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SUMMARY

Children who were exposed in utero to the atomic
bombs in Hiroshima and Nagasaki were studied for
radiation effects on head circumference and height.
Although head size and height were decreased at
ages 10 and 17 in those whose mothers received
100 rad or more the absolute growth and growth rate
from age 10 to age 17 showed no evidence of any
differences related to radiation among those exposed
within 2000 m. Decreased head circumference as a
radiation effect was most prominent among those who
were in the first trimester of gestation at the time
of the bombs.

INTRODUCTION

There have been many studies by ABCC on the
effects of radiation exposure on those who were in
utero at the time of the A-bombs (ATB).l1"13 The
findings thus far have shown an increased prevalence
of mental retardation and microcephaly and decreased
body size in children exposed to moderately large
doses while in the first trimester.

These studies, at ages 13, 14, 15, and 17, have
demonstrated that the heavily irradiated first
trimester children had smaller head sizes, However,
there has not yet been an assessment of growth
during that period based on measurements of the same
children at two points of time.
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This study is concerned with the growth and devel-
opment of the in utero exposed as measured by head
circumference and height. Specifically, the purpose
is to determine: if head circumference and height
were decreased at age 10 as a consequence of
radiation exposure; if there is any evidence of a
radiation effect on the growth and development
process between ages 10 to 17; and if there is an
increased sensitivity to radiation in the first trimes-
ter of gestation for decreased head circumference or
height.

MATERIALS AND METHODS

A fixed sample of 1608 Hiroshima and Nagasaki
children, exposed in utero, was constructed over a
period of years. Annual examinations, near each
birthday, were scheduled from ages 9 to 19. Detailed
information on selection of the sample and the
examinations is available elsewhere, 4,10

For this report it suffices to note that the sample
includes three groups: a proximal group (consisting
of those whose mothers were within 2000 m of the
hypocenter ATB) and two comparison groups (one
consisting of those located between 3000-5000 m,
and the other of those who were not-in-city) each
matched for gestational age and sex to the proximal
group., At the annual examinations various anthro-
pometric measurements including head circumference
and height were recorded. Unfortunately, in some
instances there were errors in the distance estimates
and a few of the originally chosen proximal group
cases were later found to be more than 2000 m
distant and similarly there were a few cases within
3000 m in the distal group. For this analysis these
cases were considered part of the over 3000 m distal
group. Since the analysis is primarily of those
within 2000 m and uses the T65 dose estimatesld as
the index of exposure, small original errors in
distance information do not affect the results. Also
it should be noted that the sample was not completely
selected until some children were 14 and in addition,
there are missed examinations and missing observa-
tions as commonly occurs in such studies. Thus,
there are relatively few subjects for whom complete
records are available, even for head circumference
and height.

Data on this sample are used here with the analysis
essentially restricted to comparisons for the proxi-
mally exposed between high and low dose groups,
based on the estimated TG5D radiation doseld of the
mother. It has not yet been possible to establish
estimates of doses to the fetuses themselves, but
it is believed that fetal doses were 50%-70% of
maternal doses.l?
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The data for the distal and not-in-city groups are
given, but differences have not been formally tested
for significance. QOne reason for this is that, since
it may be surmised that economic deprivation with
consequent malnutrition was especially prevalent
among those whose homes were near the hypocenters,
there is reason to question the appropriateness as a
comparison group of a set of persons not-in-city
ATB, or at distances where physical destruction was
much less than within 2000 m. We prefer, therefore,
even at the cost of a reduced sample size, to restrict
our attention primarily to children within 2000 m.

The analysis is divided into three parts; a comparison
of mearr values for the measurements at age 10 and
at age 17 for high dose (100 or more rad T65D) and
dose (under 100 rad) groups. Average doses are
approximately 227 rad in the high dose group and
26 rad in the low; a comparison of gquantitative
measures of the growth and development process
from ages 10 to 17; and a comparison of the relation
between radiation and decreased head circumference
and decreased height for those who were in the
first trimester of gestation ATB and for those in the
second and third trimesters ATB.

the absolute
growth from 10 to 17 for those with measurements
at both age 10 and age 17; the maximum rate of

The quantitative measures used are:

growth, and the age at which this occurred for those
with measurements at 10 and 17 and who did not
miss two successive Iintermediate measurements.
In this way, the maximum growth rate is based on
the difference in measurements divided
by difference in age) calculated at least every
2 years. The midpoint of an interval is the age
associated with the average growth rate for that

rates (i.e.,

interval.

