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MENTAL RETARDATION FOLLOWING IN UTERO EXPOSURE TO
THE ATOMIC BOMBS, HIROSHIMA AND NAGASAKI

LESLURIBICS T 2 EREAHEERROAGEEF
WILLIAM J. BLOT, Ph.D.;; ROBERT W. MILLER, M.D*

Department of Statistics, ABCC' and Epidemiology Branch, U.S. National Cancer Institute and Member, U.S. NAS.-NRC Advisory Commitice on ABCC?
ABCC #E7H i 1 & & UREG PR i 8, Al LRl 2 ABCC I ERARER®

SUMMARY =
The prevalence of mental retardation by 17 years of IR« Belif (2 3507 &[5 113 i P‘~]1‘Eﬁ§%" ﬁ\"l?é{i 1T 3
age in children exposed in utero to the atomic bombs ORISR HESEM OB & B L VR

of Hiroshima and Nagasaki was examined in relation S R S O 5 A AL . IEETIE50 rad
to the most recent estimation of radiation dose y A

received. Significant increases at doses of over LIk, RHTIE 200 rad L) |‘ O BB A T RIGERTE O
50rad in Hiroshima and 200rad in Nagasaki were BhEmA e s, —ikic £ O3 RRE O M

i 1 ti 11 L )
Found, ?vlth t?‘le r.xsk of .memal retardation generally ZohT jm* L7, BB cREFEs s h -
increasing with increasing dose. The lower dose-

effect in Hiroshima may have been due to neutrons, A, CREEFIZFEBELAE R ETICLESL D
which were virtually absent in Nagasaki. b Lingw,
INTRODUCTION = =

Studies by ABCC in Hiroshima and Nagasaki have
shown an increased prevalence of mental retardation

L& e ABCC O 12 &0, 19454F 8 H (Z# L b

in persons prenatally exposed at close distances to I TRE MBI L 7 SRR O BUE QO BINL T 5
the hypocenters of the atomic bombs of August ZEAMTH SN, 1S [EEIT BT 2200 m LU o ik
1945.1-5 In 1954 a group of 169 Hiroshima children,

a group at that time thought to comprise all children THRABEBLAEEN L BN 2 16980 E 41954 i

born of mothers pregnant at the time of the bomb

W27 % - 7. DL, HEERECIEET -1 T1200
(ATB) exposed within 2200m was examined. An e = = s o8 5

inordinately heavy concentration of mental retar- LI ORS8RIz i miE B i (s kU
dation (and small head circumference) was noted to indiy

? e ~ G [FH] Sk~ ix 7~ 3 ] R
occur in those who were exposed within 1200m IR AT 2 BB S Z 0k, Ok
during the 7th to 15th week of gestation.3 Since PR OARER s, A OB ERS R A A S IR D 5
that time information on additional persons who were AEAE
in utero ATB has been obtained and careful estimates N s ZOEIZLT, BB BEGHTISIBESS

of radiation dosage have been made.® A fixed
sample cohort of 1613 Hiroshima and Nagasaki
individuals, roughly one-third of whom were within HiA 52000 m LINOBER#ERE ThH -1, 0K
2000m from the hypocenters, has been established.
Studies within this expanded sample have confirmed

the early findings of increased mental retardation for HIZE T A MO MR
those exposed at close proximity.1-5

ZAMEEMAAFTLNLZ, FOIBHIFOLITHL

WMEIZLZRET, LahciEn o n o RN S

Recently individual radiation dose (inrad) estimates,
based on shielding configurations as well as
distance, have been calculated for the mothers of L UCHIE A Dk L 7 b HE R ( rad ) APELE &N

B ZOETEEROIIT EASOERIZ VT, EfckiE



almost all members of the fixed sample.® Utilizing
these assigned doses, the purpose of the study
reported herein was to examine the relation between
mental retardation and radiation dose, with emphasis
on establishing at which doses prevalence was
increased and on determining whether higher doses
yielded higher rates of retardation.

