
either by mail or by interview, to ascertain whether the
person had been exposed to the atomic bomb of Hiroshima
and/or Nagasaki. If the answer was affirmative, a trained
field investigator obtained an exposure history which
included such items as the distance from the hypocenter
ATB, the occurrence of symptoms indicative of radiation
sickness, etc. Since the files of ABCC included all
individuals, irrespective of place of residence, who had
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reported themselves to be exposed either at the time of
the 1950 Japanese National Census or at an earlier ad hoc
radiation census of these two cities, rarely did an individual
whose exposure status was not known prove to have been
exposed. Thus, the vast majority of inquiries, undertaken
at considerable cost in time and effort, failed to augment
the group of children of greatest interest, namely, those
born to exposed parents. Accordingly, when the burden
of field interviews exceeded the manpower available, as
was inevitable since the relative proportion of births to
nonexposed parents, those least likely to be included in
the Master File, increased with each year, the decision
was reached retroactive to 1956 to accept for study only
those births where either the exposure status of both
parents could be ascertained by a file check, or at most
the exposure of one parent had to be determined by
interview and then only if the other parent was in the
so-called “proximally exposed” group (within 2000 m from
the hypocenter ATB). Clearly, this decision, from which
the present body of data stems, resulted in the loss to the
series of some children one or both of whose parents
were exposed, but this number is presumably small for a
loss would oceur only if the parents had not been included
in one of the aforementioned censuses, or if at the time
of these censuses, they had elected to deny their exposure.
Instances of the latter were uncommon prior to 1957
when Japan passed a specific welfare act for the benefit
of survivors of the A-bombs, and even now changes of
fact of exposure are few.

As previously stated, the data comprising categories(1), (2},
and (3) have been analyzed, and the results presented
elsewhere! Briefly, the analysis proceeded as follows:
Within each of the three categories, the pregnancies were
viewed as divisible into three sets, namely, those where
the mother was exposed and the father not, where the
father was exposed and the mother not, and where both
parents were exposed. Within each of these sets, there
existed three or more dosage levels. Thus, for each of
the categories (1), (2), and (3), it was possible to fit three
linear regressions of the frequency of male births on the
dose of radiation received by the parents. Two of these,
corresponding to those cases where only one parent was
exposed, were of the form

Ep,)=p,

where E(p,) is the expected proportion of males in the
ith exposure class, p, is the proportion of males expected
at zero dose (the nonexposed group), d. is the dose in the
ith exposure class, and b is the regression coefficient.
The third regression was of the form
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where b, and b, are now partial regression coefficients,
F; and MJ. are, respectively, the dosesin the i paternal

and j*» maternal exposure groups, and p, is, again, the
proportion of males expected in the nonexposed class. The
regressions which were, in fact, fitted were weighted to
allow for the differences in the numbers of observations
at the various exposure levels. The weights which were
used were the reciprocals of the variances (the information)
of the proportion of males at the different dosage levels;
this variation was assumed to be solely binomial in origin,
an assumption which is not wholly justified in view of the
occurrence of siblings in the data and the effects of the
extraneous variables which have been mentioned. The
problems inherent in treating non-binomial variation and
the types of bias it may introduce have been treated by
Cochran? The final weights were obtained by iteration,
starting with the observed proportions as trial values.
The intercepts and regression coefficients which were
obtained for the first three categories of data are shown
in Table 1.
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TABLE 1 MEANS AND REGRESSION COEFFICIENTS OBTAINED BY FITTING A WEIGHTED LINEAR REGRESSION OF THE
PROPORTION OF MALE BIRTHS TO AVERACE GROUP EXPOSURE IN THE HIROSHIMA AND NAGASAKI DATA
#1 EBFPIURBOAMIST2BTNEOR G L EH o PHRAHE R - MESYEGE &
BT TR TEEE & CHF S

