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MENTAL RETARDATION IN CHILDREN EXPOSED IN UTERO TO THE ATOMIC BOMB
HIROSHIMA AND NAGASAKI

L B
HAE

INTRODUCTION

lonizing irradiation to the fetus damages neural tissue in
experimental animals''? and mental retardation and
microcephaly have been reported in children who were
exposed to maternal pelvie irradiation.’** There have
also been several reports of an increased occurrence of
mental retardation in children who were exposed in
utero to the atomic bombs in Hiroshima and Nagasaki in
August 19457 An increased susceptibility of the
fetus to radiation during the first 15 weeks of gestation™ "
and an association between mental retardation and small

head size has been shown.% 1"

These previous studies
were made on samples of between 190-292 subjects at

periods ranging from 5-20 vears after exposure.

A group of 1613 children who were in utero at the time
of the atomiec bombs (ATB) in Hiroshima and Nagasaki
have been studied at ABCC on a long-term basis. This
report evaluates all members of that sample for mental
retardation and correlates retardation with exposure
distance and gestational age ATB. This study includes
99% of all subjects from the previous studies, has the
benefit of larger numbers and additional accumulated
data, and the fact that mental retardation is generally
more easily and more accurately recognized at later
ages. The subjects are now young adults and there is a
growing attrition and dispersion of the sample; therefore,
it is unlikely that any significant additional data will
ever become available to bear on this problem.

METHOD

The study sample and general clinic procedures have
been described elsewhere.!" The sample includes 1613
children who were at all stages of gestation and at
various distances from the hypocenter ATB. In each
city the more distal (3000-4999 i) and not-in-city subjects
are matched by gestational age and sex to the proximal
group (within 2000 m). Near each birthday the subjects

E B o B

Ao ®EICE B
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#
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B JoBh THA W A BERL 8T A5 & RRAS T B & pbi AR o4
e 2.0 BEA THETERE T 0 2 WA I mAR A &
PNIREEARH LN LR ESN TS84 104654
BAMEE - B B ML - THEBLAHC
MR OHELN FRELTUBZ L1200 TE, LW
OGN H B .50 GTIRFE1SE Z TORR IS
AR AT O MREE W & IR R L
AHBEVIZEABHENTLE. 80 2N L0HE
LR S ~ 20 O HIRIZ190 - 292 A o4h & 7 & xR
LTkt Tha,
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BILIAMBTE R,
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Zflie ZAIGIBAORE, G A, HE - REido®
FEdE MR E (3000 -499m) HLUBAIZGED S H
O GRAR AR - PEBIRES & T PEAERE (2000 m 2ii) 12— E



come to ABCC for a history, physical examination,
anthropometric measurements, routine tests on blood,
urine, stool, and any additional procedures indicated.
At some examinations other specific tests including
psychometrics (Koga, Goodenough, Tanaka B) are done.

As a method of screening the population for mental
retardation, subjects meeting the following criteria were
reviewed:

Those examined 1955-64, with one or more suggestive
diagnoses (ICD 300-326 Mental, psychoneurotic, and
personality disorders, including mental retardation:
ICD 752-753 Malformations of the nervous system and
sense organs including hydrocephalus and microcephaly);

Those examined at age 17 years whose head circumfer-
ence was minus 1.75 standard deviations or more from
the mean of the controls (the 5% of subjects with
smallest head circumferences based on ‘normal distri-
bution’ statistical theory);

The 72 Hiroshima in-utero study subjects who were not
examined at ABCC during 1955-64. Of these, 30 had
been examined at some time and 42 had never been
examined at ABCC, but had been vegularly visited by
clinical contactors.

All information including medical charts, contact records,
school and work achievement, and psychometric test
results was used. Occasionally, additional needed infor-
mation was obtained by reexamination of the subject and
interview of the family. Without knowledge of exposure
status, these data were jointly evaluated by three of the

11}
and a

authors using criteria employed in a recent study.’
decision was reached regarding the presence or ahsence
of mental retardation. Mental retardation was diagnosed
only if a subject were unable to perform simple calculations,
to make simple conversation, to care for himself, or if he
was completely unmanageable or had been institution-
alized. All 1613 subjects were screened for mental
retardation by one or more method. The results are
shown in Table L.

