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The study to be described was undertaken as
one facet of a comprehensive attempt to obfain
information concerning the various possible delayed
biological effects of exposure to an atomic bombing.
So well known are the genetic effects of irradiation
that inevitably one of the foremost questions in
the minds of those considering the possible late
consequences had to do with the characteristics
of the children of exposed parents. We shall
report on certain efforts made during the-y.ear
1946-1955 to answer the following two questions:

1. Can there be observed, during the first year
of life, any differences between the children born
to parents, one or both of whom were exposed to
the effects of the atomic bombings of Hiroshima
and Nagasaki, and the children born to suitable
control parents, and

2. If differences do exist, how are these to be
interpreted?

Data pertinent to these two questions were col-
lected thrcugh the agency of the Atnmic Bomb
Casualiy Commission (ABCC) of the National
Academy of Sciences—National Research Council
of the United States and with the assistance of the
National Institute of Health of Japan. The study
has involved the efforts of many, many people, to
all of whom grateful acknowledgment is made in
the detailed presentation now in press.

The possible observable genetic effects of irradi-
ation upon the first generation born after an atomic
bombing are many and varied. These include
changes in the sex ratio, the frequency of stillbirths,

the frequency of congenital malformation, infant
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mortality, etc. Each of these indicators of genetic
damage is also influenced by a number of other
factors; there are no known unique yardsticks of
genetic damage. Under these circumstances, the
crux of any program of study was the feasibility
of establishing control material which insofar as
possible differed from the irradiated only with
respect to the radiation factor. The kinds and
quantity of data to be collected were shaped by a
number of considerations, practical as well as
scientific. Notable among these were the expected
“*smallness’’ of the radiation effects, and the ex-
pected *‘largeness’ of non-radiation sources of

variation.
Brief Description of the Program

Briefly, the plan of attack on the problem was
as follows: In the post-war years there existed in
Japan a ration system such that pregnant women
upon registration of their pregnancy following~the
completion of the fifth month of gestation could
acquire access to certain rationed items. With the
cooperation of the city administrators of Hiroshima
and Nagasaki, a system was instituted in 1948
whereby at the time of her registration for ration
purposes, each pregnant woman or her represent—
ative in these two cities also registered with the
ABCC and completed the first two thirds of a ques-
tionnaire which included such items as identifying
information, a brief radiation history of the husband
and wife, a short summary of the past reproductive
performance, and pertinent details concerning the
present pregnancy. At the time of the termination
of the pregnancy, the midwife or physician in
attendance notified the Commission and completed
the aforementioned questionnaire by answering
certain questions pertaining to the characteristics
of the child and delivery. More specifically, infor-
mation was requested on the following possible
indicators of a genetic difference between the children
©of control and irradiated parents: sex, birthweight,
stillbirth, and presence of malformation. Fig. 1 is
an English translation of the questionnaire.

Regardless of the type of termination, a Japanese
physician in the employ of the Commission or the
Japanese National Institutes of Health called to

examine the child—at once, if there was a report
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Fig. 1. English Translation from the Japanese

Investigation Sheet for Births after Atom Bomb. Printing of July, 1949.
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3. Expected date of birth
MEsEEse 00 o edesdliile suosnaltons 16 aadimien e 10
Husband (;‘E) Wife ()
4. Name (Mdldf_‘n name in case of WIfe)
A (FEIREER O T)
5. Birth dates of husband and wife
FEDEFHH
6. Age (exact number of years and months)
ﬁ%(ﬁﬂ?ﬂﬁﬂ) i o
7. Present in Hiroshima or Nagasak: at time of bomhmg
fret LN =
8. Location at time of bombing (street and number)
B (R, (T H, (&)
9. Dlstance from hypocenter
B L b DR
10. Ind(x)rs
EWLE Rl ] e
11. Type of buildmg
EHOME . T pesmhal 0000000 suosmelaog®. . :3ncel Yeesebet B
12. Did you have or not have sub(.utaneous bleeding
&Tﬁﬂ®ﬁﬂ ________________________________________________
13. D1d you have or n()t have gingivitis
ﬁﬁ&®hm ____________________________
14. Dd you have or not have bloody diarrhea
M?ﬁtﬁ?ﬁ!@ﬁﬂ
15. D'd you have or not have epilation
mimhm
16. Did you kave or not have fever
FEOAERE 0 . gtdoin®) | Ceiel PO it Ateiinbe O
17. D¢ you have or not have burns
kg@ﬁﬂm PRI e P T R SR SR e P L L RS P Bl L LRt £
18. Dd you have or nnt have external injuries
ﬂ@ﬂﬁﬁ Pl Mol 1,0
19. Date month and year of begmnmg cohabltatlon
RigEbIsaOF A B
20. Number of months interruption of cohabitation
Rz AEiE o0 B 2
21. Total number of months cohabitation
ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ Sepan NP T VRN o
22. Number of months cohabltatmn before August 1945
ﬁm@sﬂuﬁ®ﬁmﬂﬁ
23. Number of pregnancies before August 1945
Wk BARTOLERE R
24. Number of spontaneous stillbirths before August, 1945
® E umﬂﬁﬁﬁﬁﬂﬁ
25. Number of thempeutlc abortu)ns before August, 1945
in] J: Llﬂi]@)\Iﬁ‘TﬁfﬁE“l"%i—lﬁ 1
26. Number of months cohaintation after August 1945
RIS ALMEOMMERE MR LEoMRLEEE )