From tables of average height from ages ¢ to 22
for Japanese school children born in 1935 and for
those bom in 1948 the maximum growth rate is
estimated to occur between ages 11 and 16 for
males and between ages 10 and 13 for females.16
Thus, the 10 to 17 period should include the time
of maximum growth rates for the in utero children.

RESULTS

Comparison of Means at Age 10 and Age 17. The
number of cases, means, and standard deviations
at age 10 and age 17 are given for the high dose
and low dose groups of the proximally exposed
in Table 1. In addition, the differences in the
means between the high and low dose groups are
also shown. Note that there is no evidence that
at age 17 the decrease in head circumference or
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TABLE 1 NUMBER, MEAN, STANDARD DEVIATION, & DIFFERENCE IN MEANS FOR HIGH DOSE AND
LOW DOSE SUBGROUPS WITHIN 2000 m

D B R, P, BRI b L UCE B

F 1l 2000m A o #HEH O 0 A EE & T

— Age FH —
City Sex T65D 10 17
iti 1 rad Mean D e Dit.
No T Ey SD  E#fi®  No. e SD ey
BB A cm PEdfiE%E  em R cm R TE —
Head Circumference §f[#

Hiroshima Male 100+ 15 49.7 1.58 16 53.9 1.82
I % <100 99 50.9 1.77 & 147 54.7 1.72 -

Female 100+ 13 50.4 1.84 16 53.3 2L
i <100 82 50.3 1.51 & 133 53.7 1.77 i

Nagasaki Male 100+ 13 48.8 2.32 9 52.6 2.10
e g % <100 37 51.3 1.41 =4 30 54,9 1.66 s

Female 100+ 14 50.4 2.54 _ 1 53.6 1.00
& <100 29 51.0 1.34 el 22 54.5 1.23 &

Height 4 &

Hiroshima Male 100+ 14 123.7 5.36 16 162.3 5.81
BB B <100 99 127.8 5.04 a 147 164.6 7.06 e:a

Female 100+ 13 127.8 6.15 16 151.9 6.93
& <100 85 126.9 s 00 134 153.1 5.33 4

Nagasaki Male 100+ 13 122.5 7.85 10 158.7 7.56
Fe By % <100 37 126.6 8.22 i 30 162.7 8.10 1

Female 100+ 14 124.1 6.42 11 150.9 5.72
3 <100 29 128.1 %0 22 154.2 4.93 %

height for the high dose group relative to the low
dose group is greater than it is at age 10. Indeed
in five of the eight comparisons the age 10 decrease
is larger. Moreover, at age 10 three of the differences
are statistically significant (head circumference in
both Hiroshima and Nagasaki males and height in
Hiroshima males) but at age 17 only the difference in
head circumference in Nagasaki males is significant.

Thus, it appears clear that the radiation effect
present at age 17 was already present at age 10.
An examination of the age 9 measurements gives much
the same results although in some city-sex subgroups
the numbers are much smaller than at age 10. Hence,
it seems that the radiation effect was present before
the first examination was scheduled.

