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RISK OF LEUKEMIA IN OFFSPRING OF ATOMIC BOMB SURVIVORS, HIROSHIMA AND
NAGASAKI, MAY 1946 - JUNE 1969
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SUMMARY £ O

According to the ABCC Leukemia Registry as of ABCC O BIMAE R 12 L0, 19464 5 H A 5 19694 6 H
30 Jun_e 1969, there were 387 cases of definite FTIhEENAEI BT 51969 6 HONBEE CHB
leukemia among those born between May 1946 and

June 1969. Of this number, 27 belonged to the WP FE 5200 B L7 3 387 Al ThH B, 205 H27HE, FHE—
sample of the JNIH-ABCC Mortality Study of ABCCAHFTEML T A2 EMEIRE» 5 OO

Children B to Atomic Bomb Survi :
ildren Born to Atomic Bomb Survivors CHER R A T

To observe the effects of A-bomb exposure, using

parental exposure doses (T65]_:)), the risk of leukemia BRI O B 4 30, Mo mmal (T65D) &
was compared between children of whom one

parent or both parents were exposed to 1 rad or AW, lradl Lo &E S AMME T —FOH
mortla _and children whose parents were exposed to PEDTHE, MEALTIVIEEOHLFL» 28 (1 rad
negligible dose (less than 1 rad) or were at a

distance of 10,000 m or more at the time of A ) & 721210, 000 m LLEE o BEHE T AR L 2B A 5 O o1
exposure. This fixed population was followed up LOMIZET2AMBEEDEBRENLIGL LA, 20

for a maximal period of 23 years and 2 months and e Y [ e R 904 s -y i
a minimal period of 10 years and 6 months. Bl BHIZ oW THRM23E 2 » H, HEWFE6E »Hizb

o THEL .
An average annual crude incidence per 100,000

population was 2.40 for children whose parents

were exposed to 1 rad or more; 1.44 for children AR A7) o (s O E R MR, ms
whose father was exposed to 1 rad or more and A1 rad D EOSBE S -B4132.40, LA 1 rad

mother exposed to less than 1 rad; 3.23 for ) _ ; ) )
children whose mother only was exposed to 1 rad L) ETBHEA 1 rad RGO A 12144, BHOAH 1 rad
or more; and 3.40 for children of the control group D EOEE1£3.23, WA 1 rad KO b+ H a4
whose parents were exposed to only a negligible _ _ o
B U IBRET - s i ¥ +Aa
dose of less than 1 rad. These values show that the RO LMBHTIE3A0TH L. N6 ORI, R
risk of leukemia is not increased in children of the TEE® LT, MMEAE20—5A1 rad LI ot

* Hiroshima Branch Laboratory, Japanese National Institute of Health, Ministry of Health and Welfare
I 4 [E] 57 T B 7 2 P 9 AT I 0 AR
**Socond Internal Medicine Department, Faculty of Medicine, Kyoto University; Visiting Research Associate, ABCC
TR RAER AT 2 N
» T Department of Hematology, Atomic Disease Institute, Nagasaki University School of Medicine; Visiting Research Associate, ABCC
B Wy o 3 R 5 0 T ok 1 R 7 (5 % BUF 2 A6 3% ML 7% 5 56 P



group with one parent or both parents exposed to
I rad or more compared with a control population.
The risk was studied by sex of the children and by
age of the parents at the time of their exposure, but
there was no consistent trend for increased risk of
leukemia in the children of A-bomb survivors.
Although the number of cases was small, comparison
was also made with regard to type of leukemia and
age distribution as well as age of parents of
leukemia patients at the time of exposure and at
childbirth and exposure dose of both parents, but
no significant relationship to any of these factors
was found.

INTRODUCTION

It is well known that ionizing radiation can induce
leukemia in man.! However, it is not known
whether there is also an increased risk of leukemia
in children born to parents exposed to ionizing
radiation.  Increased genetic mutation has been
reported >3 in the offspring of experimentally
irradiated animals. It has been reported that
incidence of leukemia is high in children born to
parents who were exposed to medical X-ray before
marriage (before mating) or during pregnancy.*™?
Studies made of children exposed in utero have
shown high frequencies of microcephaly and mental
retardation and increased mortality in children
prenatally exposed to large doses of atomic radiation
in the third trimester of gestation.'®!" There was,
however, no increased risk of congenital malforma-
tion, other than microcephaly or leukemia among
children exposed in utero'®*!® or in those born to
exposed parents.!4'15

Exposure doses in rad (simple sum of gamma plus
first collision neutron doses) have been estimated
for individual survivors based on distance and
shielding histories and using the air-dose curves of
Auxier et al'® and Cheka et al.!” This has made
possible a study of the risk of leukemia in children
born to A-bomb survivors of Hiroshima and
Nagasaki by exposure dose (T65D)'®1? of parents.