. Name of city and investigation sheet number

MaLAARES

. Day, month, and year of reg‘lstratlon
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27. Number of pregnancies after August, 1945 (including present)
| b U\ﬁé@i&kﬁ[ﬂﬁ (ﬁ&@&ﬁﬁ&"%‘h)

8. Number of spontaneous st111b1rth~3 after August, 1945-"."”""- P LA e
R Do AT EmE

29Number0ftherapeut1c abortions after August, 1945
ﬂﬁm@BﬂuﬁﬂAlﬂ&ﬁ*%ﬂﬁ

30 Total number of pregnancies

TR O FRE H

31. Total number of spontaneous stillbirths

H ATERE DIEEIE
32 Tutal number of iherapeutlc aborhons

AT D#EH
33. Marriage of blood relations (first cousin, one and one-half cousins,
second cousins, etc.)

m%%%(ut_,v # iLL&L%)

34. Present address and occupatlon ()f husba.nd
BUERT &R AORRE
35. Day, month, and year of beginning of last menstrual period of wife
LofAROBMBERAR
36. Day, month, and year of birth expectation (according to calculation sheet)
HEFECFEAR GIERIZLD)
37. Present month of pregnancy
Bz it 2 IE RIS
38. Day, month, and year of termination of birth
SERETHEAR
39. Number of weeks of pregnancy "
Ek’_ﬁ&?ﬁﬁ
40 Course of labor Spontaneous Induced
IR CEH) (7FH)
Duration Use of instruments
(ﬁﬂﬁﬁ) (%%ﬁm®ﬁ#)
41. Condition of newborn lee birth after 38 or Premature birth under and
e R ok e more weeks including 38 th week
(kﬁmmﬁﬂ ZEEA)  3BHELIEOLE 38WLART DHEF B
Miscarriage 20 weeks Stillbirth 21-29 weeks
or under 21—29 B DIEEE
2038 LI OIEE
Stillbirth 30-38 weeks Stillbirth after 38 weeks
30—38H DIEEE 38 DR DIERE
42. Multiple birth (2, 3, etc.) Order of birth
SO (BT, H20FH) SRR
43. Sex of newborn
o R O
44. Weight (gr)
& % Uﬁ
45 Prtscnr:e or absence of malformat1on
ﬂM®ﬁﬂ

46 Typc of ma]formanon (glve detaﬂs)
FIEORE LT ORE GEREFEZ)

47. Date of death of newborn child
FERORTFEAR

48 Date of termination of any pregnanc:es after January. 1948

FAR23EE 1 AL O EE THERR

49. Remarks
W &

50. Name and address of attendant at birth
BR AL I B EE iR DG4 & BT
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of an abnormal termination or on a somewhat more
leisurely schedule if the termination was reported
as normal. The completeness of this system of
reporting and follow-up was checked periodically
by contrasting the number of births reported to
the Commissicn with the number of births reported
to municipal authorities. These studies indicated
that approximately 93 per cent of births occurring
in Hiroshima, and a somewhat higher percentage
in Nagasaki, were known to the Commission. A
large proporticn of the 7 per cent not ascertained
through the registraticn scheme subsequently came
to our attenticn through other channels. These
Iatter births, which we have termed the unregis—
tered series, are not included in the results to be
reported. They have been of value, however, in
determining the magnitude of any bias intreduced
by the failure of the registration program to be
exhaustive.