The adequacy of the selected diagnoses for identifving
retarded subjects is supported by the fact that all eight
of the retarded subjects found in the head-size screened
subjects (7 Hiroshima and 1 Nagasaki) had one or more
of the selected diagnoses. The screening by diagnosis
did not miss a single retarded subject in the small-
head sample.

For all cases where mental retardation has been established
by clinical evaluation the clinical contactors had also
independently noted the condition in their records. At

S MEBEHLEAOESYHORIZABCC 12880 T,
FIEEREIN, Siktads, SMEIHE, AW MEME, MEe
L URE, ZoFIgBERDLNEEBMBEL & &
ol ZOEPITHEEHRE (HM, Goodenough, [ e
B) alofilthitith-obibha

MEEBM O R 7)) —= v FHiELE LT, kokiIza#y
TAHEETEMmEL .

1955~6G4EE M RMIZHE LT, HMESRH* Rk 2 Kk
OBWA 1oL LT 5 h % ( ICD 300 — 326 44
Wﬁ,ﬁM@£rh;0AV®E“T FNHEE &

. ICD 752 - T3 MR PLUBRESOEF
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1TRE AR TR T, THPH 7% B3 0 FAITHE & 5 1 it
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TABLE 1 RESULTS OF SCREENING FOR MENTAL RETARDATION
F1 HEEBHOZAY ) —= v FO#ER

C Hiroshima [X 5 Nagasaki Sl
ategory -~ —
E5 Reviewed }();llass:iﬁzd Reviewed glassgledd
Bt ORI RatR , SolArce
R SR A 1) £ HHEE HiE ) B
Suggestive diagnosis
MEEEME R T IBWH i 40 19 20 8
Small head circumference
ISTRBH R covissicomissmimomiisiosmsms s st 57 7 14 1
Suggestive diagnosis plus small head circumference
AR & R T 28U & ANTEBEESHR 13 7 4 1
Not examined 1955-64
H R TR (1955~645E) e 72 4 0

least 18 of the 42 subjects who were not examined at
ABCC had entered high schools or universities. For the
three patients never examined and for whom no record
of a home visit was available, subsequent investigation
revealed no evidence of retardation. For the not-examined
cases these alternate indices have therefore been used,
with full confidence, as a means of evaluation.

To determine the statistical significance of observed
differences in the prevalence of mental retardation,
chi-square tests with one degree of freedom were computed
using Yate's correction for small numbers. The resulting
probabilities were halved since the assumption being
tested is that the closer the subjects were to the hypocenter
ATB the higher is the prevalence of retardation.

RESULTS

A total of 30 mentally retarded subjects was found in the
entire in-utero sample, 22/1265 (1.7%) for Hiroshima
and 8/348(2.3 %) for Nagasaki (Table 2). There were 16
retarded subjects among the 1259 children examined at
17 years of age, 11/987 (1.1%) for Hiroshima and
5/272 (1.8%)for Nagasaki. The prevalence of retardation
by city, sex, and distance from hypocenter ATB is
shown in Table 3. In Hiroshima the prevalence of
retardation was significantly higher (0.01>P>0.005) in
the group within 2000m (2.4 %) than in the combined
control(3000-4999 m plus not-in-city) group(0.5%). Subdi-
vision of those within 2000 m showed that the group
within 1500m had significantly (0.05>P>0.025) more
retardation (5.0 %) than did the group between 1500-
1999m (1.0%). The excess of retardation in the
1500-1999m group over that for the combined control
group was not significant, although the same pattern of
differences was seen for each sex.

THo7. ABCC THELEZI LN L2A0 ) b4 %
CELBAR, BEEHILRIRFIZARLTIVEL B
EEZUY, RESHMLZIELTV A2 A3 HIIzo0
TEOHBBEETZ 20, NI L mEEER 3RS
AR, GHRBEET LT 2Rl 23T 5
foriz, FERodMEESEEAELRL - TUAL .

