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SUMMARY

During the 5th Cycle of biennial examinations
conducted at ABCC (1966-68), height and weight
measurements were obtained for approximately 3200
adult residents of Hiroshima and Nagasaki who were
children under age 18 at the time of the atomic bombs
of 1945 (ATB). The individuals in each city were
classified according to sex, age, and estimated
radiation dose.

Analyses of the measurements found adult height to be
significantly lowered among Hiroshima males and
females exposed to high doses (100 +rad) of radiation
when they were aged 0-5 years ATB; however, the
effect of dose declined with increasing age ATB. No
differences were noted among those aged 12-17 ATB.
For Nagasaki, no statistically significant differences
in means for height were noted by A-bomb dose
group, although, for females who were 0-5 years ATB
the highest dose group had the smallest mean heighr.

Weight was also lower for Hiroshima residents
exposed in childhood to high doses. Smaller adult
weights were evident for all ages, not only for those
exposed while very young. No significant differences
were seen in Nagasaki survivors,

Nonradiation physical and psychological stresses
that could affect growth are discussed. Still, it is
concluded that a growth retarding effect of radiation
can be demonstrated for the youngest heavily
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exposed children. Combined with prior observations
at ABCC, a somatic effect due to exposure to high
doses of A-bomb radiation is apparent from conception
through early adolescence. The mechanism (s) for

this is unknown.

INTRODUCTION

Studies by ABCC have shown that somatic effects can
be attributed to radiation exposure from the A-bomb.

For persons in utero ATB, examinations during
adolescencel and again at age 172 revealed both
height and weight to be smaller in those with high
maternal exposure. Growth retardation was more

significantly shown for Hiroshima offspring and was

least apparent, statistically, among boys in Nagasaki.

However, findings for height and weight have been
less uniformly revealing in studies of those exposed
to the A-bombs in childhood. Greulich et al3
compared children from Hiroshima and Nagasaki with
those from neighboring cities in 1947-50, and noted
comparative reduction in growth among Hiroshima
boys. A study4 of 2744 Hiroshima children aged
5-19 in 1951-53 revealed some height and weight
differences possibly attributable to radiation.
Nehemias5 used the daca on these same subjects and
found a negative correlation with twelve anthropo-
morphic measurements and an ‘“‘exposure index.”
Though differences were statistically significant,
Nehemias was hesitant to conclude that small size in
**exposed’’children was attributable solely to A-bomb
radiation. He noted several nonradiation effects
which could have a bearing on growth but for which
data were lacking.

Since a new dosimetry® has become available, called
“T6SD,”  total individual radiation (gamma plus
neutron) dose estimates, in rad,* have been assigned
to over 95% of the ABCC-INIH Adult Health
Study (AHS) population.” This population, of
20,000 members selected from the 1950 A-bomb
Survivors Survey and other censuses, includes
groups with varying A-bomb exposures matched by
age and sex,

Biennial clinical examinations of subjects were
recently analyzed for the first five cycles (1958-68)
of the AHS.8 With the new dose estimates, it was
found that those exposed to 100+rad at ages 0-19
ATBhad smaller mean heights and weights,
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The purpose of the present study is to examine in
greater detail the possible growth retarding effects of
radiation in childhood.
test the hypothesis8 that the youngest among those
exposed might be the most susceptible.

In particular we wished to

METHODS

Height and weight measurements were obtained for
approximately 3200 AHS members who were less than
18 vyears old ATB. Height was recorded to the
nearest centimeter, and

weight to the nearest

0.1 kilogram. The measurements analyzed in the
present study were taken in 1966-68 during the Sth
Cycle of biennial examinations conducted at ABCC.
Individual ages in 1966 ranged from 21 through 38
years corresponding to ages through 17 years ATB.
Hence, the period of maximum growth ( at least for
height) had essentially been completed for the group
the measurements are

under consideration, and

considered adult values,
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TABLE 1 NUMBER OF PERSONS UNDER 18 ATB MEASURED AT 5TH CYCLE EXAMINATION, 1966-68

£ 1 RN 18 EE R o MR R, B 5 IMEARAEE, 1966 — 684F
Age ATB Male % Female ¢
T A RS O 5 NIC 0-9 10-99 100+ Total NIC 0-9 10-99 100+ Total
M e rad it mimneEsR  rad g
Hiroshima |E
0-5 34 40 42 30 146 50 69 59 34 212
6-11 32 38 25 23 118 36 65 40 28 169
12:17 128 249 107 > 89 573 207 281 209 117 814
Total & 194 327 174 142 837 293 415 308 179 1195
Nagasaki &
0.5 31 29 e 30 107 27 36 17 32 112
6-11 14 54 23 21 112 59 62 26 38 185
12-17 L¥i 82 48 118 335 108 153 70 175 206
554 194 251 113 245 803