Exposed # # Both parents exposed & # 1§
Father only ¥#lo & Mother only #3R @ & Father %8 Mother ##
Po b* b Po b Po b
1948-53  Unrelated parents 0.5202 0.0058 0.5213 —0.0101* 0.5102 0.0039 0.5102 —0.0037
I AR IR 2 A (0.0094) (—0.0111)
Related parents 0.5307 0.0188 0.5204 —0.0116 0.5310 0.0024 0.5310 —0.0179
mMEIz s 538 (0.0423) (0.0386)
1954-55  Unrelated parents 0.5211 0.0039 0.5186 0.0090 0.5484 0.0137 0.5484 —0.0269
AR 2 # (0.0047) (0.0141)
195662  Unrelated parents 0.5150 —0.0016 0.5141 0.0072 0.5137 —=0.0129 0.5137 0.0044
MARBEE 12 % v 8 (—0.0036) (0.0077)
Data combined % ¥ %} & 3t 0.5191 —0.0001 0.5185 0.0027 0.5166 —0.0020 0.5166 —0.0035

*Significant at 5% level S %kdEizmoTHE
Values in parentheses obtained when nonexposed parents rejected

Ao SHIEEREBROBEE YR L SRS O MR

In Tables 2 and 3, along with the earlier data, the 47,624
observations in Hiroshima and Nagasaki which have
become available since the analysis summarized in the
previous paragraphs are presented. These observations
are distributed by maternal and paternal exposure; for a
justification of the average exposures assigned to the
various groups the reader is referred to an earlier publi-
cation? The years and cities have been pooled, but only
after a search was made for significant heterogeneity
within cities between years, and within years between

From Schull and Neel!
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TABLE 2 SUMMARY OF FINDINGS ON THE ASSOCIATION OF THE FREQUENCY OF MALE
BIRTHS AND PARENTAL EXPOSURE, ONLY ONE PARENT EXPOSED
HIROSHIMA AND NAGASAKI
#2 BFUVEEEEHOWMEEOME Iz T O R oBIE,
FHO&HWBEORE, LEy L UEEK

Father only exposed % @ & i f#t Estimated Maother only exposed 1% ¢ & # % Estimated

T Mals - mean T mean
EDRI };‘:‘1 ‘:l]:; F exposure g_mil : hM a:]e_ P exposure
irths T I_'r(‘p} irths rths (rep)

Hlgs Bl

Hi T R A WY BrdER

HETE T AR

1948-53 Parents Unrelated M OBMAEAZVHO

31,904 16,613 0.5207 1]
3,670 1,892 0.5155 8
839 442 0.5268 75
534 284 0.5318 200

31,904 16,613 0.5207 0
14,684 7,681 0.5231 8
2,932 1,474 0.5027 75
1,676 850 0.5072 200

1954-55 Parents Unrelated i mBEEF TV H O

11,640 6,067 0.5212 0
1,498 774 0.5167 8
387 211 0.5452 5
219 113 0.5160 200

11,640 6,067 0.5212 0
4,926 2,012 0.5099

1,026 562 0.5478 75

592 311 0.5253 200

1948-53 Parents Related MHICOBMAFEIH2H0

2,622 1,396 0.5324 0
295 152 0.5153 8
83 46 0.5542 100

. 2622 1,396 0.5324 0
963 466 0.4839 )
258 134 0.5194 100

1956-62 All Parents 3O MR

20,382 10,483 0.5143 0 20,382 10,483 0.5143 0
4,841 2,505 0.5175 8 9,284 4,788 0.5157 8
1,730 892 0.5156 75 2,087 1,060 0.5079 75
1,199 612 0.5104 200 1,191 38 0.5357 200
cities. No consistent, significant differences emerged MEAHi. LAaL, WlEcd, F2&ERMIzE, &

either between cities or years. The results of an analysis
of these more recent data, in the manner previously
outlined, are shown in Table 1.