RO EEOBREZIIRINEREY S22 p
RET ARG, AT B Yated B LR A0 TH
HE1O AL 2FMELITR-, HELEYE LT
BARERIL, BB EEREATE T AUEGE O & RIEE I A 1
tRAE2THEAIECILD DT, HOoNHERILYE
s | A

fa R

Py > 7 & Bzl o mEnENE L&
WATEL. Tabb, EETIZI265 AF2A (1.7%),
B TIL348 AR 8A(2.3% ) - 72( 3 2). 17 DEEABCC T
L1250 AT AIEEEM B AL - 2, T4 b
t, RETIEBTAHRIIA(LLY), R TIE272 A 5 A
(1.8% )b -7, E230EBHOBIELEHT, e &
UHBREEBERN AT, BETIE, 2000m Ao B O 5k
SRHEEE (2.4%) 1%, 3000 — 4999 mEE L HAII G
o EDEFHMRE ( 0.5%) FVLBFEIIEL -
72 (0.01>P>0.005 ). 2000m fiifEe KT 2 &,
1500m F RO MALREHE ( 5.0%) 131500 - 199m O
B (1.0%) LV ALBEEIE,» S (0.05>P>0.025).
1500 — 1999 m o) BE 0 R EEE MESH AL 1L S FT At EARF O 2 v &
DHEmuY, FOERERTR AL L LBRE
LEICEmOZEIT e L.



TABLE 2 MENTALLY RETARDED SUBJECTS, IN-UTERO SAMPLE HIROSHIMA AND NAGASAKI

# 2

G s B ORRNERY » 70

[+
b= i

b LN EEE R

MF Number  Source*

Sex

Distance(m)

Gestation(weeks) Remarks
WA BMES  FWHE % (-3 320 CEER IR (M ) il &
Hiroshima 17 i}
2 M 5 3100 21 Other retarded sibling
1.2 F & 1700 17 2 mieRa» 6 2
2 M 5B 1200 10
3 F % 1000 9 Neonatal jaundice #F 4 2 9
1,2 M5 1000 10
3 F % Not-in-city it 7 18
2 F & 3200 33
3 F % 700 12
2 M % 900 1
2 M B 900 21
3 F = 1200 13 Mongoloid 5 4iE
1,2 F % 1100 15
2 M % 1000 12
1,2 M B Not-in-city il 4% 29 Mongoloid A iE
1,2 F # 1400 15 Mongoloid 3 54
2 M % 1500 12
2 F & 1700 22 Japanese B encephalitis in infancy
2 M B Not-in-city iiP3 43 7 12 LR MO B AN %
1,2 M % 1100 24
1,2 F & 900 6
2 M % 1200 11
2 M 5B 1700 13
Nagasaki & ¥
2 F % 4400 3 Prolonged labor, possible birth trauma
FEBE Gy - Gy WY AR5
2 F % 3000 33 _ongenital syphilis : K {EHE#E
2 F & L1o0 27
2 M B 1100 11 Von Recklinghausen's disease
2 M 5 1700 6
1] M B 1000 17
2 I % Notin-city fify T {E 17
2 M B Not-in-city ifity 7T+ 7€ 15
* 1.Small head at time of the 5th diagnosis any time 1955645 3-Not seen at ABCC since

it

A% 0E TR U (2

1=

38 -3

cyele examination: 2-Suspicious clinic
e

2 =1955—6LIEIZ 0

3 =19554F 1) 2ABCC

WLk &,



TABLE 3 PREVALENCE OF MENTAL RETARDATION IN SUBJECTS
EXAMINED AT AGE 17 YEARS

#3

17REIF T A & 207 72 b B3 o R RS HE A

Distance FEM(m ) Hiroshima [5 5 Nagasaki ¥
Male 5 Female % Male % Female %
<1500 Examined 2% # 63 58 13 1T
Retarded #0figi® i % 3 3 2 !
% 4.8 5.2 15.4 5.9
1500-1999 Examined #&# 105 102 30 19
Retarded mEESE & 0 2 0 0
% 0 2.0 0 0
3000-4999 Examined 2 # 177 176 56 48
Retarded SNHEE & 0 1 0 1
% 0 0.6 0 2.1
Not-in-city Examined % # 164 142 45 44
AN AE Retarded #1HEME BfF & 2 0 0 1
% 1.2 0 0 2.3
Total Examined Z## 509 478 144 128
it Retarded &R HEE 5 6 2 3
% 1.0 1.3 1.4 2.3