Growth and Development from Age 10 to Age 17.
In comparing the absolute growth from age 10 to age
17 only those children with measurements at both
ages were used. This resulted in a decrease of
approximately 20% from the sample size at age 10;
this reduction in sample size was the same for the
high dose and low dose groups and for both cities
and sexes.
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TABLE 2 ABSOLUTE GROWTH FROM AGE 10 TO 17 FOR THOSE WITH MEASUREMENTS AT BOTH AGES

F2 2 10aEE L ATEEE I E L 2 7o s BT o i ok 48
Measurement il
Sel" Dmf’“?e Tri?iD Head Circumference i [# i Height & &
# i No. Mn. Growth SD Na. Mn. Growth
. HEHY e E em BHEEZE HEHRH BHEEem
Hiroshima & 5
Male <2000 m 100+ 11 3.8 .71 10 36.1 2.73
% <2000 <100 85 3.5 .70 85 37.0 3.26
3000+ 65 3.5 .59 66 37.0 2.61
NIC M AAE 140 3.7 s 139 38.0 3.18
Female <2000 100+ 13 3.3 .69 13 24.9 4.09
w <2000 <100 65 3.3 81 68 25.5 3.95
3000+ 51 3.3 .62 52 26.6 3.73
NIC HINA 124 3.4 .76 126 26.3 4.18
Nagasaki £ #s
Male <2000 100+ 9 3.7 1.14 1 36.8 3.29
A <2000 <100 29 3.7 54 29 36.5 2.58
3000+ a0 3.5 .56 51 35.7 3.61
NIC iHNA & 45 3.6 57 45 37.0 2.99
Female <2000 100+ 11 3.7 .56 141 27.8 3.34
k <2000 <100 22 3.5 45 22 26.1 3.93
3000+ 34 3.4 .62 35 26.2 3.96
NIC ilith 45 /¢ 41 3.4 .60 41 26.3 4.13
In Table 2 absolute growth wvalues are given for £ 2122000 m Fif O AREE, EIHHRE, H& T
both dose groups within 2000 m and for the distal and AT ERFCET 2SR ERZ AT, Zh oo,
notrln?cny groups. These show no e.vidence of any A T M S OB s AEEE 22 ED
radiation effect for growth of head circumference or S et s =t 1) vl
BT R IF - 15 F B X -
height between these ages. The only consistent RECHEERIELLEVIENPERHEN L. @
pattern, for both head circumference and height, is LA L HEACEEI I VWTHR FED L TFOREE
that the females grew less than the males. HENhEndics s
In studying the rate of growth the sample was

further restricted to children who had been examined
biennially but again there was no evidence that the
number of subjects dropped varied by dose class or
sex, although there was a difference by city.
Hiroshima had a much lower proportion acceptable
than did Nagasaki, and in particular at ages 13 and
14 almost no head circumferences were

in Hiroshima.

recorded

The maximum growth rates and the ages at which
they occurred are given in Table 3 for both dose
groups within 2000 m and for the discal and not-in-
These show any

In a few instances the maximum

city groups. no evidence of
radiation effect,
rates occurred at more than one age. [n such cases

the youngest age was used (supplementary analysis
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TABLE 3 MAXIMUM RATE OF GROWTH FROM AGE 10 TO 17 & AGE OF MAXIMUM RATE BASED ON MEASUREMENTS
AT LEAST EVERY OTHER EXAM FROM AGE 10 TO 17

#3 10BEHLSITERET TORARESRS, WELSITEZTOMIZDL LY
1HEHEEICMTEL TRAREESIZD 5N ER

Measurement #ll &

Sex  Distance T65D = e
4 95 it sl Head Circum[erencg BE A Height & & .
No. pxmam SD af 08D No gilge SD gp SD
MEEH cmmo  EMREE mo  BERZE HREH  cmmo RERE mo [ ACE
Hiroshima 55
Male <2000 m 1004 0 9 .T43 109 163 17.1
% <2000 <100 0 79 .809 142 163 14.8
3000+ 0 49 793 124 165 16.8
NIC i AfE 0 117 814 .130 166 15.9
Female <2000 100+ 0 10 629 097 140 223
S <2000 <100 0 48 644 .120 137 12.4
3000+ 0 40 673 L1486 142 15.8
NIC iR 0 92 .657 .110 139 14.6
Nagasaki H#
Male <2000 100+ 9 08T .033 179 16.9 10 (B86 316 162 17.0
% <2000 <100 29 106 042 172 16.7 29 LB03 147 166 12.0
3000+ - 48 094 .03z § 172 3ty 49 .T98 L1145 164 14.6
NIC HATE 44 097 024 174 16.3 44 .B16 104 165 12.2
Female <2000 100+ 11 116 041 148 15.6 11 630 181 148 14.9
E:S <2000 <100 21 094 022 144 16.2 21 .681 .085 137 8.4
3000+ - 34 099 .032 150 18.9 34 .659 10 138 13.5
NIC WA TE B 099 026 147 15:4; 36 645 107 140 14.3