This report pertains to the risk of leukemia among
children of the exposed, analyzed by parental
exposure dose and covers a period of about 23
years (1946-69). This risk was analyzed in the fixed
population sample of the JINIH-ABCC Mortality
Study of Children Born to Atomic Bomb Survivors.2°

ERWLFMIZE0 5 BN EERRBERARNL T2
WIEERLTVS, 2ORERMESL FEOMY 5 &
UTRRIE DO ERA B <72 5, WME 25 D Ttz
EIMFESEEEREABMNL T3 & n 3 —W L A m
HENLE o, Bz basr-rp, g M EE OB
DRCHECEERG A, R ER R 5 & U i 8 00 18 g A )
DI ETE 9 & & 612, AMBORR - o ln B 4 A %
BRAL2#R, COERCMLTLERLMEILED 5

neroi.
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METHODS

The ABCC Leukemia Registry?' has on record
almost every case of leukemia developing in the
two cities after the A-bomb. However, accurate
estimates of the entire exposed population and
number of children born to A-bomb survivors in the
two cities are unavailable. Therefore, in making a
study on the risk of leukemia in the offspring of
A-bomb survivors there was no suitable method
other than to use the cohort of the Mortality
Study of Children Born to Atomic Bomb Survivors.

Koseki check is made periodically of this cohort so
that the survival status of almost every sample
member is known, and the cause of death is
investigated for the deceased. Therefore, the
conditions are very satisfactory for detecting and
confirming leukemia. In addition to making this
investigation of cause of death, our data are
derived from referral cases diagnosed as leukemia at
various medical institutions in the two cities, from
the Tumor Registry and from autopsy reports. The
cases of leukemia detected from these sources are
screened and then reviewed by the ABCC hematolo-
gist, using available peripheral blood smears and
other medical data for diagnosis and confirmation
of cell type. Case confirmation is based on the
same criteria?! in the two cities.

A&

ABCC R MAREEER ™ (21, SBRLIMR IZIEES - F0df i o
ERLELAFEALETATOAMFBER S REEEN TS,
LAL, Eifiicst2HBEELADLHEBEEL» SO T
ODEOEHESHEBIITRATHES. LK1, FERHK
BEE 2 6 O T2 313 5 35 56 3 & Rk

HIZIE, FEREREE» SO FHROFECHELREM 4 (4
LIRS FEA L h o

COREMBEM->WT FERSAEMCZIT L bR
TWADT, MBPHFZFEEOERIHML ChY,
2, BEE LW TR ZOEEIr@AESL TS, LA
AT, HIMMWOEEMEFERIZIEFIZMEDO L VEYH
FHoTwa. EROFEAELXITH>T WAL, @i
(281F 5 EEBEB T AR & B S 0 EF o9,
GBS ES LV MES 25480 THMKEO R
BAREATWS, Zok) &AM ATAMALETHRA
ENABEMBHO 22 ) —= v 7P iFabh, ko,
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TABLE 1 COMPOSITION OF JNIH-ABCC JOINT MORTALITY STUDY SAMPLE OF CHILDREN OF A-BOMB
SURVIVORS BY T65 DOSE OF PARENTS
#1 TWF— ABCC HEEMEMEE » 6 0 T kO FEC R R EFH O : Mo TE5 R

Father’s T65 Total Dose (rad)
O T 655 # it

Mother’s T65 Total Dose Total
BEML o) T 6548 £t it No Estimate Not in City @i
HEFEM % L 100+ 99-1 <1 (I TERE T NoF et ’
No estimate  #fE5Efifi % L 35 27 117 238 1434 1851
100+ rad 46 201 145 342 1874 2608
99 —1 198 303 1730 1377 5769 9377
<1 372 613 1206 4272 9205 15668
Not in city ATB dilizv i -r% 418 746 1761 3041 17256 23222
Total # it 1069 1890 4959 9270 35538 52726

Cases of leukemia registered in the ABCC Leukemia
Registry as of 30 June 1969 and who were born
between May 1946 and June 1969 were reviewed,
and 387 cases of definite or possible leukemia
were confirmed.

The distribution of the 52,726 members of this
sample by estimated exposure dose of both parents
is shown in Table 1. The exposure doses of the

19465 5 H» 519695 6 A TORMIZEE N ~ED S B
T, 19694 6 H30H #] 7, ABCCHIMMmEER IZHH & h
TWEHMBREDEMIT#Th - 2%, BHEES

HVIHIRITREE 2 QM7 A 387 HIRERE & 17z,

S 18] @ BT 2 P v Ao [ HE B L thgklzfé%SZ T26
DO HEE BRI A K VISR LA R



parents of 2885 children have not yet been calculat-
ed by the T65D system. This is because their
parents were under heavy shielding in air-raid
shelters or concrete buildings at the time of the
bomb (ATB), and no method of estimating their
exposure dose has yet been developed. These 2885
cases are excluded from analysis. Thus the risk of
leukemia in children in relation to parental exposure
was computed for 49,841 children, and the sample
was divided into the following four categories.

