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INTRODUCTION

A study was conducted in both Hiroshima and
Nagasaki to determine whether or.not the leukemia
rate is increased between August 1946 and December
1961 in children born of parents who received sig-
nificant amounts of ionizing radiation from the
atomic bombs of 1945. Although the leukemia inci-
dence rates for the offspring of exposed and non-
exposed parents could not be compared directly,
an indirect method was used for comparisons of
parental exposure. Radiation exposure histories of
the parents of children with leukemia were compared
to those of the parents of children in various samples
taken from the general populations of both cities.

MATERIALS AND METHODS

Leukemia among persons born after the bombs and
resident in either city at the onset of illness was
identified through the ABCC Leukemia Screening
Program.l If not already completed, the radiation
exposure status of the parents of each of these
children was carefully investigated by the routine
techniques employed by ABCC.2

Two independent estimates were obrained for the
proportion of children among the residents of the
cities whose mother, father, or both parents were
exposed within 2000 m from the hypocenter at the
time of the bombs (ATB). One came from a sex ratio
study of the Fj generation childhood populations of
Hiroshima and _\Iagasa.ki.3 A recent tabulation of a
portion of the total data consisting of births occur-
ring from November 1953 through December 1961 has
been performed. Other requirements for inclusion in
the tabulation were that either or both parents were
registered in the ABCC Master File or one parent
was in a sample of the population of Hiroshima and
Nagasaki designated as the Master Sample, proper
part, or one parent was located closer than 3000 m
from the hypocenter.?2 The data are tabulated direct-
ly by the exposure status of the father and the mother
(Table 1).
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TABLE 1 Fj SEX RATIO STUDY SAMPLE BY EXPOSURE DISTANCE OF PARENT

#1 HEBETLERFRELBTEER 50 N0 HomgEEs
Exposure Distance of Father m
R o wA O A
ity Exposure Distance
4 of Mother f s
Not-in-City Total
i mﬁmgﬂﬁﬁ <2000 2000-9999 S .
Hiroshima <2000 483 708 2817 4008
I & 2000-9999 848 2371 6159 9378
Not-in-City HHAE 2018 4869 17995 24882
Total 1 3349 7948 26971 38268
Nagasaki <2000 186 502 1654 2342
e ity 2000-9999 717 5107 11253 17077
Not-in-City A1 848 4312 18225 23385
Total 1751 9921 31132 42804

The other source of information concerning parental
exposure the data collected the ABCC
Fertility Study,‘i’S applied to the supplementary
data from the 1950 Japanese National Census. By a
check of the koseki® records the number of children
born to persons in the ABCC Life Span Study sample
was determined. Only Life Span Study subjects born
after the year 1900 to the time of the bomb have
been included. The number of Life Span Study
subjects and the number of children are given in

was in

Table 2. These data were used to derive the number
of children per adult in each exposure group by sex
of adults and city. The ratios are shown in the -top
panel of Table 3, the next panel gives the I950
Census estimates of the population in each of the
exposure groups. The number of children bom to
parents in the different exposure groups is given by
city and sex of parent in the third panel of Table 3.
These numbers were obtained by simply multiplying
the numbers in panels 1 and 2 for each corresponding
group. In panel 4 is shown the proportion of children
whose fathers were exposed within 2000 m, whose
mothers were exposed within 2000 m, and for whom
one or both parents were exposed within 2000 m,
assuming a random distribution of marriages and
births between exposure group combinations. The
age restrictions in Table 3 reflect interest in the
population of adults of child-bearing ages.

Table 4 refines the estimate derived from the
Fertility Study data by using information from the
Sex Ratio Study. A correction is made for the tend-

ency of both parents to be proximally exposed. It

AP OEBRECET A 1 >0&REIR, ABCCHE
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*Japan has an official family registration system based on a permanent address (bonseki),
events must be reported to the local office of custody of the records.

custody is the koseki-ka.