showed that this choice had negligible effects on the
results),  Again, the only consistent pattern in
these results is a sex difference. The females had
a lower maximum growth rate for height and the
maximum rates for both head circumference and
height occurred at about 11.5 to 12 years of age,
while maximum rates for the males occurred at about
13,5 to 14.5 years of age. These ages are consistent
with the estimates of age for maximum growth cited
earlier.

Comparison Groups. The same calculations were
performed for the comparison groups; the number,
means, and standard deviations are given for these
measurements at age 10 and age 17 in Table 4. As
shown in Tables 2 and 3, the absolute growth,
the maximum growth rates and the ages were, in
general, consistent with those found for the proximal
group.  Thus, again no evidence of a radiation
effect was seen in the growth and development
process from ages 10 to 17.

Trimester of Gestation. The number, means, standard
deviations, and differences in means at age 10
between the high and low dose groups are given
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TABLE 4 NUMBER, MEAN, & STANDARD DEVIATION FOR THE DISTAL GROUPS AT AGE 10 AND 17

#A4 10k E 1T IZ BT A LB O RE H, FHE, fREEE
Distal A i
City Sex g;souap il
10
i e He B . “17
ean ~ ¥ean
e PSP L piE 5D
EOR R em 5 I 2 RIR o cm BEdEEE
Head Circumference H

Hiroshima  Male 3000+ 74 51.3 1.21 177 55.0 1.39
5 5 # NIC AT 166 51.4 1.26 162 55.2 1.38
Female 3000+ 60 50.7 1.23 78 54.1 1.36

% NIC T 164 50.7 1.32 137 54.1 1.54

Nagasaki Male 3000+ 64 51.4 1.40 57 54.9 1.52
£ Uiy H NIC #iIN A # 58 51.7 1.24 46 55.4 1.16
Female 3000+ 49 51.0 1.30 50 54.4 1.37

& NIC HRARE 52 51.1 1.29 43 54.5 1.38

Height & &

Hiroshima  Male 3000+ 75 127.4 5.57 177 165.3 6.05
Tk & % NIC # P 165 127.5 4798 163 165.7 5.68
Female 3000+ 62 127.3 4.91 182 154.0 5.06

4« NIC HiN T 164 127.9 5.37 141 153.8 5.16

Nagasaki Male 3000+ 64 126.3 5.05 58 163.1 6.92
o3 % NIC N T 58 129.1 4.99 16 166.6 4,92
Female 3000+ 49 126.3 5.40 51 153.7 5.18

k NIC #HH Tt 52 126.5 5.76 43 152.8 5.18

Note that here the
high dose group is taken as those whose dose was
50 rad or more and the low dose group as those less
than 50 rad (the average dose of the 50 rad or more
group is approximately 152 rad and for the under

in Table 5, by trimester groups.

50 rad group approximately 16 rad). This_ was
done because there were too few first trimester
children for analysis who had doses estimated

at 100 rad or more.

The most interesting feature of this table is thar the
first trimester “*high dose — low dose’’ differences
are consistently (seven out of eight comparisons)
larger than the second and third trimester.
Moreover, only for the Hiroshima males is the
difference between the high and low dose values

for

more than 0.4 cm for the second and third trimester
cases. However, if the high dose means for the
trimester the

only for head circum-

first

are compared with those for

second and third trimester,
ference are the first trimester means consistently

smaller than the second and third trime ster means.