Group [: both parents were exposed to a dose
of 1 rad or more.

Group 2: father was exposed to a dose of 1 rad
or more, but mother was exposed to less than
I rad or had been 10,000 m or more ATB (i.e.,
maternal dose negligible).

Group 3: mother was exposed to a dose of 1
rad or more, but father was exposed to less than
1 rad or had been 10,000 m or more ATB.

Group 4: both parents were exposed to less
than 1 rad or had been 10,000 m or more ATB.

Using the risk of leukemia in the children of Group
4 as control, comparison was made with Groups 1
to 3.  When the number of cases was small,
comparison was made by combining parental
exposure groups.

Since the hematologist had no knowledge of the
exposure histories of the parents during review of
the medical data and confirmation of diagnoses,
the biases in diagnoses are considered to be insignifi-
cant. Compared with the cause of death as given in
the death certificate, the hematologist’s diagnoses
in the present study were as follows:

28BS A DM OB RS, T65D ARTIEELHE
NTuZwv., ZhiE, 2OBCEBRBICBEEDS 29

U= MEBWM AL OEREAS S - BT, FOBRBE
Jza‘fﬁlf'é'éﬁ?ii;ﬁfiffliﬁ%ﬁéﬂtwf:cwf:wa("a‘a =
CD2BBS AL BT A S BRI L £ L7=#->7T, 49,841 A
D F B2 0 TR O B RRARL B 12 I R R R & 3
L wREL RO 4B HHEL ~.

BOLRE: WAL rad Ll b o) gt s w0t 7

I
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B2BE: WL rad DO EE T 174, BEE
ﬁlmd*ﬁWﬂﬁﬁExﬁﬂ# & B 013 E R
(210,000m LE DIz u A (T A b b, BFE oS
MEEL I SREEOLD)

F3WE: REMIE L rad L) I‘W)hﬁiﬁ}h:k SELFE B, W
HUE T rad RO RAIE R T H, b B0 E R
1R LlO,OOOmlJ\JELECfr)FJI‘f_L\f’;.

AR MM b1 rad RO EEZ AL,
& BV IEFHEE 1210, 000m LI O il (20 7

HAWO ST ARMBRERKRES B E L TH
WTH 1 —3BEDLEE T, AL EOEE
121, M OWRE 2500 CHiEEiTs - 2.

EFMEROBRI L B OMHEOR C MikEiFxg:
BHOMBRESF A€ TH 20T, BIFCHELZRD
BhHVWEEZIGNSG, FECBITT Bl sn~FEHE 4m
OEFFEIZ 40 2 M EMRE OB & OB RD » &
NTh3.

Underlying Cause of Death (Death Certificate)

5% FE 061 ( JE T 4% I 41 )

Hematologist’s Diagnosis

R R — Leukemia Other Cause Alive
HEENFR & Dbl
SR B i 4 20 b0 R Lk
Confirmed leukemia ;2 b i 5 7 (= 145 22 4 1
Possible leukemia (2 1254 % 1 104 0 0

Confirmation rate i 22/23=95.7%

Detection rate #4W# :22/27=81.4%

RESULTS

The distribution by type, of 387 cases of ¢onfirmed
leukemia in Hiroshima and Nagasaki that developed

& ®
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TABLE 2 DISTRIBUTION OF DEFINITE AND PROBABLE LEUKEMIA CASES WHO WERE
BORN DURING MAY 1946-JUNE 1969 BY TYPE OF LEUKEMIA AND SAMPLE CLASSIFICATION
(as of June 1969)

#2 w%$5ﬁumw$6ﬁuiiht%uﬁué%%%ﬁﬁ;&&@%%&ﬂﬁﬁ%
DA AWK B & CRHATERO 5 EY ( 19694 6 H 3 7 )

Type of Leukemia

Sample Classification @75 1 [ o 5 41

4 15 Sample* Other thal

Z Nt B
Acute granulocytic 1 5 9( 33.3) 144 ( 40.0) 153 ( 39.5)
Acute lymphocytic @15 » SHMEHMBH 8 ( 29.6) 129 ( 35.8) 137 ( 35.4)
Acute stem cell B A 4 A 3¢ 111) 19( 5.3) 22( 5N
Acute monocytic o L ER 1 9 af 3.7) 16 ( 4.4) 17( 4.4)
Acute other type T O flh o> Bk a5 3¢ 1) 34 ( 9.4) 37( 9.6)
Chronic granulocytic 14 % ¢ fifi % £ i 75 3(C11.1) 18( 5.0 21 ( 5.4)
Total & it 27 (100.0) 360 (100.0) 387 (100.0)

*INIH-ABCC Mortality Study sample in children of A-bomb survivors.