METHODS

The fixed sample cohort of 1613 Hiroshima and
Nagasaki children in utero ATB consists of a group
of persons proximally exposed (within 2000 m) to the
atomic bomb matched by gestational age and sex
with two *‘controls’ a group distally exposed
(3000-4999m) and a group not in city (NIC) ATB.’
The children in this sample were scheduled for
yearly clinical examinations from 10-19 years of age
at ABCC (from 1956-6G5), as described elsewhere. 4

The determination of mental retardation for members
of the sample has 'been previously reported by
Wood et al,® who listed all cases of mental retar-
dation discovered by 17 years of age, providing a
discussion of the criteria used in the diagndses.
A child was judged mentally retarded only if he
were ‘“‘unable to perform simple calculations, to
make conversation, to care for himself, or if he was
completely unmanageable or had been institution-
alized’.3

In the present analysis percentages of mental
retardation within groups of individuals classified
according to radiation dose intervals were computed.
These percentages were tested for significance
against the percentages of mentally retarded children
in the combined distal exposed and NIC control
groups. Since the control groups were comprised of
substantially larger numbers of persons, the control
percentages were considered as essentially constant.
The tests were then one-sample statistical tests of
whether the various dose-group percentages differed
significantly from this constant.

RESULTS

Thirty children in the in utero sample, 21 of whom
were proximally exposed to the A-bomb were
classified as mentally retarded by Wood et al.5
The distribution of these persons according to
radiation dose-catergory is shown in Table 1. In
parentheses are given the number of cases which
appeared to be due to causes other than radiation
exposure.

In all groups which received SOrad or more in
Hiroshima, mentally retarded children occurred in a

FEEOBMB A6 O ESERME S v THEGER

MmErOMEBEEENL L IIh o, FRID, FOEES
FTOWMENENT 24, FLHERBE S 2512

DONTHMER W OEIEAFINT 22T e RHT 22 &
CHFEE A

Aok

AHEOMRIIEE - RWGITI613%2 65 4 5[ g%
AT s, Z ORI RE#E (2000 m LI T IG5 N B
LAEREE, Zh & RO - MERIRE &3 3
Zoo B 4 b 5w G N EEE T (3000 - 4999 m)
EEIRIBET A A A Lo TSN T a7
slicEshio Lz, ZOERMOFHRE10- 1980 B
12 ABCC THEIE (1956 — 654 ) frag L 2.7
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L THEEAREL L. HEEF ST ERT
WAEDT, MMEBRIIETAEERTIERL —ETH-
Po. FLTCHAMER ST ARERLMERIIFTSE
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TABLE 1 NUMBER OF CASES AND RELATIVE RISK OF MENTAL RETARDATION
ACCORDING TO DOSE CATEGORY

F 1 MEBIERC & mAsBEE & £ O
Hi 7 :
Dose iroshima Nagasaki
Sample Cases* Relative Riskt Sample Cases*  Relative Riskt
NIC, distal 830 5(2) 1.0(1.0) 246 4(2) 1.0(1.0)
0-9rad 145 3(1) 3.4(3.8) 11 0
10-49 189 2(1) 1,8(1.5) 45 1]
50-99 47 3L 10.6(11.8) 20 0
100-199 29 4(1) 22.9(28.6) 13 0
200-299 3 62.3(104) 5 1(1) 12.3
300+ 6 2 55.3(92.2) 7 3 26.4(52.7)

* Numbers in parentheses refer to persons (included in Lhe totals), whose mental retardation was apparently due

to causes other than intrauterine irradiation (see text for details).

Mo DR OHEE, BAKBLSOEER LR bh s MikERBE TS (SEHICEENE) (BAFEFLE

).

t Numbers in parentheses are relative risks after exclusion of persons with mental retardation due to causes

other than irradiation.