In the event that a pregnancy terminated abnor-
mally, as in a stillbirth or a child with a conge:nital
malformation, a supplementary questionnaire was
completed in the patient’s home by a physician
in the employ of the ABCC. This questionnaire
covered in some detail gynecclogic history, matemnal
illness during pregnancy, past reproductive perfor—
mance, and ecenomic status. In addition to this
questicnnaire, blood was obtained from the mother
for a serological test for syphilis. This same
supplemental questionnaire was routinely completed
on every registraticn for which the terminal digit
in the registration number was zero, that is to
say, for every tenth registration.

The possibility had to be recognized that for a
variety of reasens some malformations would not
be diagnosed at birth. Accordingly, in 1950, a
program was inaugurated to bring into the central
clinical facility at age nine months as many of the
children examined shortly after birth as possible.
This afforded an opportunity to check on diagnostic
oversights, to make supplementary diagnoses, and
to collect more information on infant mortality.
In addition, certain anthropometric measurements
(height, weight, head and chest circumference)
were cbtained as an index of general physical de—
velopment. Clinical facilities did not permit a 9-month

follow-up on every registered termination, hence
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it was necessary to sample the terminations. This

was accomplished by the simple expedient of calling .

in babies for examination according to the terminal
registration digit of the pregnancy. Where a child
who was included in the sample could not be
examined, an attempt was made to establish why, in
an effort to detect possible sources of bias. Other
evidence pertinent to the question of irradiation
effects was obtained from a study of early pregnancy
terminations (those pregnancies terminating before
the pregnant woman was eligible to register), and
from the autopsying of as many as possible of the
stillborn infants and those infants dying during the
first few days of life.

The Evaluation of Parental Radiation Exposure

To analyze the data it was necessary to classify
each pregnancy termination with respect to the
exposure of the two parents. Five categories of
exposure were recognized for each parent; he'nge
a given pregnancy termination could be scored in
one and only one of twenty—five exposure cells, the
appropriate cell being determined by the conjoint
parental exposure. The five exposure classifications
are as follows:

1. Not present in Hiroshima or Nagasaki at the
time of the bombing.

2. Present in one or the other of the two
cities but at a distance from ground zero (a) greater
than 3000 meters, or (b) 0-3000 meters and heavily
shielded, or (c) 1500-3000 meters and moderately
shielded, or (d) 2000-3000 meters and lightly
shielded.

3. Present at a distance of (a) 2000-3000
meters and unshielded, or (b) 1000-2000 meters and
lightly shielded, or (c) 0-1000 meters and moderately

- shielded.

4. Present but at a distance (a) less than 2000
meters and unshielded, or (b) less than 1000 meters
and lightly shielded.

5. Present but less than 3000 meters from
ground zero and exhibiting one or more of the
following three symptoms of radiation sickness:
epilaticn, petechiae, gingivitis.

“Heavy'’ shielding denotes presence in concrete
or brick building or air raid shelter at the time of

the bombing. “Moderate’’ shielding includes being
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within a street car, train, or car, behind a wall or
under the eaves of a house on the side away from
the hypocenter. Finally, ‘‘light’’ shielding includes
those individuals giving their location as in a
Japanese-style building or in a trench or behind a
post or tree. From a consideration of what has
been published concerning the distance-dosage
curves of a “‘nominal’® atomic bomb, the degree of
shielding afforded by the structures enumerated

above, and the levels of irradiation necessary to

induce radiation sickness and/or leucopenia, it is”

estimated that these five categories of exposure
correspond to doses of approximately 0, 5-10,
50-100, 100-150, and 200-300 roentgens equivalent
physical respectively. The distribution of registered
births by parental expcsure is given in Table 1.
Because of the relatively few individuals falling in
Categories 4 and 5, these categories were combined

for purposes of analysis.