Total &t 132 165 88 169

The sample study group was subdivided according to
city, sex, and three age ATB levels: (-5 years,
6-11 years, and 12-17 years. Each individual was
classified according to an estimated exposure to
A-bomb radiation.® Four radiation dose groups were
employed: not in city (NIC), 0-9rad, 10-99rad, and
100 or more (1004—} rad. In Nagasaki, because of
small numbers of individuals in the AHS who
received between 10 and 99 rad, this subdivision was
not included in the analysis (its exclusion increased
the power of the Nagasaki analysis by approximately
Table 1 lists the numbers of individuals
in each subdivision of the sample.

one-fourth).
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The data, both height and weight, were described by a
statistical linear model with a normally distributed
error term. The model, for both Hiroshima and
Nagasaki, contained parameters representing sex,
age ATB, and dose differences as well as sex-dose
and age ATB —dose interaction differences (An
interaction between two factors is said to exist if the
differences among levels of one factor are not the
same for each level of the other factor. For
example, the presence of a sex-dose interaction
indicates that differences among the several dose
groupings are different for males and females).

Analysis of Variance techniques were utilized to
determine whether the parameters of the models
associated with dose differences were significantly
different from zero; that is, to see if differences
between the dose groupings did, in fact, exist. The
statistical tests performed were sufficiently powerful
to detect (in the absence of interaction), with at
least 80% probability, actual differences between the
dose groupings of approximartely 1.3 cm in height and
1.9kg in weight for both Hiroshima and Nagasaki.

RESULTS o

Radiation and Height. In Hiroshima it was found that
exposure to high doses of A-bomb radiation resulted
in a marked reduction in mean height for those who
were very young ATB, but its effect diminished with
increasing age (The Analysis of Variance yielded a
highly significant (P<.01) age ATB-dose interaction).
Dose comparisons were made within the age ATB
levels by means of Duncan’s New Multiple Range
Test.? These showed that the average height for
those aged 0-5 ATB was significantly (P<.05) or
highly significantly (P<.01), smaller for the 100+ rad
dose group in comparison with each of the NIC,
0-9rad, and 10-99rad means for both males and
females; over 4.4cm smaller for males and 2.5cm
smaller for females (Table 2). For those aged 6-11
years ATB, smaller height was again found for the
100+ rad dose group, though to a lesser degree. For
those aged 12-17 years ATB no apparent differences
between the four dose groups were in evidence.
Comparisons of the averages of the 100+ group and
the remaining two in-city dose groups combined are

shown in ‘Figure 1.

In a further look at the high dose effect in Hiroshima,
the 100+rad group was divided into 100-249 rad and
250+ rad groups. The means for heights (cm) and
sample sizes for each age ATB level for these two

high dose categories are shown in Table 3.

It can be seen that, for the youngest age group,
those aged (-5 years ATB, the 250+rad mean heights
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TABLE 2 AVERAGE HEIGHTS (cm) AT 5TH CYCLE EXAMINATION, 1966-68, OF THOSE

UNDER AGE 18 ATB, HIROSHIMA
#£2  GREFEMLBELNOEFOTH R (),

5 R,

1966 — 684F, L &S

Age ATB NIC
T 1B I 4 AR TAEE 0-9rad 10-99 100+
Male 5
0-5 166.4%* 166.1%* 165.9%* 161.5
611 162.3 164.2 166.3* 162.2
12-17 164.3 163.6 164.3 163.4
Female %
0-5 153.3* 153.6%* 152.9% 150.4
6-11 152.5 153.6* 153.6* 150.5
1217 152.1 152.3 152.2 151.9

* (P <.05) greater than 100+ average.
100+B - EHE & DK

** (P« (1) greater than 100+ average.

10+ B o EHiE L0 A,

TABLE 3 AVERAGE HEIGHTS (em) AT 5TH CYCLE EXAMINATION, 1966-68,
BY AGE ATB, RAD DOSE, & SEX, HIROSHIMA

£3 FHEE (en), 5 HZ%, 1966 - 684 :

TR AR - rad BRIEEE - RN, BB

Age ATB Male Female 4«
GBS O i 100-249 250+ rad 100249 250+
0-5 Mean  FEE 164.2 159.8 151.8 149.8
Number # 12 18 11 23
6-11 Mean 162.7 161.5 150.4 150.5
Number 13 10 17 11
1217 Mean 163.2 163.5 152.1 151.7
Number 43 46 58 59
were smaller for both males and females.  The bhnd. BECIE, 100- 249 rad BEE OFELFH I FM

difference from the 100-249 rad group was statistically
significant (P<.05) for males. Average heights at
ages G6-11 years for females and 12-17 years ATB
were approximately the same for the two dose groups.

In Nagasaki the effect of dose upon height was not
statistically significant, although the mean height of
Nagasaki females aged 0-5 years ATB was smallest
for those who were exposed to 100 or more rad
(Table 4). The same was not true for males in whom
those exposed to 0-9 rad at age 0-5 years ATB show
the smallest mean height. For both the 6-11 year and
12-17 year groups, however, the mean height for boys
in the high dose exposure group was the smallest.
In fact, for those aged 12-17 years ATB, it was
significantly (P <.05 by Student’s t-test) less than
the low dose group averages.