Changes of address and vital
The record itself is the koseki, the office of



TABLE 2 FERTILITY STUDY CASES IN LIFE SPAN STUDY SAMPLE AND THEIR CHILDREN

BY EXPOSURE DISTANCE OF PARENT

2 BRIBAE-—FaIAEEAOHS LU 0RO WRoEREREN
Hiroshima 55 Nagasaki ki
Sex Distance m Population Children Population Children
t it -3 Born 1900-45% Born 1946-61 Born 1900-45* Born 1946-61
1900 #4 519458 8 H 1946 — 6L 5 12 1900 40 51945 8 H 1946 — 61 £ 12
I EhsEaAL fkEhi bR ZHEEhisoAl £ E AR
Male <2000 1910 1366 797 849
5 2000-9999 2947 2911 1248 1134
Not-in-City ™HHF{E 2033 1543 713 806
Female <2000 2985 2346 998 1316
& 2000-9999 4716 4072 1714 2001
Not-in-City #iPTE 3134 2616 981 1206

*To August 1945

From Tables 1 and 8, Fertility Study tabulation 01295-4

TABLE 3 FERTILITY STUDY METHOD OF ESTIMATING PROPORTION OF CHILDREN
BY EXPOSURE STATUS OF PARENTS

%3 HoEBKERNOSROEGoRME Fik, EREHBHE
Hiroshima K& Nagasaki B
Distance m
FERE Male B Female # Male % Female #
1, Children per adult - Fertility Study
MALAY =D R—EFRNEE
<2000 L7152 L7859 1.0652 1.3186
2000-9999 .DB7B L8634 L9087 1.1674
Not-in-City i F 75 7590 8347 1.1304 1,2294
2. Adults aged <39 ATB - 1950 Japanese National Census
FE0ERROBEAOR -1 EESHENF FHE
<2000 7772 12026 2575 3439
2000-9999 17718 24974 24003 33940
Not-in-City #iA T & 73745 62551 53596 45493
3. Estimated number of children of adults aged<39 ATB
HpRNERAORADFHOBEER
<2000 5559 9451 2743 4535
2000-9999 17502 21563 21812 39622
Not-in-City i {E 55972 52211 60585 55929
Total 79033 83225 85140 100086
4, Proportion with parents exposed <2000 m
BA00nR@THRELEAEOHE
Father &8 <2000 L0703 L0322
Mother ### <2000 .1136 0453
Overlap, assuming random marriages - .0080 =.0015
FEASEFEELZESOEN
Total* # 1759 0760

*One or both parents <2000 m

W E i 0—FH200mEH THER



TABLE 4 PERCENT WITH PARENTS EXPOSED <2000 m FROM HYPOCENTER
(ASSOCIATION OF MARRIAGES ESTIMATED FROM ABCC SEX RATIO STUDY)

£4 BMH2000mETHE L TFROBS
(&5 05 0 B 1% 12 ABCCHELL B » 5 HEE)

Line Category Hiroshima Nagasaki
it R 5B =304
SEX RATIO STUDY DATA f{ElEM#E&EE
1 Mother <2000 m  FHl..ciiiiiiireiisrimrre e e s 4008 2342
2  Father <2000 m A .isireereeieiassssasenssisssasssstoassstistsssnsansnrsnnaansanies 3349 1751
3 Total children AR BB v veiveiinauiansadsanisirsninerssssutaacunssansnnrssressnns 38268 42804
4 Both parents <2000 m (estimated from random marriage)
WE<200n (EEEBEOBEO<200m THESLAEROEEH) .o 483 186
3 Rate B (1 X 27 3X3) ciictiniinanrsnsesscinntaaisatsaisarssisnsssssessstassnnsans L0092 L0022
6 Number # (53 3)%® riiirrrrrrre et s s s s s e 350.8 95. 8
7  Correction factor for fertility study data (4/6)
HEHBEEH I T AEERM 476 ) iiiiisinssrssrnsesraciasniiiaaee, 1.377 1,942
ADJUSTMENT OF FERTILITY STUDY DATA #ZhEEEHOHE
8 Overlap on random basis* {ERHHE* SR 3 W ..o .0080 L0015
9  Estimated overlap from 7 7T EHEELAEY i o R L0110 L0029
10 Additional nonrandomness correction % @ flié {F & EVEE 124 3 5 fE1E (9 - 8) .0030 L0014
11  Proportion with parents <2000 m ##*<2000m* THiE L RS A L1759 .0760
12 Corrected fertility study estimates #§IE L % 85 18 2 HE B M. .0eenennniencnnns 1729 L0746
13  Sex ratio study estimate {4 bk 3 ¥ HE & i (142 =4/ 3) ciieainanin 1796 L0913

*Fertility Study data, assuming random assortment of marriages {EF&WERELLHGORFNIMERN
**Computed using 4 significant digits 4 fin AEHERMVTHELLLD

can be seen that the effect of these nonrandom
associations is trivial. Comparisons of the Sex Ratio
Study and Fertility Study estimates are given in lines
12 and 13 (Table 4).