With the addition of these data, there are now 16
regression coefficients associated with the four categories
of observations. Only one, namely, mothers only exposed,
1948-53, unrelated parents, can be shown to be signifi-
cantly different from zero. Furthermore, inspection of
the array of regression coefficients with respect to the
direction and magnitude of the changes with parental
exposure fails to suggest an unequivocal pattern; six of
eight regression coefficients associated with paternal
exposure and three of eight associated with maternal
exposure are positive. Neither of these arrays of signs
is particularly improbable under the hypothesis that plus
and minus signs are equally probable. It will be noted
that the regression coefficients observed in the new data
tend to be opposite in sign from those obtained previously,
thereby essentially destroying the consistency in the data
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TABLE 3 SUMMARY OF FINDINGS ON THE ASSOCIATION OF THE FREQUENCY OF MALE
BIRTHS AND PARENTAL EXPOSURE, HIROSHIMA AND NAGASAKI

£3 BYoWERECHOBEE L OMFCOVTORROERN, EEHLUEH

Total Male . Estimated mean (‘.KDOSL-IEI:,‘ fr:p‘_
births hirths P HE T R AR R
R B BFdt :
Mother Father %

1948-53 Parents Unrelated MRICOBEAFERI LV O

5994 3053 0.5093 8 8
658 337 0.5122 8 75
422 225 0.5332 8 200
703 354 0.5036 75 8
615 319 0.5187 75 75
192 94 0.4896 75 200
318 165 0.5189 200 8
145 72 0.4966 200 75
145 71 _0.4896 200 200

1954-55 Parents Unrelated @ CO&M[FEF LD

1474 B06 0.5468 8 8
220 129 0.5864 8 75
174 101 0.5805 8 200
212 111 0.5236 75
107 53 0.4953 75 75

66 35 0.5303 75 200
89 48 0.5393 200 B
43 20 0.4651 200 75
33 18 0.5455 200 200

1948-53 Parents Related MR ICMEMFREISH 520

394 208 0.5279 8 8
69 38 0.5507 8 100
24 29 0.5370 1040 8
43 21 0.4884 100 100

1956-62 All Parents 8D il

3899 1996 0.5119 8 8
756 374 0.4947 8 75
572 283 0.4948 8 200
608 334 0.5493 75 8
314 160 0.5096 75 5
144 68 0.4722 75 200
374 183 0.4893 200 8
124 70 0.5645 200 75
119 59 0.4958 200 200




upon which so much of the earlier argument for an effect
of radiation on the sex ratio was based. Finally, if the
differences between the various sets of observations are
ignored, and the aggregate analyzed, the data fail to
disclose a significant association of either maternal or
paternal exposure with the sex ratio.

Table 2 shows that certain observations, those where both
parents wese nonexposed, enter into the estimation of the
maternal effect when the father was not exposed as well
as the paternal effect when the mother was nonexposed.
These regression coefficients are, therefore, not wholly
independent of one another, and it might be argued that
it is not 16 independent regression coefficients that are
being dealt with here but some lesser number. To obtain
fully independent estimates of the effect of maternal and
paternal exposure, when only one parent was exposed,
it is needed merely to omit the observations on both
parents not exposed. Although this achieves statistical
independence, it must be clearly recognized that the
loss of data which is involved leads also to a loss in
the precision of the estimates. The values in parentheses
in Table 1 are those obtained when unexposed parents
are rejected.

Other studies of the sex ratio in Japan At least two
other studies have been undertaken in Japan to define
the degree of association between the sex ratio and parental
exposure. In both studies, exposure arose.in the course
of the occupational activities of the individuals. The smaller
of these two investigations” concerned the reproductive
performance of 137 radiologists and X-ray technicians in
Aichi Prefecture, and, for comparison, the reproductive
performance of 140 married males, employees of a company
in Nagoya, Aichi Prefecture, with no relationship to occu-
pational radiation exposure. The frequency of male births
observed in the former group was 0.5325 (131 males
among 246 children); whereas it was 0.5087 (146 males
among 287 children) in the “control.” The “hest” estimate
of the change in frequency of males with parental (paternal)
exposure was 0.0080 per 100r.