Table 1.
= 1
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Distribution of births by parental exposure (all births)
RO MBS FBE DA (RHAE)

Mother's Expesure EHE ORI
- o
1Y 2 g iy o lonls o
| |
1 20192 6089 2499 | 462 855 30007
2 1726 2145 488 100 142 4601
Father’s Exposure
2248 O B 3 697 452 594 54 75 1872
4 155 127 93 34 27 436
5 290 156 87 21 63 617
Total 23060 ‘ 8969 3761 671 1162 37623
b NAGASAKI @ B K
Mother’s Exposure OIS
Total
1 ‘ 2 : ‘ 3 4 5 5t
1 16721 10398 851 121 492 28583
2 2497 4654 314 39 97 7601
Father's Exposure
TEDOBIR l 3 269 309 118 14 22 732
4 50 56 14 6 1 127
5 111 138 26 } 2 22 299
Total #t 19648 | 15555 | 1,2 | e | 3ma
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Extraneous Sources of Variation

As has been stated, all of the possible indicators
of genetic damage utilized in this study are influ-
enced by a variety of factors other than exposure,
It was necessary, therefore, to undertake a detailed
comparison of the parents of the infants comprising
the various exposure subclasses with respect to
certain possible differences which might influence
the outcome of pregnancy. Time does not permit
more than the briefest sketch of the result of this
comparison. Consanguinity, maternal age, parity,
economic sfatus, frequency of positive serological
test for syphilis, frequency of induced abortions
and dilatation and curettage of the uterus, and the
frequency qf repeat registrations were among the
factors studied. Of these, significant differences
could be shown to exist among exposure subclasses
with respect to the frequency of consanguineous
marriages (the rate tended to decrease with increas-
ing parental exposure), maternal age (the mean
age tended to increase with increasing parental
exposure as did the variance), and parity (mean
and variance increase with increasing exposure).
Each of these three factors exerts a rather
appreciable effect on pregnancy outcome, with any
of them quite probably equaling if not exceeding
as a source of variation the expected effect of
irradiation. The observed differences in maternal
age and parity are such as to lead to higher fre—
quencies of malformation, stillbirths, and neonatal
deaths in the cells corresponding to the parents
more heavily exposed even in the absence of an
effect of exposure. Hence maternal age and parity
differences could in these data lead to spurious
irradiation effects. On the other hand, the observed
differences in the frequency of consanguineous
marriages are such as to lead to an increase
in indicater values in the cells corresponding to
the unexposed or lightly exposed parents and hence
to a possible obscuring of irradiation differences.
Among the other non-radiation sources of variation
only year of birth requires special comment. The
bettering of the economic situation in Japan in the
post-war years can be shown to be inversely
correlated with the frequency of births to heavily

exposed parents. To the extent that the bettering
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of the economic situation would be reflected in
improved nutrition, year of birth can be shown to
be of importance in determining the effect of
parental exposure on birthweight.

In the main the differences between exposure
cells with respect to these non-radiation sources
of variation are most pronounced between, on the
one hand, the cells in which neither or only one
of the parents were exposed and, on the other
hand, the cells wherein both parents were exposed.
Thus limiting one’s attention to those cells where
both parents were exposed minimized non-radiation
sources of variation, and yet affords a good measure
of the effect of irradiation since mean dose will
vary from approximately 10 to 400-500 roentgens

equivalent physical.
Statistical Methods

In view of the multiple problems which arise
when one attempts to employ survey data in an
analytical fashion, it is doubtful whether, giv;n a
body of survey data, any two competent stafisticians
would evolve essentially the same approach. While
the basic question to be asked of the data is a
relatively simple and straightforward one, namely,
is there a difference between the outcome of
pregnancy in irradiated and non-irradiated parents,
the attempts to answer the question are compli-
cated by three factors: (1) the possibly overlapping
nature of some of some of the indicators, (2)
extraneous (concomitant) variation. and (3) dispro-
portionate numbers of observations in the various
exposure cells. The first of these factors was
readily met by a pyramidal handling of the data.
Under the scheme employed, the first attribute to
be handled was the sex ratio. This was followed
by the frequency of malformation. In this and all
subsequent partitions, sex was taken into account.
All grossly malformed infants were then excluded,
and the frequency of stillbirths obtained. The still-
born infants were discarded in turn, and birthweights
distributed on the remainder. The order of the
testing is indicated in Fig. 2.