T — ABCCRHMENRS A0 5 O £-1k0D FEC- BN T 44 %2 4

up to June 1969 in those born between May 1946
and June 1969 is shown in Table 2. Cases are
divided into those in the fixed cohort and others.
Of the total, acute leukemia accounted for 94.6%
and chronic granulocytic leukemia, 5.4%. The
granulocytic type and the lymphatic type accounted
for most of the acute leukemia cases. Of the 387
cases only 27 (7.0%) belonged to the sample of the
Mortality Study of Children Born to Atomic Bomb
Survivors.

The exposure status of parents, age of parents at
time of birth of the cases, and other data on the 27
cases of leukemia developing in the fixed cohort
are given in Table 3. There were only seven cases
regarding whom one or both parents were exposed
to a dose of 1 rad or more. The father of a case of
acute lymphocytic leukemia was exposed at a
distance of 820 m in Nagasaki, a location at which
the air-dose estimation is well above 100 rad. How-
ever, because he was in an air-raid shelter his
exposure dose has not yet been estimated. There-
fore, only 26 cases could be used to study the risk
of leukemia in this cohort.

Both parents were exposed to 1 rad or more in a
Nagasaki case which was diagnosed as acute
lymphocytic leukemia. In 8 cases of leukemia
(including 1 in which one parent’s dose has not yet
been estimated) where one or both parents were
exposed to doses of | rad or more, and 19 cases
born to parents who were both exposed either to
doses of less than 1 rad or at 10,000 m or more,
comparison was made by age of parents at time of
exposure, age of parents at time of birth of the

A7 E UL 387 (7 0395 B 53 45 & #6 2 125/ L 2~ ERNE,
AEERCELTU 340 20MNELE0 &34 5N
Twa. fHOhT, BEAMFM. 6%, MikE#itg
M4 5.4 %TH -7z BYEAMBEH O E AL IE, B
PEE ) RERIETEBH SN T/, 387 J o T B R
MELP SO FHOECHESRERCEENT VO
MR T B IcF 8 h o 1,

ZOEEMELEIFEAE U O 2715 o il # 0> i Bk
BE, WEROBOEN, 5L UZ0MOEREES R
L7z, M ELIZZD =541 rad LLEO a4 214
TR THIIZT 4w, BatE) » S sRMEA M 1 ()
DL, KT 820 m OPEBETHMEL T AA, Zh
M EE R A 100 rad £ 0 B IE 32100 VIBAE TS
5. LAL, TOXLHBEBEZ IohiznwtoT, g
MILHEE MO T L E A TETwE L. LEKF-T, =
OEM O R TEMBEERREOMRIZHET =~ 0
6 DETHB.

SR 2 SERIE AU & B E N R 1 T, @
MELIZT rad IEO M E-ZT T VA, fgE 212
TH—5A 1 rad L LO RS #E 24T 05 @ISR 8
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E, MR ELIZ] rad RO KHEMES I TV I A E A
1£10,000m LI THHEE L T 0 21900 & &, S0 S E
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TABLE 3 DEFINITE AND PROBABLE LEUKEMIA IN THE INIH-ABCC MORTALITY STUDY SAMPLE OF CHILDREN OF PARENTS EXPOSED