Of the 278 subjects not examined at age 17 in Hiroshima,
11(4.0%) were mentally retarded. The pattern of
differences between distance categories is the same as
that for examined cases although the percentages of
retarded subjects are generally 2-3 times higher in those
not examined (Table 4),

The prevalence of mental retardation in the entire
Hiroshima in-utero sample (Table 5) was tested in the
same manner as the data in Tables 3 and 4 with the
following results:

EERTIE, ITEORMBEL ZITTO A0 278Ad, 11A,
Thabb, 4.0%BMAEREETH- . HEMES M
OFEEZOHMIZHEEO ZNLERABETH - A, hE
BRIl LEOMBREHEEL MELROLLHO
FoZuw 2 —3EIlEmETHB(#4).

X3P LUVELAORBRLERLEHET, ROORAEERY
PN EROMBEREREL REL T (#5) , KO X
I REREEL:

0-1999 m (3.9%) vs Combined Controls (0.6 %" P<0.005
&f R ig gk g

0-1499 m (7.7%) vs 1500-1999m (1.5%) P<0,005
xf

1500-1999m (1.5%) vs Combined Controls (0.6 %) P<0.15

k) SR miiE

In Nagasaki, due to the small numbers of subjects it was
difficult to establish statistical significance by distance
categories for the prevalence of retardation. The group
within 1500 m had more retardation than the 1500-1999 m
group which in turn had slightly less retardation than the
combined control group, but neither comparison was
significant.

An interesting aspect of the screening procedure for
identifying mentally retarded subjects was the opportunity
afforded to search for etiologic factors which might

result in retardation. This search also was conducted

Bl Ty, fREFEHAALCLOOT, WRSEMHAE CHH
MERZELMET 2200l BEHT2 2 A
BT & o T, 1500m A T @) R G R 3 AR FE 121500 — 1999m
BEL D AU, 1500 — 1999m BEOME X S EEEL Y
bt oELro7 LAL, 2okl ein
LEETH L,

BIIERLTEERAOVZ LR, AMEEHOAL ) —=
ST, MAEMEEZLIZEREMATTE S K
2HFEZ LN ETHE, ZOWAEL, MEEHED



TABLE 4 PREVALENCE OF MENTAL RETARDATION IN SUBJECTS
NOT EXAMINED AT AGE 17 YEARS

#d ITRERFZRE R 20 L0 5 b RE 0 MAGE SHE E

Distance J58(m ) Hiroshima 17 £ Nagasaki [
Male # Female % Male 5 Female %
<1500 Subjects 1t & & 26 22 4 3
Retarded ®ifigiB & 4 3 0 0
% 15.4 13.6 0 0
1500-1999 Subjects X H % 30 29 7 9
Retarded mIfESEH & 2 0 1 0
% 6.7 0 14,3 0
30004999 Subjects %% 44 35 15 13
Retarded ‘nfigi2al & 1 0 0 1
% 2.3 0 0 7.0
Not-in-city Subjects #f ® # 37 55 15 10
i e Retarded #1figE i+ 0 1 1 0
% 0 1.8 6.7 1]
Total Subjects K & #H 137 141 41 35
&1 Retarded  AIHEVEHE & 7 4 2 1
% 5.1 2.8 4.9 2.9