RESULTS

A total of 35 children with leukemia were found in
Hiroshima and 23 in Nagasaki among those born after
the bombs and resident in these cities at the onset
of their illnesses. These numbers are broken down
by exposure of parents, city, and certainty of diag-
nosis in Table 5. The two estimates for this percent-
age among the total population are presented at the
bottom of the table. The percent with parents exposed
within 2000 m is somewhat lower among the leukemia
patients than among the other children in the city
but they are in close agreement. However, percent-
ages for the leukemia casés have a large sampling
variability and no precise statement about the true
nature of the relationship is possible.

OHBRIEE LTI THEZ LI ZEMbPE.
WEHEE BRI AEER L ORKRE X4 D128 &
UB3fTE IR T.
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EmECHEE L, BRBFCLBPLIUERKICEELTY
FONRIZERE LA, KB T35E, RIBTBET
Bk ZhonkFZomBAoBRRER, Shn, &
FTUBMOEEEN SEAES IR L. BAORICE
WTHEBHAFESRIIOVT, 200 EMEEZO T
RLTH3. HA00mEA@OHELATSEE, M
mEAZOMONRIZHETS LD PR ud D
v, LA LAads, BMHELEOEFECEHMLETR
AREVOT, HEEOHOBEIIOVWTHE TE 2



TABLE 5 LEUKEMIA CASES AND CONTROLS BORN AFTER AUGUST 1945 BY EXPOSURE OF PARENTS, CITY
AND CERTAINTY OF DIAGNOSIS

#5 19458 ALAOMEEOAMBER & X CHEE: HoRBIRE - #50 - 2 oEEEy

Exposure of Parents

Hiroshima L%

Nagasaki &

B BR iR ag];;eé;&;gl;g Possible Total %Igéi'%g%; . Possible Total
it Ei 4 S bt o T T 3. fie s & U 5 TRk AT T
2 14 22 7] 5 I A A it F 125 R 35 1B A e 2 7 it
LEUKEMIA CASES [ i # 5
One or both parents <2000 m
MBELEZO—FAFN0n KB TER .evnnn 2 2 4 1 (4] 1
Both parents 2000-9999 m or not-in-city
FBLAT2000-999m THRIBE A GIFEEE e 24 3 27 16 3 19
Exposure unknown #BINE T, iiiiieiiinnn.. 2 2 4 2 1 3
Toral! HHaiusinnnsnisnmmminnag 28 7 35 19 4 23
Total exposure known ##AKGE @ B A& & fEH o & it 26 5 31 17 3 20
% with parents <2000 m
AW mEFTHBLAEAOETH, . fivviirnrs Tt - 12.9 5.9 = 5.0
CONTROLS #f 88
% with one or both parents <2000 m
Fi#RE G EO—HA200mEHMTHBLALODE R
Sex Ratio Study #EHSE L vvvvrivvrrrrnnrens 18.0 9,1
Fertility Study 2 D& iiiiieiieeinennn, . " 17.3 76
DISCUSSION £ =

It is not possible from these data to demonstrate an
excess of children with proximal exposed parents
among the children affected with leukemia. It is
appropriate to ask, however, how elevated the per-
centage of children with parents exposed within
2000 m would have to be before one could be sure of
detecting a difference. The estimates of the percent
with parents exposed within 2000 m in the general
population may have some bias, but their sampling
variability is negligible compared to that of the
estimates from the sample of leukemic children. The
percentage for the combined populations of both
cities is 13% (from Sex Ratio Study data). Using a
sample size of 31 cases the percentage in the
sampled population would have to exceed 23% in
order to consistently reject the hypothesis that they
came from a population value of 13% (using a one-
tail test). Therefore, it can be concluded that,
although the percentage having parents exposed
within 2000 m among the leukemic children may be
higher, it is 22% or less. Rates of leukemia cannot
be determined from these data. However, if there is
an increase of the rate among children of exposed
parents the rate is less than 2.7 times the rate for
children of distal and nonexposed parents.