E e % TO ATOMIC BOMBS, HIROSHIMA AND NAGASAKI MAY 1946 — DECEMBER 1969
(e i %3 T —ABCCHRMIRE 2 5 O F HOFRCMES RET I 51 5 BUEE S & 002 £ EL & MIFHF D —5 %, 58S - B
ol 19464 5 F —19694F12 1
£ 22 .
$13 RO Amme |
,g § % ) MFNo Sex Wi 34 00 i 4 4 i ‘ ' WO I BRI SRS R o 0l 0 S Tifpe Uf LB“‘T* i A%i?ét U“deﬂiﬁ?ﬁ ES_L?_E)O{
S =28 HEGMES HEU Father Mother ' Father Mother Father Mother ~ [MFOEE ’Month EWTNEIER I (JECEB I )
&8 & £ b @ i % b i 11
E-,,;._ § %_ 1. M 2 rad 153rad N 16 16 28 28 ALL 1964-05 5.8 Leukemia r1ii#;
S 5 2 F . 147 N 20 19 30 29 ASL 196903  13.5 Alive A i
5 % g F - 56 H 28 20 34 2 AGL 1964-06  12.8 Leukemia
. = 4. F = 40 N 37 35 38 36 GSL: 196507  18.7 Alive
= 5 M = 30 H 23 17 29 23 AGL 1963-02  11.0 Leukemia
. 6. M 24 - H 8 11 19 22 ASL 195802 0.8 Leukemia
% M - 1 N 27 19 37 29 AGL 1967-06  11.4 Leukemia
T g M NoestitiifizlL — N 38 33 44 39 ALL 1955-12 3.8 Leukemia
? Mean 74 : 24.6 21.3 324 29.0 Median "4 June 1964 Mean ##5: 9.7
9. M = 0 H 30 28 34 32 ALL 1956-06 6.2 Leukemia
10. F 0 - H 32 25 36 29 AGL 196102  10.8 Leukemia
. oo I M 0 0 H 22 % 26 31  Lew sar. fimiaps  1952-05 1.9 Leukemia
Ngx 12 F = 0 H 33 24 39 30 CGL 196204  10.2 Leukemia
Lo 13. M - 0 H 37 35 38 36 AGL 1954-12 7.6 Secondary anemia # %1% i i
5‘ gg 14. M 0 0 H 28 22 31 25 AL 1958-02 9.4 .1;)1?}_1‘rjlztisht:.|r‘lb_erculosis
=~ 2 3 Wb g% - #5585
g- 0% s 1S M - 0 H 17 17 26 26 AGL 1957-03 1.8 Leukemia
TS L6 M 0 - H 17 14 27 24 ASL 1958-01 1.5 Leukemia
_§. S F 0 0 H 29 21 31 23 ALL 1964-09  16.8 Leukemia
TS & s M = 0 H 33 25 34 26 ALL 1960-02  13.3 Leukemia
\;E g % 19. F - 0 H 31 23 40 32 AML 1964-05 9.8 Aplastic anemia 1k % £ i 1t 1
T S§ 2 M - 0 H 28 18 38 28 AGL 1965-09 9.7 Leukemia
g $ 5 o M - = o= 21 19 26 24 ALL 1955-06 4.2 Leukemia
S 99 M s = 17 22 21 26 AGL 1958-01 7.9 Leukemia
S o3 M = = 22 21 26 25 AGL 1953-04 2.9 Leukemia
s A M — = = 30 23 32 35 CGL 1962-10  15.1 Leukemia
mOE 25, F - - = 25 22 31 28 AL 1957-12 6.2 Leukemia
= 5 26 F - - 21 20 31 30 ALL 1958-02 2.4 Leukemia
AR 5y M - — 14 13 23 22 ALL 1966-08  11.6 Leukemia

Mean T# 25.6 22.1 31.1 28.0 Median + # i Feb. 1958 Mean ¥ : 7.9




cases, age at onset, and type of leukemia. However,
no significant differences in leukemia prevalence
could be seen between offspring of exposed and
(virtually) nonexposed parent. While the median
year of leukemia onset in the group whose parents
were exposed to 1 rad or more is 1964, that of the
group whose both parents were exposed to less
than I rad is 1958. The year of onset is significantly
later in the group whose parents were exposed to
significant doses.

Table 4 shows the risk of leukemia in the sample
of the Mortality Study of Children Born to Atomic
Bomb Survivors of Hiroshima and Nagasaki divided
into four groups by exposure doses of parents.
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1 rad il O BB #5200 T 0B B H 0 B L G
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TABLE 4 CRUDE ANNUAL INCIDENCE RATE OF DEFINITE AND PROBABLE LEUKEMIA IN JNIH-ABCC MORTALITY
STUDY SAMPLE OF CHILDREN OF PARENTS EXPOSED TO ATOMIC BOMBS, HIROSHIMA AND NAGASAKI
MAY 1946 — DECEMBER 1969
#4  FHR— ABCCEMMEIEE 2 5 O FOFEC WAEMRIEH 12511 5 RBUTAETE & & UNZIERET & 1 ILA5 0 T 2 48 B
FEEE, LM - R, 19464 5 H —19694E12H

Classification of T65 Total Dose of Parents (rad)

Moy T 6542 45 ik o) 5 5

Father’s % =1 =1 <1i* <1* Total

Mother’s r} =1 <1 =1 < 1% o
Subjects HRH M 2379 4326 9362 33774 49841
Person-years at risk M2E A 41669 69544 154974 558275 824461
Definite & probable leukemia 5 i i 9 # & 0 (2125 92 % (3 104 (7] & 1 1 5 19 26
Crude annual incidence rate/100,000 AC105 A%~ 0 o Py EmEsets  2.40 1.44 3.23 3.40 3.15
Relative risk 115t %6 %k fio e 71 42 .95 1.00 -

*Including parents not in city ATB. BRI (2 4120 % o /- HEEL

The average annual crude leukemia incidence rate
(per 100,000 population) over a period of about
23 years was 2.40 in Group 1, 1.44 in Group 2, and
3.23 in Group 3. All of these are lower than the
rate of 3.40 in Group 4, the control group. The
relative risks in Group 1, Group 2, and Group 3
were .71, .42, and .95, respectively. Group 1
subjects, those whose parents were both exposed to
a dose of I rad or more, number only 2379, or
4.7%, of the total of 49,841 children. Only 1 case
of leukemia, which was of the acute lymphocytic
type, was verified in Nagasaki in this sample.