But while it was relatively easy to handle the
data so as to minimize the problem of overlapping
indicators, making allowance for concomitant vari-

ation and disproportionate cell numbers was more
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difficult. Time does not permit even a sketchy
presentation of the statistical techniques. of the
various types of concomitant variation enumerated
above, three were felt to introduce potential biases
of such magnitude that some effort at statistical
adjustment was necessary. These were consangui—
nity, maternal age, and parity. Variation as regards
the amount of consanguineous marriage among the
parents of the children falling into the 25 radiation
subgroups was met by the simple expedient of
eliminating all children of consanguineous marriages
from consideration. Variation in maternal age and
parity was handled by a covariance analysis or by
increasing the ways of classification, depending
upon whether the variable was continously or
discontinously distributed. In the latter case, in—
formation from the different ways of classification
was pooled only after such pooling could be shown
to be justified by the absence of significant
interaction among the ways of classification. The
techniques employed in testing for interactions will
be presented in detail in the full publication now
in press. The numbers of observations available in
testing the various indicators are presented in
‘Table 2, a and b.

With respect to the third of the analytic compli-
cations’ mentioned earlier, namely, disproportionate
numbers of observations and the consequent non-
orthogonality of the contrasts, in analysis of
variance we have relied primarily on the method

of “fitting constants’ described by Wilks (1938),

RESETH T MEOBEFKLE, = O TEHA L
FRFEICOGTIL, TORREX 2 L TEVAL, L
EFE LA 0RO ERIC L 2EHD 5% 3
DLW THET O ENRELBE L T5BOMD
wETHAREMY D 5. THEE, BHOFERE LT
IEREE ChTHh 5. BOMRPIESFCETLE
EOWHONFRERIC L » TET 2 E®IC
SEBESE X 5 TR TREEALRATE LS
MBI X o TR Lo S OEMS X OIEIR
EHIZESTR - BT, BEA M At th
By, SEEERITH BT L - T, HOHMmETE L
SEFEOMMC L » TAE LTz, BEOSE, Ho
HEMCE R HE AL T T, EhE—f#izL
THEX LRV EBSBRICHACR O R 58

ufl-'h
L

HECH LRy —T Uiz, HEfFAOhEZEL
T Licoiiid, BUEH BN o3l 8 cRfiliz

bizo “C"Zﬁﬁ'?-b %ﬂ*ﬁgﬁ@fﬁﬁ:i“”ﬂ‘cﬁ;‘&bh
FEROBIL, £2 ak IV bITTHET.

SEiCh 7258 3 DT EOBAEIIIE T Tob b, 4
VTR 2 BEROTSH L ToMR L LTES
MiEo JEEAE R LTI, BeikFE L LT Wilks
(1938) #ab-<tz “EHDSTITH? OFEKEL,
£ 9 » AoTFHOAGHIAZ S CTXFRo 2%

Fig. 2.
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#H W L VELRL
Indicator: Sex Ratio Malformation Stillbirths ENeonataI Death Birthweight
34 H T B P FEREC 4 TRAE

(10)



Table 2 a. An accounting of the number of observations considered
at representative stages in the analysis of the ‘‘at birth”
data and the number of rejected observations with the
cause of rejection.

% 2 a R TR-ERMRORBMBER TER LIBRK LR ES
MR IR

Available Observations [

A 28R

Rejected Observations
BizEbRA I3

Hiroshima | Nagasaki l
K & | & &

Total |
&t

Hiroshima | Nagasaki
R

Total
E.t_

Total infants SEEM....cccvcviiiiererrsiiiiiinn

T L FLIRR R
Rejected because the pregnancy was
unregistered, parental expcsure Wwas
unspecifiable, consanguinity or other
observations were incomplete .. ;
IEIRAR TG, ﬁﬂ@ﬁ@h%%%ﬁ i
A % 1 OB A e e &
b%ﬂ%

Conmdered f(:r consangulmty
SRR 2R

Rejected consanguinity ......occeeeviinnnes

ﬁﬂLtﬂﬁF%ﬂ

Considered for maternal age..

EEOFmH LG

Rejected multiple births......cocvevinennnns
Eedt Lo ZRes

Considered for sex ratit.....cocecocieininens

1‘11—[:5%?}515

Conmden_d for malformatlons ...............

FIHE SR

Rejected malformations.........ccoveueenne.

Brot Lo AT

Rejected congenital heart disease......

BieAt L o e R LR B 6

Rejected stillbirths.......oooiiniiiiiiinns
%ﬁLL%iM

Consu‘kred for neonatal deaths...............

kR H RS
Rejected neonatal deaths..................

BRAt Lk IR Al

Considered for birthweight................ |

4 TIRHE RS 5

38421 38205

32465 | 32066

32632 |

31222 31670

32830 33417

32465 32966

76626

71280

66247

3478 1868

313 281

44 53

357 334

5346

594

97

691

894

* In Hiroshima one set of registered triplets and 181 sets of registered twins occurred; in Nagasaki
there was one set of registered triplets and 224 sets of registered twins.