Ao TNO R, IGNRE LI O R Z kA E B R A BRI & B

very significantly larger percentage than among the
nonexposed in Hiroshima (P <.01). The percentage
for the nonexposed (.006) was based on a sample of
830 children of whom 5 were mentally retarded —
3 NIC and 2 distally exposed. In Nagasaki the
difference in percentages approached statistical
significance when the group exposed to 200-299 rad
was compared with the nonexposed (P <.10). (The
percentage for the control group was based on a
sample of 246 children of whom 4 were mentally
retarded —2 each in the NIC and distally exposed
groups.) When the dose was very high, 300rad or
more, the excess of mental retardation in these
cases as compared with controls was very signifi-
cant (P <.01). The statistical significance continued
to hold when cases apparently due to causes other
than radiation were excluded from the analysis,
except in the Nagasaki category, 200-299 rad, where
the one case with mental retardation had wvon

Recklinghausen’s disease.

To guard against the possibility that the Hiroshima
percentages for the control group might be lower
than normal, the tests in Hiroshima were repeated
using the 0-49rad percentage of .015 (5/334) for
comparison with the higher dose-category percent-
ages. Again the percentages for all groups that
received 50 rad or more were
larger (P <.05).

significantly

Also listed in Table 1 is the relative risk for mental
retardation in each dose group; that is, the ratio of
the percentage of mentally retarded individuals in a

CTHIE L ZHIMMEMETS 5.

L THBISEZ MRS SR (P <01,
EWMBBCOHITAREEITI.N6THE-. T hb,
B30FO it 5 L HAEEISTHNAESC3 B, Hil
MENRNEBRE 2 &, H5RZBbs L. —, i
T 200— 299 rad HBERE & IR MR BE S AR L 2

IZHRRICHEZRZARHE R (P < 10). (A
CHETS%EER T2 H Lo THEEN TV ATELT
VT HEL L A2 AT, BTN L N A B R U P
WM CThTh2 &, T4 Blc@BsRA. ) 300 rad
VLB @i & b iBEE s 2 e U 280, EniielEdy 12
shOTAkEREEENADSNA(PL.01).
BRI O B 12 & 5 & & 802 S BRAF L T R HAM

BB 2. 2L, Ko 200- 299 rad #(C
B4 1O HEES #1218 von Recklinghausen #5473
HEhi,

THNNTE

RSO R HERE I 45 11 5 583 & D v & v 5 THE
PEaBRb+ a1, RETH0 —49rad BEIZH 1T 5 5
EHETHS 015056, 33) FH0 THS LT SEENE
EWEEL 2, 2D, S0rad LI EOEBICAESR

@E (P < .00) &l /o,

FLUIEHMEBOMEENOMMSAERES ERL L,
Thbbt, HHEETICET S MERENERE & IR



dose category to the percentage in the nonexposed
group. Values of relative risk were consistently
greater than 10 for doses 50rad or more in Hiroshima
and doses 200 rad or more in Nagasaki. The relative
risk of mental retardation surpassed 50 for the group
that had received 200rad or in Hiroshima.
The risks were generally increased when adjustment
was made for those cases ateributed to causes other
than The adjusted

more

radiation. risks are given

in parentheses.

Mental retardation attributed to other causes may
have been made worse by intrauterine radiation
The of other causes in
Hiroshima were congenital jaundice (175 rad); two
Down's syndrome (27 and 95rad); Japanese B
encephalitis (5rad); Down’s syndrome (NIC); and
mental retardation in a sibling, suggesting a familial

exposure. diagnosis

trait (distal exposed group). In Nagasaki the other

causes were von Recklinghausen’s disease (274rad);

ChBathenlts HMmMmEREL LA HTNER
BIIEBTIES0rad L FofEE, KB TIE 200 rad L)L
DL HEVTIL L I)FGuiRL 2. KBTI
200 rad DL b oo BEIREEE (2 35 o T H & A4 1T R 1150 A& B 2
Fo. BHFLLSEO L OICRET A FIZoWTHIE# T2
i, AMeEIERE AR B LA HER OB
MEREL o > ZNIZRL 2.