The larger of the two studies involves two surveys
conducted by Tanaka and Ohkura’®
was directed toward X-ray technicians with 25 or more

The first survey

years of service in their occupation. The second survey
involved the sending of questionnaires to the 4793 members
of the Japanese Society of Radiation Technology and of
the Japanese Association of X-ray Technicians. A fairly
large proportion, more than 80%, of the individuals
queried responded. Since the second survey presumably
subsumes the first either in toto or in large measure, the
remarks are restricted to the later survey. Analysis of
the frequency of male births among all children born
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subsequent to the beginning of exposure as contrasted
with the frequency of male births in Japan in general and
among the children of these technicians born prior to
their entry into their occupation revealed the former
frequency to be significantly different from either of the
latter two. The precise values are 0.4974 (378 males
among 760 children) prior to exposure, 0.5386 (2680 males
among 4976 children) after exposure, and a national figure
of 0.5132. Taken at face value, then, both studies suggest
significantly more males are born after paternal exposure
to ionizing radiation. To the degree that some members
of the Japanese Association of X-ray Technicians live in
Aichi Prefecture, there is obviously some overlapping of
the two studies, but the precise extent is not clear.

Studies elsewhere If the data from Japan are perplexing,
those from elsewhere are no less so. At present some 10
bodies of data have been published which bear on the
association of parental radiation with the sex ratio in
countries other than Japan. These studies vary greatly
in size, in the effort which was made to delineate extra-
neous sources of variation, in the nature of the exposure as
well as the accumulated dose, in the comparison populations
which have been used, and in the general manner through
which both sex and the number of children were ascer-
tained. These differences frequently reflect the element
of opportunism which underlies most if not all studies of
man bearing upon the mutagenic effect of ionizing
radiation. But whatever their origin, they preclude
rigorous comparisons. Nonetheless, in Table 4 summaries
of the observations presently available are presented
relating the frequency of male births to parental exposure.

In the case of maternal exposure, in every instance where
a comparison group was included within the study, the
proportion of male births following irradiation is smaller
than prior to irradiation. Moreover, if one contrasts
Kaplan’s findings following exposure with the experience
to be anticipated on the basis of the general population of
the United States, it seems likely that his study too records
a depression of the sex ratio following exposure. The
seeming consistency of these studies in revealing an effect
is impressive, but when one turns to the magnitude of the
change it is disconcerting to find that the study in Canada
and the two in Czechoslovakia reveal differences which
seem unusually large in view of the average exposures of
the individuals concerned. Equally perplexing is the fact
that to the extent that total exposure is the same, chronic
irradiation seems to result in a greater change in the sex
ratio than does acute exposure; whereas one would expect
precisely the opposite on the basis of animal experimen-
tation. Be this as it may, these studies yield estimates of
the decrement in the proportion of male births per 100 r
{rem or rad) ranging from approximately 0.03 in Holland
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TABLE 4 THE EFFECT OF PARENTAL EXPOSURE ON THE SEX RATIO

#4

B AT R AT BT B

Irradiated group E4HHERATE 21322

Control group #fBl#

Parental type Estimated dose e Reference
Boam HEsR Births Male  Fraction Births Male  Fraction TR
it % BT HTMgS ¥ BE i
Paternal Exposure 325808 &
American radiologists  Repeated small
X E o B RAE occupational exposures
bR o R 4,277 2198 0.514 3,491 1830  0.524  Macht, Lawrence?®®
French patients 200-400r in several
73 ADME divided doses
200 — 400 ¢ o ¥ 0] 7 8] H 45 656 368 0.561 1,185 610 0.515 Lejeune, Turpin
Dutch patients Gonadal doses varying and Rethore?!
5y ymbE from 26-500 rad
26-500rad ORMOEMERE 932 489 0525 1,258 601 0.470  Scholte, Sobels®
Joa(:hi_mstal miners Occupational; 0.01-0.15
Joachimstal mEEH rem/wk Miiller, Rericha
BEMAY: 1ML 2 00.01-0.15rem  T16 330 0.461 1,192 618 0.518  and Kubat®®
Maternal Exposure 0 @45
American patients 60-65r to ovary
*EnMBE HH M 12 5 26065 v ERAE 540 265 0.491 Kaplan??
French patients 200-400 r in several
IS5 AOBE divided doses - Lejeune, Turpin
200 - 400 r ¢ #[n] 5 i B 44 161 T2 0.447 335 183 0.546 and Rethore?!
Dutch patients Gonadal doses varying
E- A oY % ] from 70-270 rad
70-270 rad ¢ §iEH o) 4 RS4RI 230 112 0.485 242 131 0.541  Scholte, Sobels**
Czech patients Repeated diagnostic doses
FroAalerTole  REEBEMCERERRR 154 T4 0.481 90 46 0.511 Musil2!
Canadian patients Less than 20 rad;
#+ 5 obE probably about 6 rad
2radllF: 6 <#6 rad &
Bhhi 201 98 0.488 402 212 0.527 Cox 20
Joachimstal workers Occupational; radon-
Joachimstal @4 ¥ concentration 2.7 x 10 —!! Miller, Kubat and
WD 5N R 2710 34 12 0.353 221 112 0.507  Marsalek®?