TABLE 5 PREVALENCE OF MENTAL RETARDATION, IN UTERO STUDY SAMPLE
#5  MRPIHRE R - v R o AR B

- : T N R
Distance JSME(m ) Hiroshima [/ agasaki J& W
Male % Female % Male B Female %
<1500 Examined %% 89 80 17 20
Retarded  #17E/% diF % 7 6(3) 2(1) 1
% 7.9 7.5 11.8 5.0
1500-1999 Examined Z## 135 131 37 28
Retarded fnfigi# i & 2 2(1) 1 0
% 1.5 1.5 2.7 0
3000-4999 Examined Z## 221 211 71 61
Retarded HIHEMEHF & 1(1) 1 0 2(2)
% 0.5 0.5 0 3.3
Not-in-city Examined ### 201 197 60 54
N TE Retarded EnfiEdE i & 2(1) 1 1 1
% 1.0 0.5 1.7 1.9
Total Examined Zi#H 646 619 185 163
it Retarded ' fig 28 4 12(2) 10(4) 4(1) 4(2)
% 1.9 1.6 22 2.5

Number in parentheses: Cases with possibly "explained” etiology included in total.
Ao SHORE: GHCIRFES THUL TEI3LELLNAIMLENE,



TABLE 6 POSSIBLE ‘EXPLANATIONS' FOR OBSERVED RETARDATION
# 6 ALOoNZ-HRENOFEROIFHMILEL N300

‘Explanations’ [ B o 3% #A

Sex f£ Distancegfi i m

Hiroshima Neonatal jaundice ¥ % ¥ F*% 1000
5 Mongolism % &4 F & 1200
Mongolism 3 & iE FX 1400
Japanese B encephalitis in infancy LRI H &gk F & 1700
Retarded sibling [B)/a (2 %0 V2 i 55 M3 3100

Mongolism 3 {5iE M5B Not-in-city

AT
Nagasaki Von Recklinhausen's disease M5 1100
Lt Congenital syphilis % T4 i % F#& 3000

Foot delivery, prolonged labor, and possible

birth trauma {5y, FEIESHMR, G4 YL F % 4400

without knowledge of the retarded subject’s exposure
category. Distribution of the nine cases, with a condition
which might in itself be associated with retardation, is
shown in Table 5. In Hiroshima, 6 of the 22 retarded
subjects (27.3%) were considered to have an explanation
for their retardation, and 3 of 8 cases(37.5%)in Nagasaki.
The proportions of such cases were about 25% for those
within 1500 m and the 1500-1999 m subgroups, but nearly
50 % for the combined control group. Possible ‘explanations’
for the ohserved retardation are shown in Table 6.

If the 9 subjects with possible explanations for retardation
are excluded, the remaining 21 cases show the same
pattern of differences in prevalence of mental retardation
(Tables 3-5). The prevalence of ‘unexplained’ mentally
retarded subjects in Hiroshima in the subgroup within
1500 m is twice as high for males as for females.

The evidence for an association between distance and the
prevalence of retardation is strengthened when the data
are examined by month of birth (Table 7 and Figure 1).
Of the 13 retarded subjects in the Hiroshima subgroup
within 1500m, 10 (76.9%) were born in January or
February 1946, whereas only 59 subjects (34.9 %) of the
entire subgroup within 1500m were born in those
months (0.01>P>0.001). In the 1500-1999 m subgroup
there is a suggestion of a similar, but much less marked,
tendency for retarded subjects to be born in these 2
months; while retarded subjects in the combined control
groups have more widely scattered months of birth.

WIRIME 5 2 PR CHr - 7o, MREBA & MM S 2
PELNGCIRESET A 0MowhmE: L5 I1I2RL L.
MR E O ) b, MEEHOFERFEHWNTEL L%
shkold, RBTi2fdem, T4abb, 27.3%,
BfTIE sl 3, ¥4bb, 37.5% Thr. TE
My AT 2 H0H &, 1500m FEEE S L 011500 -
199m BT ZNEFNMNB%TH - 72H, GRbaEERET
BIEEA Y% THA. B oh MR RED
[ eIz EHRE6IZAL .