IHEOER» S, NRAMBEFE Rz, AT
BMLAEFZVEWHI ZLEEMT A LI TE L.
L LEdo, MELELERTALHICIE, #AH2000m
MG THB LA ROBEFEOBREIZHMLTVE
HhiFzotwnh iR+ 2080655, —ADOF
TH A2000 m i THE L2 RoB Ao E Iz,
HEBEOMLEINFEEA2E LAY, FoMEE
Wi, AMmzE3 2 ) RoBRCHTAHEIHFITS
MmEE#H sz b T s, W& ADL
FEVTZOLED3EARB%THS (HILATER L
5). 3FlEVIRESOEBEREAVIHAE, Fhbo
HERIA, 13%DEEE2E5AOICBLTWS & W I {RE
BREEIIGETALDICE, ERADDIZE T 3 EHAR
B%eMihErs20wTdsdy (1{HimEIZLS).
LARST, AMFEEE T2 0Roh T, #520m%
BTHBLADROFEIFEVY, 2%LFTh 2 L
MTELH. AMBORESRE, Zho&E, S5 1RE
TAZERTELRZWY., LALEYS, MEBLEHIZES
NAEPRIZBEY2AMBORERFEMLT VWS L LT
b, TN EEEES JUEEROBRCEEN DR
CETSHMBRELED 2.7BLTFTH 5.



There is a possibility that both estimates for the
population share a common bias and some aspects
of this problem can be evaluated. It is known that
there are socioeconomic differentials among the
exposure groups, and that particularly the nonexposed
are a singular group.6 Therefore, it may be useful
to carry out the analysis using only children for
whom one or both parents were in the city ATB
(Table ). There is no appreciable change for
Hiroshima in comparison with Table 5. The percent-
ages are only very slightly higher for the Nagasaki
leukemia cases as compared to the controls in Table
6 where they were lower for the leukemia cases in
Table 5. However, in either instance the numbers
are so small that no meaning can be attributed to
these small deviations.

ZoAOiMT a2 oofEfcE, EBorc LA
HAAHruniwhigEs s, ZoMBEDH D EIFFFM T 2
ZeATES. Mo LSz, HEROMICEH S8R
MERFSD, HFCERBHEIHEANIBETHS.®
Lfﬁef,ﬁm%%ww%mLﬁﬁﬁﬁﬁWWunt
ARoaEFHCTEFRITE IO EuA2E Ly
(#£6). #£5 LHE~NRBE, EEBEOBSRIEL A YER
A shAw, BT, ESCETARNHEEIOE Y
BT EEICERTEL 2D, 6 TRHLTHIIEL
ZoTwd. LL, wFhoBédd, I ERID
BWOT, ZhoD P2 LTERELSVETZ
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TABLE 6 EVALUATION OF PERCENT OF CHILDREN WITH LEUKEMIA AND ONE OR BOTH PARENTS
EXPOSED <2000 m AMONG ALL CHILDREN WITH EXPOSED PARENTS
£6 BWHAWBLADREFEPTEBEAEZFO—-FF200m KETHEL L

R M ER O EH

e ]

Leukemia Cases

Hiroshima J[hks Nagasaki g

i 4% 51 Definite & Definite & e
_ Probable ot Probable Ll
REWTRE S & X U it BWiIEESL LU it
I 12 5 2 I
One or both parents <2000 m W# £ 7 1£ % 0 —Ji A7 2000 m 4 i T # AR 2 4 1 1
One or both parents 2000-9999 m W# & /i £ 00— A72000— 9999 m THIR 9 9 4 5
Total fEueeseeiressecnsensessenissiisnrenssnsssssssssasssssssisssasssorssnsossoss 11 13 5 6
% with one or both parents <2000 M ...ceeveinens i 18,2 30.8 20.0 16.7
W E AL F o A2000m £ TR LL“_&F?‘J@J’El o
Sex Ratio Study: % with one or both parents exposed <2000 m among
all children having one or both parents exposed 0-9999 m
e B EAREF0—HAHF0—9999m TESLLDREEOHT 33,9 15.9
B E L O— 5 A2000m i TR LABOE S E i
ZOERIC ZOEIPEETREILLD NS LN,