and France to 0.65 in Canada. Taken at face value, the
Canadian estimate implies that exposing prospective
mothers to 100 r would ensure them no sons.

Studies of the effect of paternal exposure are even more
difficult to interpret, for they have led to a decrease in
Under these
circumstances, estimates of the rate of change per 1001

male births as frequently as to an increase.

do not appear especially meaningful, but for whatever
they may be worth they range from approximately 0.02 to
about —(0.11. One is sorely tempted to ascribe the observed
variation to chance alone, and in view of the spread of the
estimates to assume that the sex ratio is not altered by
paternal exposure. Presumably if a change in the sex
ratio did occur following paternal radiation it would be
attributable to the induction of “dominant sex-linked lethals,”

where by the latter it is implied that any change, genic or
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chromosomal, would lead in single dose to an inviable
zygote. Since dominant sex-linked lethals are thought to
be relatively infrequent, an apparent effect of maternal
exposure but not of paternal exposure does not necessarily
imply a contradiction, but merely may reflect differences
in the ability to detect the two kinds of changes.

Data from infra-human forms The ambiguities apparent
in the observations available on man are matched by the
inconsistencies in the data on other animals some of which
apparently exhibit an effect of radiation on the sex ratio
and others do not. 10 nor swine!!
does the sex ratio appear significantly altered by parental
exposure. The import of the swine data is admittedly
limited in view of the relatively small number of obser-
vations which have been made, but this is hardly so with
respect to the mouse where the observations are extensive

Thus, in neither mice

and have been made under a variety of circumstances.
Among the latter are not only studies of the effect of
acute but also the effect of chronic irradiation including
that which extends over more than one generation!? '3
The studies of chronic radiation, like those concerned
with acute exposure, fail to reveal a significant effecf of
radiation upon the sex ratio.

Interestingly, the sex ratio does appear changed subsequent
to exposure in Drosophila, in chickens'*? and possibly in
the rat!” The change in poultry is especially noteworthy,
for in chickens the heterogametic sex is the female rather
than the male and Matousek and his colleagues report the
sex ratio to be depressed following paternal exposure.

The relevance of these findings to man is extremely
difficult to evaluate. One can argue that the absence of
a sex ratio effect in the carefully controlled studies of the
mouse cast doubt on the reality of an effect which might
be observed in man, but the mouse data may not be
pertinent. Elsewhere, one of the authors!® has set out a
number of reasons why man and mouse may differ in their
response to ionizing radiation insofar as the sex ratio is
concerned. Some of these reasons are also applicable to
the other animals which have been studied. Perhaps the
only conclusion which can be drawn from the animal
experimentation at present is the obvious need for caution
in extrapolating from one species to another.

On an interpretation of these studies Ionizing radiation
can and undoubtedly does produce lethal mutations associ-
ated with the X-chromosome, and under the simplest of
circumstances these mutations may lead to an altered sex
ratio among progeny born subsequent to exposure. It is
believed that the truth of this assertation is more or less
universally accepted, but this is not the issue as the authors
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see it. Rather it is a question of the best possible estimate
of the rate of induction of sex-linked lethal mutations, and
the realization that other forces may be at work which
make the simplistic point of view just set forth of dubious
value. In particular, two questions concern us. Firstly,
what explanation, if any, can be advanced for the apparent
reversal of an effect perceived, albeit dimly, in the earlier
data from Hiroshima and Nagasaki? Secondly, what
interpretation is to be placed upon the totality of data
presently available?