Children whose father alone was exposed to 1 rad
or more numbered 4326, and only 1 case of
leukemia (acute stem cell type) was found. Among
9362 children whose mother alone was exposed to
1 rad or more 5 cases were diagnosed, 3 had acute
granulocytic leukemia and there was 1 case each of
acute stem cell leukemia and chronic granulocytic
leukemia.

FIZ3F D B G R (2 d5 07 A E L O T AR ML e 4
(ATTIOL &) 12, 3 LB TIE2.40, M2 8TIE1.44, 5
SHETME3I.2ZBTh-7. ZhodTNTHBRTH S
AN AL VIELINK . F 1M Hop- $30
CH SN BEfEIREE, pobo 71, 42, .95
ThHode. WB AL vad L)L Lo GH & 0452
MENZELWIEHTAI279ATHY, = NILEE
49,841 A D 4.7 %12 Y 5. ZOBETIE, Bz AN
W RO BRI A 1 AMERENA2OHTH 3.

MBATA T rad L LO B EHE 21T~ FK124326 A %
A, g (Rt A 1A ERahTh 3,
THRZT A1 rad LI LOBSR % 205 T 0 39362 A 00 F
kot p S SENEME LB s, 203 bAM0E
WP L AT 35, 7 LT At AN S a1
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TABLE 5 CRUDE ANNUAL INCIDENCE RATE OF DEFINITE AND PROBABLE LEUKEMIA IN JNIH-ABCC
MORTALITY STUDY SAMPLE OF CHILDREN OF PARENTS EXPOSED TO ATOMIC BOMBS, HIROSHIMA AND
NAGASAKI, BY SEX

#5 THF— ABCCIRIRE RS 20 5 O T D FEL
)+ b5 G A TE

A REHIZH T 2BHEES L CIRITHE S AMRA
#,ORE - BN MR

Té65 Dose of Parents  #:# ¢ T 65z i

Both or one parent

Both parents received

received 1+ rad <1 rad Intal
M E AL 20— H40 1 rad Bl LA A1 rad F0 8t # 2
Male %1%
Subjects EOR 8218 17264 25482
Person-years at risk % AGE 135664 283806 419470
Definite & probable leukemia 3% W7 f 92 1 & UYE IETE 2 4 £ 45 7] £ 3 13 16
Crude annual incidence rate/100,000 A 11075 A 272 1) o 5 £ 6F {iH %6 £ 5 221 4.58 3.81
Relative risk et i 4 2 48 1.00 -
Female “i%
Subjects 7849 16510 24359
Person-years at risk 130522 274469 404991
Definite & probable leukemia 4 6 10
Crude annual incidence rate/100,000 3.06 2:19 2.47

Relative risk

1.40 1.00 =

Since this cohort is comprised of children born
between May 1946 and December 1958, the years
of follow-up up to June 1969, the time of
analysis, vary by the year of birth. Therefore,
correction was made for the year of birth and
comparison was made in the observed number of
confirmed leukemia cases. The expected number
was classified broadly into two groups. The first is
a combination of Groups 1, 2, and 3 where one or
both parents were exposed to 1 rad or more; the
other consists of Group 4 whose parents were not
exposed. For Groups 1, 2, and 3 combined the
ratio of observed to expected cases was 7/8.41
(.83) and for Group 4, 19/17.59 (1.08); the relative
risk in Groups 1, 2, and 3 combined was .77
compared with Group 4. Thus the risk was not
higher in the groups of children whose parents
were exposed to atomic radiation, compared with a
nonexposed and negligibly exposed group.

Table 5 compares by sex the risk in the children
whose parents were exposed to a dose of 1 rad or
more (Groups 1-3) with the risk in the children
whose both parents were exposed only to a negligi-
ble dose of less than 1 rad (Group 4). No increased
risk was noted in the males, but the relative risk
was slightly higher (1.4) among females whose
parents were exposed.
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7. MR o8 ARML 22—k, mEE L
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TABLE 6 CRUDE ANNUAL INCIDENCE RATE OF DEFINITE AND PROBABLE LEUKEMIA IN THE JNIH-ABCC
MORTALITY STUDY SAMPLE OF CHILDREN OF PARENTS EXPOSED TO ATOMIC BOMBS, HIROSHIMA
AND NAGASAKI, BY AGE ATB OF PARENTS
#6 ‘f'ﬁthBCClfﬂi,%%ﬂim%ﬁ‘%m%f-ﬁmﬂitéﬁﬁifr%ﬁé[?ﬂi::fa-ﬁ‘%:.E%ibfﬁ’fﬁ'-;eth;U“tizi’ﬁfﬂi&|’:umaﬁm$ﬁéj’rr:f'swﬁ%éﬂi%‘fﬁ,
IR - Rl 0 5 AR 4 i