BEACIZRE TS0/ 1H LW 181 #nE@» bh, KT, =20 1H&NE 224 fasab bhico

€akio,



Table 2 b. An accounting of the number of observations considered
at representative stages in the analysis of the ““9-months’’
data, and the number of rejected observations with the

cause of rejection.

£ 9 0 A" Tkl A ERBRONERNBER TER LS8

250 2 R R R B

Available Observations
ERHEEH

Rejected Observations
BRI

I

Hiroshima

‘ Nagasaki | Tgtal
= ¥ &t

Total

Hiroshima
E & Al

B B

Total infants on whom there exists
some follow-up study.

%?Dﬁ%ﬁﬁ&%ﬁLtﬁEﬁﬁ

Rejected inadequate exposure history,
infant not part of 9-months program,
o (L o SRR B2 L B IR
BHREA, HH 9 » AokEItEC
ﬁihf;ﬁtof_tzﬁbﬂﬁai x 6%%@1

Total mfants consudered under the
9-months program.

i&gﬁﬂﬁﬁﬁﬂﬁ®TL%§QMKt

14768

11346

Rejected consanguinity...........ccceeeenes
Bt Lol el

Rejected incomplete measurements...... -

ﬁ%Lthé#ﬂﬁ

Con51dered for neonatal death
FERFECERS
Rejected neonatal deaths..................
ﬁﬂ Lf\_ﬁibﬂ?ﬁtﬁ

Constdered for malformatlon
FIERG

Rejected malformations........cc.cevuenee..

ﬁﬁLLﬁ%ﬁ

Constdered for anthropometncs ............
A a2 25

12324 27092

3422 5304

10442

694 1522

140 448

19818

458 942

18876

183 195 378

18498

with, in the case of the anthropometric studies on
children aged 9 months, logical extensions of this
method appropriate to the multi-variate analysis
of dispersion.

This very brief description of the statistical
methods, while mathematically entirely inadequate,
may have at least served to indicate the main
lines along which the analysis proceeded and the
In
closing this section we would like to express our

extremely laborious computations involved.

particular appreciation for statistical help from
C. R. Rao and H. L. Lucas.
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BBt E o et 4Th b8, ot
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LD DY - T bR AN e s X O,
ChitEE LT cbh o3 ES, e REicd o
ThoTehFHACEOTHS 5. AfiickIT 232
A sic Yo7, C.R. Rao }s X0 H. L. Lucas i
KoM L ORI #EL R L.




Table 3 A summarization of the comparisons of the various indicators with
parental exposure when (a) all exposure cells are considered
(the 4x4 case), and (b) only those cells where both parents
were exposed are considered (the 3x 3 case).

& 3 (a) 2R IESHOER (4 x 46 I U (b)) M8 L LicHE
LR NESHCOWTOLOEER (3 x 3#) ik a4 DIEE

ETRORE L OBIROBIE
a,
Parental Expost_ii-e O R
Indicator & = Fathers + Mothers £}
4x4case ] | 3x3case ff] | 4x4case il | 3x3case ffi
Sex "Ratio “fh e setl SRR s .30-.50 t .90-.95 1 .10-.20 | .95-.98 |
Malformation: at birth #¥ : £ TFH......... .50-.70 t .80-.90 | .50-.70 1t 0.99 1t
at 9 months O M cirininnn. .30-.50 | .02-.05 |
SGIIbinths FFRes! b ¥ SO TN Lo Ry .20-.30 ¢t .80-.90 1t .001-.01 * .30-.50 |
“Neonatal” Death “HAW» ...l 3 .20-.30 | 3 .02-.05 |
Death in 9 MONthS....ccccveiiiiiiiiiiiiiiiaiinans .05-.98 1 .50-.70 |}
£ 9 A ARICRT 7T
Birthweight Means: 4 FE:SRES{ER
males-Hiroshima BE—IEE covvvieinnennnn. 1l .10-.25 | 25
females-Hiroshima ZrE—JEE «ovvvivinnens : 3 >.25 | >.25 |
males-Nagasaki 50— .v.voverereeeen, | >.25 t .10-.25 |
females-Nagasaki B —&EW....ccocoeeneenl =25 .10-.25 ¢
Anthropometrics: A&l
generalized means FEEHE ..ooiiiiiiiieiiieeanee. <.001 .25-.50 I .02-.05 .05-.10

* No general test. —fgf9lRER L

b.