BHBSLUMOBERICLEI2MEBHLIENBERIIL-T
Vo 2Bk shirtLhzn, ERBICEITEE
DEOEHELTEBIFsALE O, ERESE 1
(175 rad }, Down 4iF 3 8 2 ] (27 rad & £ 1795 rad |,

HA 1 (5 rad ), Down #E fi ﬁél er (TN A )
";.U:H./T-'Hh j"||il::.l_.rr11 M 5 -{»1_,‘[ EiLsNh 3 115'!
R FEBEMGNRIR ), —HFEBTE, LoBEMEE LT,

von Recklinghausen #5 1 ] ( 274 rad) 7 & (F12 52 KL

congenital syphilis and difficulc delivery (both cases WEIUMED 200 L5 (l5 & & EE PR
in distal exposed group). H) Thoi.
TABLE 2 PROPORTIONS OF CASES OF MENTAL RETARDATION ACCORDING TO
GESTATIONAL AGE AND DOSE CATEGORY
£ FUE ORI b & CHRBBERIC B 2 AL O A
Gestational Age (weeks)*
Dose Hiroshima Nagasaki
6-15 Other 6-15 Other
0-9rad 1/36 2(1)/109 0/1 0/10
10-49 2(1)/64 0/125 0/16 0/29
50-99 3(1)/16 /31 0/3 0417
100-199 3(1)/11 1/18 0/3 0/10
200-299 2/4 1/4 1(1y/2 0/3
300 + 2/2 0/4 1/3 2/4
* Gestational age ATB was based on the date of conception, as estimated by subtracting 38
weeks from child’s birth date, and adjusting for pre- or post-maturity.
AR O ST IR, SO MER L N3BE A S, SELSBECGL THERTE
A, HEELAZBHCESCTREL 4.
As noted by Wood et al’ the gestational age of those Wood 5 5 A8 L T v A & 910, S0 HE B o 5 ek
with mental retardation spanned the range 6-27 weeks ] n o CP AN,
with the concentration especially heavy in the first VEMRSHIE 6 —27:8C, ZOMBOEIEIZS - -8RI
half of this gestational age period. In Table 2 are Lo, F2ILEAGE M EE OSSR (P LB
listed proportions of cases of mental retardation
- 3 e EL . = B BN
according to gestational age (adjusted for pre- or BIDVTHIE) & S UBMBRIIRL 2. Zofam
post-maturity) and dose. The proportions are VB A 2 O B AT - S - AR O & BB B

expressed as the number of cases of retardation
divided by the number of persons observed in the
particular city-dose-gestational age classification.
Numbers of cases with possibly explained cause are
the
6-15 week gestational age group are generally higher
than the age-specific rates for other gestational ages.

given in parentheses. Prevalence rates for

BTHLTHEAMETH S, MERNKORRE AL T
VAL s SR L L HBEO EEMAS 6 —15
FIZH B S OMEIRIZS » 2H I
Hd L T @muiEEnrL

BT b - 72



No significant differences in average maternal age
The total
proximal sample average age ATB was 28.9. The
50-99rad dose group average was 28.8, the 100 +rad
dose group average was 27.9.

according to dose category were noted.

DISCUSSION

Previously reported findings of increased prevalence
of mental retardation among children exposed in
utero at close distances to the atomic bombs of
Hiroshima and Nagasaki suggested that the cause
of the higher prevalence was ionizing radiation.
When the relationship of mental retardation to
radiation dose was examined, this conclusion was
strengthened. The risk of mental retardation was
increased at doses as low as 50-99 rad (in Hiroshima),
and became progressively greater with increasing
dose. These findings, in conjunction with those
from animal experiments® and with mental retardation
observed in children prenatally exposed to thera-
peutic maternal pelvic irradiation,?"11 indicate that
radiation can be an etiologic factor in mental
retardation.