Classification of Parental Exposure Dose (T65 Total Dose: rad)
RO T TSI : rad)

Both or one parent
Received 1+ rad

Both parents

Both or one parent

Received <1 rad Received 1+ rad

Both parents
Received <1 rad

MEME 22O~ HH A1 rad MME L z0— 5 WA 1 rad
1 rad Ll ko> lit il o # 1 rad L) Loy gt A i o # i

Subjects EOR"

Person-years at risk % A fF
Definite & probable leukemia

LI B Ay 2 UIE LR R 2 A 1 B
Crude annual incidence rate/100,000
ATTI0 N A 7 0 o 2 47 U 98 32
Relative risk il & ) 56 “f fis phi si2

Father’s age ATB <{20 regardless
mother’s age ATB
SO 5T I TF G AT 208 ok i,
BEML o0 IGUBRIE SRRB LE 1 b 4

2912 5215
39920 70382
2 4
5.01 5.68
.88 1.00

Father’s age ATB 20+ regardless
mother’s age ATB
SCHL O 5T BRI O Bl A 208 1) |,
FEARL O TGRS A (5 1k 1 2

Mother’s age ATB <{20 regardless
father’s age ATB
BER 0 51 MR OF i A7 204k i,
SO @ AR ML b % o

5887 12675

85759 185184

5 5
5.83 2.70
2.16 1.00

Mother’s age ATB 20+ regardless
father’s age ATB
RESG ) 150 BRIGE o i ¢ 2085 1) |,
SCHL O BRI TR L BT b %

Subjects 13155 28559 10180 21099
Person-years at risk 226266 487893 180428 373091
Definite & probable leukemia 5 15 2 14
Crude annual incidence rate/100,000 2:21 3.07 1.1 3.75
Relative risk T2 1.00 .30 1.00

It is known that increase of the risk of radiation-
induced leukemia is generally marked in persons of
young age and that increase of radiation-induced
genetic mutation is also marked when animals are
irradiated at a young age.

Table 6 shows the risk of leukemia with the cases
broadly classified into two groups by age of parents
ATB, although the number of cases for comparison
was decreased by doing so. First, the risk was
compared in two groups divided by father’s age
ATB, one under 20 years of age and the other 20 or
over, regardless of mother’s age ATB. The relative
risk was 0.9 in the group whose fathers were
exposed to I rad or more and whose father’s age
ATB was under 20 years in comparison with those
children in which both parents received less than
I rad.

TCST B AE FEAE F21 JIL975 O 36 4 0 I3 o0 A BN 1k — W 1 A
HILHEOTHMETH N, MHGHREREAZEBETRL
HHEBTHRAREZTZMIE0TE LV L HED

bhTwsa.

6 ZREM & I OMDERIZ L - T > ORIk
LEBeoAmmEEfRELFRLA. 2721, Zhiz
Fo THBIZAHATE 2H#MP»LE A aREIESH 5.
Y, BEOEME BEL T, WCHOBBEERC LS
THEM % 28, T4bH 62000 EE 20/ kil 2513 T
BAGMEEL LB 2. @HEA 1 rad Filio st s 2
FTwaFahizi LT, KMA 1 rad L o ficat i 4
ZFHTOT, LAY H R BRERERA 208K H -
M B SR EERBEL0.9TH - 7.



TABLE 7 RELATIVE RISK OF INCIDENCE OF DEFINITE AND PROBABLE LEUKEMIA IN THE JNIH-ABCC
MORTALITY STUDY SAMPLE OF CHILDREN OF PARENTS EXPOSED TO ATOMIC BOMBS, HIROSHIMA &

NAGASAKI, BY AGE ATB OF PARENTS

#7 TiF—ABCCEMHEIBE» O FROBCHAESREFN I H T2 BHHEL L VIFIEMEL QMK
fHA Y S IR, R - EW: Mo FEReEEmsD
Classification of parental exposure dose (T65 total dose: rad)
0 80 0 8 Rk A5 ik o 53 HL( iE rad )
Both or one parent Both parents received
received 1+ rad <1rad
RELEETOD—HAH MR AT L rad #ilo it &
1 rad DI EOstid & 211 1% i
Both parents ATB <20 i #4741 (= 208 il
Subjects ot % & B 2685 4886
Person-years at risk % A i 36453 65410.6
Leukemia confirmed  F il #5 6 32 £ 2 3
Crude annual incidence rate*® < # i 56 4 = 5.49 4.59
Relative risk 8 of i 76 4 fi fa 52 1.20 1.0