' Combined Parental Exposure

Indicator #§ & P &'.‘t fided
4% 4case fF 3% 3case A

Birthweight Variances: &4 FRifEE S

|
|
i
|
|

males-Hiroshima BR—IEE «voovveerrrmneennnes .10-.25

females-Hiroshima 4B —EE «cveevivnnnnens <.001

males-Nagasaki BER—RF......ccoevivniinnnns .10-.25 .

females-Nagasaki &)8—BE...cccovvviernnnns .10-.25
Anthropometrics: B{&FHHI

generalized variances: {847

i
males-Hiroshima BEWB—JKE ... 10.-.25 : >.25
females-Hiroshima ZR—IEE cceivvviennnnnns .10-.25 | >.25
males—Nagasaki BIR—FEF.....ccoovvviiiiininn. .10-.25 l: >.25
females—Nagasaki /B —FB....cooovvvviiiennn. .05-.10 ! .05-.10




Results

The results of the study are summarized in
Table 3. For most of the indicators, two separate
analyses have been presented, one including (the
4x 4 case) and one excluding (the 3x3 case) those
exposure cells wherein one or both parents were
unexposed. The latter was deemed necessary
because of the criticisms which can be leveled at use
of the unexposed parents as controls. The compar-
isons given in this table are, in several instances,
without correction for age-parity differences
between exposure subclasses, a point we will
refer to from time to time.

The figures in the columns refer to probability
levels. The arrows indicate the direction of the
difference between irradiated and control values.
The arrow is directed upwards if there exists a
continuing increase in the attribute or measurement
under consideration as mean exposure incregses,
or downwards if the converse obtains. In the event
the attribute or measurement bobbles, as it were,
with increasing exposure, the direction of the
arrow was determined by pooling exposure classes
until a decision could be reached. The observations
were weighted by the mean exposure of the class
from which they were drawn. It will be at once
apparent that most of the analyses have failed to
reveal apparently significant relationships between
indicator and parental radiation history. There are,
however, a few specific points that merit discussion.
In the order in which they appear in the table,
the first finding at the level of significance is with
respect to the frequency of malformation at age 9
months in relation to maternal exposure, in the
3x 3 case. The downwards-directed arrow indicates
a decrease in the frequency of malformation among
the children of the more heavily irradiated, a
finding which under most hypotheses would not
be taken as evidence for increased mutation
production. The second significant finding is an
apparent increase in stillbirth frequency among the
children of the more heavily irradiated mothers
for the 4x4 case, but not for the 3x3 case.
When, however, age and parity corrections are
introduced, the apparent maternal exposure effect

disappears for the 4x4 case. The third finding

& S
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BEMF EMES, FEEREOMRITORTH
et a7 o, KA EAEF LD, M0
AR TAZ TS, BT EM, BidEo
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at the level of significance is neonatal death rate
in relation to maternal exposure for the 3x 3 case.
Significance here stems largely from a rather
striking depression of the death rate among the
infants born to mothers in Exposure Class 3.
There is, however, a slight increase in the death
rate in Exposure Class 4-5. The fourth and fifth
findings concern the generalized means of the
anthropometric examinations conducted at age 9
menths, in relation to both maternal and paternal
exposure for the 4x4 case. The disappearance of
these apparent effects for the 3x3 case raises
questions concerning their validity. The sixth and
final significant findings concerns birthweight
variances among female infants born in Nagasaki,
with parental exposure considered jointly for the
4x4 case. This effect is not borne out by the

three othzr comparable analyses of birthweight
variances.

In summary, then, there emerge from this analy—
sis no really clear indications that the radialion
history of the parents has affected the character—
istics of their children here under consideration.
It should in this connection be pointed out that 5
of the 6 findings which give some indications of
significance involve the element of maternal ex—
posure, a fact which in view of the possibility of
maternal somatic effects suggest the need for
particular caution in reaching conclusions. In order
to avoid all possible misunderstandings we hasten
to state that under no circumstances can this study
be interpreted as indicating that there were no
genetic consequences of the atomic bombings. The

interpretation is simply that conclusive effects
could not be demonstrated.