MESEMORE A HHETEZ LB bNEHE 9B 2B L
oA, TR0 o210 T I AR B oo SRR 2 AT L &
ToF(#£3—5). BT, 1500m RiGH D I B
Eo TEmMTeae, MEEENREOHEL, Branfs
ThH 5.

PR EENE & mESREEE S oML, ZoRBERER
BIITHRETIIIC 2 3 BHMIC A2 (£ TR L U0H1).
EEO1500m O MR E 1B API0A, T4bb
76.9% 1%, 1946501 Bz AE 28 1zEEF N T 03,
1500m FRiHHOPTHELEAZEETN TV Z201E, 34.9%
FTabhBEGAIIT E L 0(0.01> P >0.001). 1500 - 1999m
BT, REESEH#HES L2 20RIZkIN TV 3
BT, SECXrEHTRLCYEMLAEEAL A LN
mEshL, LAL, §HdEEPo GRS B
BRRIES LT,



TABLE 7 PREVALENCE OF MENTAL RETARDATION BY MONTH OF BIRTH

£7  MHER O R HEE
Month of Birth /B
Distance gEE(m) 1945 1946
Aug Sep Oct Nov Dec Jan Feb Mar  Apr-May
8H 9R8 10H 118 12A 1H 2A 3H 4 -5H
Hiroshima [ 5

<1500 Examined ML /A%# 15 19 16 15 21 29 30 17 7

Retarded #figs@i#s 0 0 1 1 3 7 1 0

% 0 0 6.7 4.8 10.3 23.3 5.9 0

1500-1999 Examined ME L& 26 21 19 23 29 50 34 35 29

Retarded IfigdEdf# 0 0 0 0 1 1 1 1 0

% 0 0 0 0 3.4 2.0 2.9 2.9 0

Combined Examined H#L7Z#H 82 80 68 75 91 158 119 89 68

f:mrgls Retarded WfEEi##E 1 1 1 0 1 1 0 0 0

LR % 1.2 1. 1.5 0 1.1 0.6 0 0 0

Nagasaki &4

<1500 Examined L& 6 3 8 9 7 4 11 8 8

Retarded nfgiZE##E 0 0 0 1 0 1 1 0 0

% 0 0 0 11.1 0 25.0 9.1 0 0

1500.1999 Examined ML Z#H 3 3 5 2 8 4 6 2 5

Retarded HIESEHEE 0 0 0 0 0 0 1 0 0

% 0 0 0 0 0 0 16.7 0 0

Combined Examined % L7A#H 14 19 40 22 31 25 30 31 34

f“:;;‘[’l{; Retarded #IfEEM % 0 1 0 0 0 2 0 0 !
LI B % 0 5. 0 0 0 8.0 0 0 2.9

TABLE 8 DEVIATION OF HEAD CIRCUMFERENCE OF MENTALLY RETARDED INDIVIDUALS
FROM THE MEANS FOR THEIR CITY, AGE, AND SEX

#8 HASENEOBEME O - FMh - EREEHE A L o2

Deviation (o) Combined Control Total
I=E <1500 m 1500-1999 m ARt anaRE &t
Larger Fi5k h K 0 0 2(1) 2
Smaller F# L 0/ 16(4) 5(1) 7(4) 28
<0.9 0 0 2 2
1.0-1.9 3(1) 1 2(2) 6
2.0-2.9 1 2 0 3
3.0.3.9 2 0 2(1) 4
4.0-4.9 2 1(1) 0 3
5.0-5.9 3(2) 0 0 3
6.0-6.9 1 0 0 1
7.07.9 2(1) 0 1(1) 3
8.0-8.9 0 ] 0 0
9.0-9.9 2 1 0 3
10,0 + 0 0 0 0

Mean Deviation -4.9em —3.3cem —l.4cm —3.6em

Number in parentheses: Cases with possibly ‘explained’ etiology included in total.
o ZHOEFE: FHTRERY "THRW, TEACEILNAHLENL



FIGURE 1 OBSERVED AND EXPECTED MENTALLY RETARDED SUBJECTS
BY MONTH OF BIRTH
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HegolLHMEsrEstiicts

Retarded subjects in the subgroups within 1500 m had a
median gestation of 12 completed weeks ATB, a mean
gestation of 13 weeks and range of 6 to 27 weeks(Figure 2)
Fewer retarded subjects are in the 1500-1999 m category
but the similarity of the distribution by weeks of gestation
to those within 1500 m is apparent (range 6-22 weeks,
median 13 weeks, mean 14 weeks). For the combined
controls, retarded subjects were broadly distributed with
regards weeks of gestation ATB.