There are other biases in the data which might be
considered, but it seems that none of them are
serious. The most important problem is the high
sampling variability of the percentage of children
with parents exposed within 2000 m among the
leukemia cases. Considering this percentage for
the leukemia cases in both cities combined as 9.8%
(5/51) and assuming again that the population
estimates have a negligible sampling wvariability,
only 4% or fewer children could have parents exposed
within 2000 m to demonstrate a significant elevation
of the percentage obtained for the leukemia cases.
Such a low proportion for the proximally exposed
population could not exist without a glaringly obvi-
ous decline in fertility in that group. Decline of
fertility in the group exposed within 2000 m has not
been apparent on the basis of casual observation and
the fertility study ratios of children per adult used

ZOVFhiaEEFAREnwERREbh v, ZORHE
ORELEELSSE, AMFEEAE T A L Rop T, B
00mEBTHBLADROEGOMPETHOS N &
ThAH. Mk SFLABAOAMBHO IO EDTEE
9.8% (5 /51) k& Z, 2oBE&GLhbhbhO ADHEER
mmﬁﬁm@mﬁtﬁéﬁﬁﬁa%&ﬁi¢nw.ﬁﬁ
00mEMTHBLAZDREHLTIC4%LTIZE S
Fr, AFEHC2VWTRD SR EEFREFE CEHL
Zllch s, EEMHEBAOLETIHAY ZHEYE
CHARBIZIE, 2OBIHFLIEZDOEKRTIHE TN
AL, 2000mKFOBBHICETSEZNOEKT
B—RLTHMsA TR, bhbhoHfatIZHL L
BHRABTIZLAHRAL ALY DOSROLETL 7O



in our own extrapolation give no evidence of it. It
is therefore not realistic to postulate existence of
biases in the population estimates which in them-
selves would reverse the negative conclusion of
this study.

Recently there has been some clinical information
to suggest that preconception X-irradiation of either
parent increases the leukemia rate in F| generation
offspring. Graham et al have reported that children
born of mothers who had received radiation prior to
conception had a relarive leukemia risk of 1.6 that
of other children.” Preconception radiation of fathers
carried a small excess risk of 1.31, a figure of
borderline significance. The combination of precon-
ception exposure of mothers and in utero irradiation
increased the leukemia risk in the offspring by a
tactor of about 2. The conclusions of this study are
supported by Stewart et al who found that precon-
ception diagnostic X-irradiation of parents increased
the risk for all childhood tumors.8

The mechanism responsible for induction of in-
creased leukemia risk in the offspring of previously
irradiated parents is unknown. One possibility is
that the induction of chromosomal damage in either
the sperm or unfertilized ovum may relate to the
subsequent development of leukemia in the Fj
generation. Another possibility is that latent virus
activation in a parent might be expressed in the
subsequent generation. At least two strains of virus
induced rodent leukemia with vertical transmission
pattems now are known.?>10 Similar virus patterns
are suspected but have not been proven for man.
A single example of probable human [eukemia trans-
mission from a mother to her child has been describ-
ed. 11

The results to date of the F generation leukemia
investigation in Hiroshima and Nagasaki do not
appear to support the preconception parental ex-
posure studies just described.8:9 There are important
differences in the exposure histories of these popu-
lations, however. In Hiroshima and Nagasaki the
primary exposure was immediate and usually intense,
Tissue jonization was produced by neutron particles
and gamma rays rather than X-rays. Other factors
such as previous miscarriages and abortions, and
previous exposure to diagnostic X-ray are not known
for the Hiroshima and Nagasaki parents in this
study. The influence of these factors probably is
slight, however, since each would tend to increase
rather than to decrease the F| leukemia incidence.

The childhood population surveyed in this study
represents only about 33% to 50% of the potential
offspring of the adult populations under study in
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Hiroshima and Nagasaki. Leukemia identification in
the Fj generation along with substantiation of the
exposure histories of the parents should continue
until the effects of radiation exposure on Fj gener-
ation leukemia have been completely evaluated.
Human radiation information of this type is available
only in Hiroshima and Nagasaki.

SUMMARY

The radiation exposure status of parents of children
who developed leukemia while resident either in
Hiroshima or Nagasaki between August 1946 and
December 1961 was determined. In comparison to
two control groups of children in these cities there
was no evidence of increased leukemia in the child-
ren born of parents who were exposed to significant
amounts of ionizing radiation from the atomic bombs

of 1945,
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