In Hiroshima the risk of mental retardation was
significantly increased among children whose
mothers were exposed to doses of more than SOrad,
as compared with a minimum dose-effect at 200rad
in Nagasaki. Similar differences have been found
between the two cities with regard to small head
circumference among those exposed in utero,!2 and
for leukemia and other cancer among those exposed
later in life.13,14 Mental retardation presumably
due to radiation exposure affected 5 of 76 children
in Hiroshima whose mothers were exposed to doses
of 50-199rad as compared with none among 33
persons in Nagasaki.

The quality of radiation released by the atomic
bombs was different in Hiroshima and Nagasaki.
Fission neutrons accounted for more than 20% of the
total radiation (gamma +neutron) in Hiroshima, but
only a negligible percent in Nagasaki.® A possible
explanation for the difference in effects at low
doses in the two cities would therefore be the
greater relative biological effectiveness (RBE) of
neutrons as compared to gamma rays.

Twenty-eight of the 30 mentally retarded subjects
had head circumferences smaller than the mean for
their age and sex. In Hiroshima, the occurrence of
small head circumference (more than 2 standard
deviations below the mean) was significantly
increased though intelligence was normal at doses
as low as 10-19rad in those exposed before the 18th

BEBICH A, BHOTFHEBCARLZERRD S
N o . SR MERCRTEO ORI T ¥ 4 851528, 9,
50 — 99 rad B ¥ £ 151428, 81 & & F 100+ rad BT
2T 9T h 5 1.

% =

TRR B ORBROHGE < TIEABEE L 7 1302 1R i
WA 2w &0 3 LIgio st s, SRS AIERATH 5
TEAERMELA, RN EMEEOBEEMRIL L
ZAH, ORIV FIE{ BN, [RRETIE,
HIFEEM O fEMRIE50 - 99 rad v I EVRETE AL,

SHIBROMMICE-> THAL . BMEBOFER?E
B RURHR A RO BRI SE 20 RS -
TR E T AMEERR S 2 h bt TERET S L, W
LR R B AR B I O BR T AN 95 2 AR
TLOTHS.

&I H VT, 50 rad Ll E@ A% 2 2 RO K
Ch o miE BRI EE ML 2P,
B TI3200 rad L ETHLO T2OHBINAF A S k.
FLE L) SMhmER ARSI IS T3 M &
FUBBHECHPIAAMKBZOMOEIZHES S,
Bt AR B RR I B2 5 5
50 - 199 rad %

5 EBbN MmN, KT
= BEEOMRICH - T HR76 Bl 5
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REOBBARE L RS mEEESE0 2 EBE 5T
WA, RSO EBESHE (Fwirh T ) DB R
SHEOEREsh 2P ETOLED IEE1220% L ETH -
A, BEMTREIAEERTEAHGII T E o/, 8
RS oy 2B IZ4 S hAaM Mo ME L, BiE
FOEWEMNDRLEFT vHEozhE) GuIisizsos

THMTES L LA SV,

RGBS 5 N30 28 A O FEEN L, [RER - 1E
BEOFEE LD hEh ok, RETIE, IEEISELIIC
10— 19 rad @G Vig & 2 3 2 BE, A FER (CFH6E £
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week of gestation. The effect became more
pronounced with increasing dose.l2 Hence it
appears radiation may cause cell depletion of the
developing brain, resulting in mental retardation at

substantial doses, and in reduced head size with

HEGEETH -/~ BEOBNICE -, T £ ORE ITHE
Lo R LEHF-T, HEBEIEETORMIzORE
SEEAELL, 20O, SHEETE R, ERE

possible
at lower doses.

9

10.

2 08
12.

13

T, FNREMER P (HERRRERY) 2 b 253 REED & 5/ H
FUEBITEEDLNS,

(subclinical) lessening of intelligence
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