In a preliminary communication concerning this
study (Neel et al. [1953]), it was reported that
there appeared to be a significant relationship
between sex and parental exposure history, but no
other positive findings. This relationship does
not appear in the present analysis, although the
direction of deviation is still the same. Among
possible reasons for the disparity the following
should be considered: (1} the different (improved)
classification of parental exposure employed in

the present analysis, and (2) the accumulation of
additional data.
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Thus far in our analysis we have been concerned
with attempts to demonstrate a positive effect of
exposure to the atomic bombs on the indicators
selected for study. There is, however, another
aspect of these data. They permit us to place upper
limits on the effects which may have been induced
but not demonstrated by these studies. In other
words, we can place confidence limits on our
observations. The approach employed has been to
compute the power functions for cur several tests,
having first taken several steps to simplify the
statistical computations. The most important of
these steps involves limiting the computation to
those exposure cells with father’s and mother’s
class 1 or 2 vs. those cells with father's and
mother’s class 3, 4, or 5. This step, by ignoring
a portion of the data, has the effect of making
our approach appear statistically less powerful than
it really is. At any rate, on the basis of these
computations, it can be stated that our dath “are
adequate to give assurance at the 90 per cent level
that we would be able to detect the following:

(i) a decrease in the sex ratio, following

maternal exposure, in excess of an absolute change
of 1.6 per cent;

(ii) an increase in the sex ratio, following
paternal exposure, in excess of an absolute change
of 4 per cent;

(iii) an alteration of the malformation rate in
excess of two times the control value; and

(iv) an alteration of the stillbirth and neonatal
death rates in excess of approximately 1.8 times
times the control value.

In concluding, we should like to be the first to
recognize the unsatisfactory situation in which
this study leaves us, with respect to drawing firm
conclusions concerning radiation-induced genetic
changes in human populations. There seems to be
agreement at all levels that with the advent of
the atomic age, one of the most pressing questions
in the entire field of human biclogy, including
medicine, concerns the genetic problems created
by the exposure, for various reasons, of the human
race to increasing amounts of high energy irradi-
ation. The complexity of this problem is self-
evident. The final evaluation on which a valid

course of action can be based will depend on

BRI CLE, S Y > TBIR S hictaBh s+
LEIBOBMARELWSMCL L S LT 2RI
Wl Tze LanLiedih, ChboBEkhciid 51
DOOFiAH D TiohbbBERIEhzhL Mk
P, ERAETHY G T hinh - B HRR %
B T D, |ETHE, BeofEic R
AXEXBRZLTHH. HHELLTEARhIZLD
i, FEEnEt R A MR T A FR AR FTR UL,
FhrhobfodTsmENBEEYHRTs LT
Hotce HEOFROPTRLITT O, FHY
R FAEIR AR 1 F 1001 2 TR T 5 BB SR
RGP HIR ST 3, 4 FX 2R T 5 80RNES
BCRET S ETHhoTe, B LT EREIND
foib, TOFRUTR A OFEAREIEICERICAT
BDEALUTLERLRA LA L 2ANDLN, LiTh
¢, THBOHEIZHEST, e oI KROFET]
BOBIEZIOBFAETHIZEZLDTHLEND L
BTE 5o
i) FHREEIRED 1.6% OfMELEEL DD
b

i) RPFREO 4 % DR E(LE B SR
m

i) SR 2 5282 5 HBROLEL

vi) HBEOK 1.8 52 HIER LI
AL N |d

WL AR D10 o T, ATl 2 B SERvEE
B EE R T B REN TS 2 13 S i, K
REOBBHSAME L bOTHS 2 L FTTRAIC
ol FTHLOEREE L bICRFF ST ARAE
W0 2T RO BEELYET A MED 1011, Al
MEEx DIRBIC X hE= R4 ¥ — ORSHHRRHE A X
W ESRICETS C LT ko TR HREFMNET
Hr. oOMEOEMEMIAN TS D, SEOEE:
FENORME L TED L 5 AR TTRE TH D
E5MTATAGKRFE L, HEMARERIZELD
FHAOTE ORI L > Tk F 5o BFAMNCHES
b hicsEmp il S BRSSO E%

(16



studies of many types, all carefully evaluated and D 1ot RE L ZERIAL T HEABREDOR BT ERRT

cross—correlated. This study will have achieved its Xt D LTl B THS Do
objective if in the ultimate synthesis it supplies
one of the sets of observations to be taken into

consideration.
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