Nearly all of the mentally retarded subjects have smaller-
than- average head circumferences (Table 8). These
data are based on many different ages at examination
and preclude showing the mean and standard deviations
of head circumference for all ages and each city-sex
category. Of the 30 retarded subjects, 26 had a head
circumference of minus 1em or more from the mean for
their age and sex and 50% were minus 3cm or more
(1.5 em is approximately 15D). Of the mentally retarded
subjects within 1500 m, 75% had a head circumference
of 3cm or more below the mean. However, the general
reduction in head circumference among the subjects
within 1500 m described in an earlier report was usually
not associated with mental retardation."’ Of the 71
subjects selected for detailed study because of small
head size only 8 were retarded.

1500 m A GGHEELT £ (7 B RIBEE A o UL AR AR 1) 1) 1L,
d i CE 12, PRI EEM T, 2 ORiFILE 6 M
AL T T A S (K 2). 1500 —1999m BT, EIAE
B SO D A oAt REAR ST 55 T 121500 m S TE
WL THY, R TdHE1zn, FHEiofes, 20
FIPH S 630 — g2 Td -, o, SPGB T, mfe
i f‘c’rflﬁfﬂ’; TRREE SR B O o7 T TR L

MBI EOITE LA Y EANTHAI T LD a v (F8).
CHOOHEMERL  ZBEBHTH - ZNECET LD
T, HEOVYE L UHEREL £ENHT L UEET -
PR SR T 2 EAFTE RO, AR H30M &, 260
OFEFEE USRS - EMNTHE LY ekl L&,
PR Sembl kA E Ao 2 (1.5 emdY 1 FE HEAR 25 (24
L35 ). 1500 m =il o 501 HE SR & 17 b, 75% 13 TRE A
B0 3embl LA Ero 0 REL, Lo@EEIC
A& AT W 51500 mR G BE O —AYAEY A FEER L2, 3E
IIEHBERH EMEF G o 2010 NEHOMR TN L
REOGRIZLATIAO S 5, MEEREHEIHT L8 A
Tholz.



FIGURE 2 MENTALLY RETARDED SUBJECTS BY WEEKS OF GESTATION ATB
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If only those 21 subjects without ‘explanation’ for their
retardation are considered, the trends demonstrated by
month of birth, weeks of gestation ATB, and head
circumference, are the same as those presented for the
total group of 30 mentally retarded subjects.

DISCUSSION

The prevalence of mental retardation in subjects exposed
in utero within 1500 m is higher by fivefold than in the
more distally located subjects. The pattern of differences
is the same whether for the entire sample, for subjects
examined at age 17 years, or for subjects not examined
at age 17 years. A higher prevalence of mental retardation
in subjects not examined at age 17 years might be
expected. To bring a 17-year-old retarded subject to the
clinic often poses real problems for the parents and
many of the retarded are by that age confined to insti-
In addition, there is a higher mortality rate

among mentally retarded children.'” The association

tutions.

between exposure and retardation is strengthened by the
fact that after exelusion of all subjects with known possible
causes for mental retardation the relationship to proximal
exposure to the atomic bombs is still positive.
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Mental retardation in a subsample of the Hiroshima
children was reported in 1956 and a reevaluation of
those subjects in 1965 has generally supported the earlier
findings.® "' However, the mental evaluation of 1956
and 1965 differed for several subjects, primarily because
a later estimate of mental status is likely to be more
accurate. These discrepancies in Hiroshima are discussed
in a previous report.!’ A study in Nagasaki in 1958.60
identified nine mentally retarded children,” all of whom
are members of the present study sample. Two of the
boys previously reported as retarded are currently
employed in occupations requiring a normal level of
intelligence. A retarded female in the current Nagasaki
sample was not in the previous study.