Subjects

Person-years at risk
Leukemia confirmed

Crude annual incidence rate®
Relative risk

Subjects

Person-years at risk
Leukemia confirmed

Crude annual incidence rate*
Relative risk

Both parents age ATB 20 +

i AT TR IR 12 2088 L)k

9953 20770
176960.9 368118.7
2 13
113 3.53
0.3 1.0

Father’s age ATB <20, mother’s age ATB 20 +
A2 H AF T RRE 12 200 AT & - /2

BB AT BB (2 2046% 1) 12

227 329
3467.5 4971.8
0 1
0 20.11
0 1.0

Mother’s age ATB <20, father’s age ATB 20 +

FIE LA REARNG (2 2058 il T & - A A0, S0 AT IS BRI (2 204 1) 1t

Subjects 3202 7789
Person-years at risk 49306.0 119773.4
Leukemia confirmed 3 2
Crude annual incidence rate* 6.08 1.67
Relative risk 3.64 1.0
* /100,000 WM A0 AN 2D 0%
Next, the risk was observed by dividing the cases A1z, WO B R SRS AT 200 Al E - 122068 Ll oo B

into those whose parent’s ages were under 20 or
20 and over by the two parent’s dose groups as
shown in Table 7. There was no relation between
the incidence of leukemia, parent’s age ATB and
parent’s dose.

DISCUSSION

Based on the data collected up to 1961, Hoshino
et al'® reported no increased risk of leukemia in
children conceived to proximally exposed parents.
There are several reports of increased risk of
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childhood leukemia where parents were exposed to
diagnostic X-ray before mating as well as during
pregnancy.“"g Thus, studies on A-bomb survivors,
including the present one, and findings on cases
exposed to diagnostic X-ray are somewhat
contradictory.

There are some reports‘*_6 for the risk of leukemia
to be higher in children whose parents were exposed
to medical radiation which is of much lower dose
than that received by A-bomb survivors. The
reasons for this are quite inexplicable.

The relative risk in cases exposed to diagnostic
X-ray prior to mating is around 1.5.7 Inquiry into
the numbers of diagnostic X-ray films experienced
by mothers and father of cases, as compared to
controls, before their conception indicated that no
dose-response relationship was demonstrated.”
When a relative risk was calculated for children both
of whose parents had been irradiated, the resulting
weighted relative risk was about the same order of
magnitude as for children whose mothers alone had
received radiation.” Therefore, it seems to us that
there is confusion in reported evidence concerning
the increased relative risk in children of parents
exposed to diagnostic X-ray. It is also known that
the report of Stewart et al*® for prenatal exposure
and child leukemia originated from interview data
for history of diagnostic X-ray. It has not yet been
shown that historical facts concerning medical X-ray
exposure are comparably recalled by parents of
leukemia cases and controls. The relative risk of
leukemia in children whose mothers were exposed
to diagnostic X-ray during pregnancy is reported as
around 1.4-1.9° The coincidence of the same
magnitude of relative risk between prenatal exposure
and exposure before conception is difficult to
understand.

The cohort we used was of children born in either of
the two cities between May 1946 and December

1958. This sample originally was established for
the purpose of studying mortality in children born
to A-bomb survivors. It was not designed for
studying the risk of diseases of low incidence such
as leukemia. While thus restricted as to sample size
and composition, one advantage is that the effort
made to detect leukemia is satisfactory and the
survival status of the sample is almost completely
known. The annual crude mortality rate from
leukemia is low in Japan being about 3.0 per
100,000 population. Therefore, even though the
present study of approximately 50,000 children of
A-bomb survivors and controls, covers about 23
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years the number of subjects of each parent
exposure group was small and the sampling variation
great.

There is the disadvantage of not being able to
study the risk of leukemia in children born to
young survivors who were very young (under 5
years) ATB and had not reached marriageable age
by December 1958. On the other hand, if the
effects of exposure should appear more marked in
children conceived early after exposure, the sample
of the present study can be said a valid one.
Although other exposure groupings can be consider-
ed, the size of the sample in the various cells
would become too small for meaningful analysis if
the dose intervals were too finely divided. The
resulting sampling fraction would become very
great in a disease of very low incidence such as
leukemia. Further, since dose to A-bomb survivors
is from a single, acute, whole body exposure, study
may have to be made of gonadal dose to determine
the risk of leukemia as a genetic effect. Also,
consideration of history of exposure to other than
atomic radiation is required.

Experimental studies in mice have shown that
there is significant increase in mutations only in
offspring conceived immediately after exposure of
the mother.? However, it is reported that in the
case of irradiation of male mice, offspring with
mutation continue to be born long after exposure
of the father.> In view of this, it may be
theoretically assumed that the risk of leukemia, as a
genetic effect, may be high over an extended
period of time in children whose fathers were
exposed, but no finding whatever to support such a
tendency is evident in our data. Although this may
be due to the small number of cases, there is, in
fact, no evidence to date of an increase in leukemia
among the offspring of exposed persons.

The risk of leukemia is reported to be higher in
children born to mothers of advanced age.**?
However, no tendency was seen in the present study
for the risk of leukemia to be high in children born
to mothers of age 30 or over.
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