With respect to the first of these questions, one possible
explanation, of course, is that there was in fact no effect,
and that the earlier data were fortuitous. But, if one
assumes that the apparent effect was real, then obviously
one is obliged to conclude that the later data, that is, the
ohservations from 1956-62, are not in pari materia with
the earlier. This could be so because of a confounding of
extraneous variation, but there is no evidence to support
such a supposition. There is, however, another possibility.
Some experimental evidence suggests that the yield in
mutations, following an exposure experience, may diminish
with time either as a consequence of the repair of certain
mutations, of cell selection, or both.!7 It is conceivable,
therefore, that the number of sexlinked lethal mutations
potentially recoverable from the populations of Hiroshima
and Nagasaki has diminished with time, but, a comparison
of the regression coefficients for the three time intervals
in which the data have been analyzed fails to reveal clear
evidence for a time trend. It is possible, of course, that
a tendency, if one exists, of the kind implied is obscured
by the accumulation of spontaneous sex-linked lethal mu-
tations to be anticipated with time, especially in males.!®!'?
However, if the difference in age between exposed and
nonexposed parents is increasing with the passing years,
then one might expect the increased frequency of spon-
taneous mutations to dampen the reduction in induced
mutations. The net effect would be to minimize a trend.
If, on the other hand, the difference in parental ages
between the comparison groups is diminishing with time,
possibly to the point even where the exposed parents are
younger, on the average, then the trend might be maximized.
Though improbable, perhaps, the sign of the regression
coefficients might even be altered if the exposed parents
were actually younger than the nonexposed.

One possible complication in the Japanese data as well as
that from elsewhere in the world concerns the occurrence
of chromosomal abnormalities involving the X- or Y-
chromosome. While it has not been rigorously demonstrated
that such abnormalities in man increase with exposure to
ionizing radiation, there is evidence from other organisms
which makes a presumption to this effect reasonable. Be
this as it may, any effort to assay the impact of chromo-
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somal abnormalities upon the sex ratio ultimately becomes
an attempt to ascertain the relative frequencies of gametes
lacking a sex chromosome and those having an accessory
one among the gametes produced by an exposed father,
on the one hand, and an exposed mother, on the other.
Suffice it to state that current information precludes an
exact analysis of this problem, but to the extent that an
evaluation is possible it would seem that chromosomal
abnormalities are not likely to alter the direction of change
in the sex ratio anticipated on the basis of the segregation
of sexlinked lethals, but will almost certainly alter the
magnitude of the latter change.'®

The unsatisfactory nature of the sex ratio as a variable has
been repeatedly stressed. It is apparently influenced by
any number of factors, e.g., maternal age, paternal age,
parity, etc. While the effects of these variables are
generally small, adequate explanation of their origin has
not been advanced despite the existence of bodies of data
far larger than those pertinent to the radiation problem.
Unfortunately, these unexplained perturbations are often
lost sight of, and only the elegance of the genetic argument
is seen. As matters stand—and we sincerely hope this 1s
our last word on the subject—the Hiroshima-Nagasaki data
fail to provide unequivocal evidence for an effect of radi-
ation on the sex ratio although they are consistent
(suggestive) with a small effect in the early post-bomb years
which has since disappeared. As stated earlier, it is
almost impossible to make a meaningful comparison between
the findings of the various investigators of this general
problem. However, taken at face value, these data are in
flat conflict with the findings of Cox,?® Musil,?! Muller
et al, *i.e., effects in this material as large as reported
by those investigators can be rejected at the 95 % level.

SUMMARY

Data are presented on the sex ratio of 47,624 children
born in Hiroshima and Nagasaki during 1956-62. The
total number of births in these two cities for which
infor mation is available is now 140,542, and of this number
in 73,994 instances one or both parents were exposed to
the atomic bombs. The suggestion of an effect of exposure
on sex ratio in the earlier data is not borne out by the
present findings. One can argue either that a small early
effect has disappeared or that the original observation
had no biological significance.
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