Most of the retarded subjects within 1500 m were at 6-15
weeks gestation ATB and were born in January or
February 1946. This correlates closely with the time of
brain differentiation and the development of the cerebral
cortex, presumably a time of increased neural radio-
sensitivit_y.lz However, mental defects from an insult
later in fetal life can occur since highly radiosensitive
neuroblasts are present from about 4 weeks of gestation
until after birth.'"™ ' It is quite possible that other
limitations on optimal mental achievement may exist in
the study group but were not detected by the criteria
for mental retardation.

To define the mechanism by which these children became
mentally retarded is impossible. After excluding cases
with disease states which might explain the retardation
the significant relationship between mental retardation
and proximal exposure to the atomic bombs still remains.
There is no assurance, however, that some of the
‘explanations’ might not be related to exposurve. It is
noteworthy that in the control groups about 50% had
possible ‘explanations’ for their mental retardation while
only 256 % of the proximal cases were so ‘explained. ™ The
correlation between distance from the hypocenter and
prevalence of mental retardation indicates exposure to
the atomic bombs as the major etiological factor. The
possible contribution of maternal influences secondary to
trauma, blast, fire, or disease cannot be disproved, but
such devastation was also experienced far beyvond 1500 m,
whereas the range of significantly high levels of radiation
was much more restricted.”*"'” It is conceivable that
after proximal irradiation some mothers may have had
radiation-indueed blood dyscrasias resulting in increased
susceptibility to infections and subsequent fetal damage.
This explanation seems rather unlikely and histories of
such instances of infection are lacking. It is most likely
that the excess of retarded subjects within 1500 m
resulted from direct cellular damage by radiation to the
neural tissue of the fetus. This concept is supported by
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previous studies in experimental animals'®'!” and other

reports of retarded children following in utero irradiation.®*

The consistency of the increased prevalence of mental
retardation in the 1500-1999m group in Hiroshima
compared with the combined control group is of interest.
A lower order of effect may in fact exist although tests
of significance fail to confirm it. This suspicion is
supported by the mentally retarded subjects in the
1500-1999m group having a similar distribution by month
of birth, weeks of gestation ATB, and head circumference,
as for the subjects within 1500 m, and dissimilar to the
distribution for the combined control group. Considering
the radiosensitivity of the neuroblast, this excess may
well be the result of irradiation but could also represent
the effect of other complicating factors such as blast,
fire, disease or poor nutrition.

Of the 30 retarded subjects 28 had a head circumference
below the mean for their age and sex. Mentally retarded
subjects in the group within 1500 m had the smallest
head circumference but the general reduction in head
size for that group was not usually associated with
retardation. Indeed, several subjects with head cir-
cumference —3SD are mentally normal; one is a university
student. The relationship between mental retardation
and small head size is not clear, except that retarded
subjects generally have smaller than average heads, but
mental retardation is not always found in those with
small heads. The causative factors involved in the
development of small heads and those leading to mental
to some degree,
General head size limitation is observed for all stages of
gestation for those within 1500 m."" while 6-15 weeks
gestation ATB proved to be the most sensitive time for

retardation may be, independent.

the development of mental retardation, suggesting a
differential radiosensitivity for calvarium and brain.

SUMMARY

Subjects who were exposed in utero to the atomic bombs
in Hiroshima and Nagasaki, along with suitable controls,
are examined annually at ABCC. Of the 1613 subjects
in the study sample, 30 have gross mental retardation.
Within 1500 m from the hypocenter the prevalence of
mental retardation is 5 times as high as for the more
distal subjects, and 6-15 weeks gestation was the most
sensitive period. subjects with possible
‘explanations’ for their retardation are excluded the
pattern of differences remains the same. All but two of
the retarded subjects had a smaller than average head
and for those who were within 1500m this effect

Even when

is accentuated.
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