Thus, it is plain that decreased head circumference
as a consequence of radiation is especially promi-
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TABLE 5 NUMBER, MEAN, STANDARD DEVIATION AND DIFFERENCE IN MEANS BY TRIMESTER CLASSES
FOR HIGH DOSE AND LOW DOSE SUBGROUPS WITHIN 2000 m AT AGE 10

#5 10O 2000m RO SHEEE S ERERBEOLE 3 » HMH O 24 &,
T, fERERE & L OUF i
City Sex TE5D Trimester #Fik 3 7 A
1 2&3
ifi i3 rad
m Mean Diff. I Mecan sp Diif.
! 2t = i 2 5 T+ H i I i 2
seEn Tl mame TEEE sy THR ppge TOME
Head Circumference il
Hiroshima Male 50+ 9 48.6 3.18 o1 50.0 1,31
oy % = . 2.1 i i 1.4
A -50 19 50.8 1.43 59 51.4 1.43
Female 50+ 3 47.8 2.06 i 21 50.4 1.81 0.5
% <50 16 49.7 1.36 ' 55 50.6 1.30 ;
Nagasaki Male 50+ 10 49.3 1.42 2.0 12 50.8 3.09
i % <50 11 51.3 1.52 i 17 51.0 1.25 b:d
Female 50+ 6 50.8 1.10 18 54,2 1.113
I i 1.2 1.0
=< <50 6 52.0 0.97 13 55.2 1.15
Height & &
Hiroshima  Male 50+ L 127.7 7.53 7 26 125.5 5.30 20
I B % <50 18 129.4 3.50 e 60 127.4 5.10 '
Female 50+ 3 124.0 3.00 0.8 22 129.0 5.98 3
& <50 17 124.8 5.19 f 56 127.1 5.96 _1'
Magasaki Male 50+ 10 125.1 6.56 12 125.4 8.68
i L 26 : ks =H-
= <50 11 126.4 5.63 17 125.3 10.04
Female 50+ 6 128.2 6.15 18 125.5 7.61
i 3.2 : 0.4
<50 6 131.3 3:72 13 125.9 4.80
nent in the first trimester children. However, 5. LALEAoBEHOBECILIIESREOM DO K
whether the effect of radiation on standing height T y # ik ; = Mo
is largely confined to those children irradiated FHELERS »AMIOEHENSET5 I LR bO
in the first trimester scems questionable on the BEZRELLAD LTS,

basis of the available evidence.

Further examination of absolute growth and races
of growth by trimester revealed no evidence of a
trimester effect on growth and development from

ages 10 to 17.

DISCUSSION

It has been evident for many years,
Miller’s original report!2 that the human
especially in the first trimester, is severely affected
by a large radiation insult, and that the deleterious
effects of such an insult can be seen in terms of
diminished height,

head circumference,
by mental retardation,
severity. These effects have been noted to be
observable at various ages from 10 to 17. Qur
review of the measurement data from ages 10 to

following
fetus,

and more especially diminished
not infrequently accompanied

sometimes of considerable
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17 has had the objective of determing whether
the growth process itself between those ages
also showed evidence of a radiation effect. The
answer appears to be that it did not: The children
who received large radiation doses as feruses were
small, and had small heads, at age 10 and were
similarly disadvantaged at age 17, bur during this
7 year period their growth seemed about average.
The amount by which they grew was about the same
as that of those who received only small radiation
doses, and the ages at which the peak growth rates
occurred were essentially the same.

The radiation effect thus expressed itself very early
in the lives of these children and there was no
subsequent recovery. Equally, there was no apparent
worsening of growth patterns after age 10. The
fact that the effect of radiation had already been
expressed by the age of puberty must have imporrant
implications for any theory designed to explain the
mechanism by which the effect is produced. From
this point of view, it is, indeed, regrettable that
systematic measurements on these children were
not made until they were 10 years old.

It is of interest thac radiation effects on subsequent
head size seem to be concentrated among those
exposed during the first trimester, in contrast to
effects on stature which seem to be present in
children of all trimesters. Although we have no
information about mechanisms, it seems reasonable
to believe that two different targets of the radiation
may be involved, perhaps the developing brain
tissue itself in one instance, and some other,
more general growth-regulating system in the other.
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