Age and Height. In both Hiroshima and Nagasaki
there existed a statistically significant age effect on
height. The effect is characterized by a diminution in

CHBETH (P <. L IR 6 -1l o L
HEU12-1TEMNIIE ti'%‘lf-iiail-?isam, mE R e
TIFIERUCETH - 2.

BTk, 100 rad LI LBz s 1T 2B HERE0 -5
BORTFOTEHEEIHLEL - 24, BERIFFECR
LA ENCAERE TR A o (E4) . — A,
B CIEEMIEO0 -5 T 0 -9 rad ICHEBL 2HOT
HEEAREENA A LA L, 6 -1lb L1217
EBRORFTIR, SEEEBHOTHELARLED,
. FE, EBRIBERSIZ-1TEOFETIE, FhidEaE
BOPEHEEY L HE &S5 72 (Student Dt FEE T
P <.05).

EREERE. BB EBEBovTFhiisuntd, £H0
SRIIMT A MBI FNCARTH 2. ZORE
g, ARBICEERLAROERYEVIZERANGEN



FIGURE 1 AVERAGE ADULT HEIGHT AT 5TH CYCLE EXAMINATION, 1966-68,
BY AGE ATB & RAD DOSE, HIROSHIMA
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TABLE 4 AVERAGE HEIGHTS (em) AT 5TH CYCLE EXAMINATION, 1966-68,
BY AGE ATB, RAD DOSE, & SEX, NAGASAKI

K4 THER(n), B5HMBE, 1966 686 FURIGER - rad BB - 1N, B

Age ATB NIC
JGTHERE O ER A 0-9rad 100+
Male #
0-5 166.2 162.2 166.2
6-11 164.0 164.1 162.7
1217 163.2 163.9 161.8
Female #%
0.5 152.8 152.9 150.8
6-11 152.4 151.3 151.5
12-17 151.8 151.6 161.2

adult height with increasing age at childhood
exposure (Table 5). That is, as adults, each mean
height is smaller for successive G-year age groups.

In comparing heights in corresponding age ATB
levels between Hiroshima and Nagasaki, all six of the
comparisons in Table 5 for Hiroshima show average
heights to be as grear or greater than Nagasaki
For males aged 0-5 and females
aged 6-11 the differences were significant (P<.05).

average heights.

BV BB Tth(H5). v4bb, RAMICE
TEPHEREA G EERERECE T EER T 2
IZHESTELS Z2DTHS.

REE & CREIZH 2 FBEER — EEado 4 5%
dgdse, RSIIRLAESDOREIZAGRS LD,
WTNLEROEHEREIEMEFASEL L3 hll
ThoEZLPRHENE. 0-5EOBIrHEU6 11
BHOLFIZHENTIE, 20ZEEETHS - (P <.05 ).



TABLE 5 AVERAGE HEIGHTS (em) BY AGE ATB, SEX, & CITY

#£5  FHLFE (om) o EUHRIEEEE - - AR
Age ATB Male Female
I 1 T e % 3
Hiroshima 15 &
0-5 166.1 153.3
6-11 164.1 153.3
12-17 163.9 152.2
Nagasaki £ I
0-5 164.3 152.9
6-11 164,1 151.8
12-17 163.5 151.7
Radiation and Weight. An Analysis of Variance was e EHRE, HBECOLTLSEONAEITLZ S 2.
also performed for weight, It should be kept in mind BE R L\’H; EOMERIZ, L3200 068 E 1200
thath the height and weigh.t .mF.:asurements were TRBENELOTH 20T, 4L REOFHT M
obtamen.:l f.or the same 3200 }ndlwduals,. and hence PRI TRV s CRETNETHS. WE, SE
the statistical analyses for height and weight are not
independent. In fact, since height and weight are cAE:OMIZBEEQOHBEY S 50T, HEFEDK
positively correlated, if height for a particular sample BoBEFAKEW(FAEAI0)EEE, 20KTEHD
division is large (or small), we might expect weight REEEZV(EREDPRV)ZLAFAMEFEEIRETHS .
for thar sample division to also be large (or small).
TORBICEITAHRENEEOBITEN R oS, asit

In Hiroshima the statistical analysis on weight
measurements uncovered smaller mean weights among
those who had received high doses of A-bomb
radiation (Table 6). No significant age ATB-dose
interaction was found. The effect
suggestive (P<.10). For every age ATB group, for

both males and females,

of dose was

the average weighr was
smallest for those in the high dose (100+rad) group.
Multiple ranking procedures showed, for males, the
100+ mean to be smaller than the mean values for
NIC and 10-99rad (P <.05) groups at age level 0-5

DIFMBSEAZTH TS HDOFHERER L L0 LN
BAS iz (k6. BB EMiEEEOMIZES
BLOTHEEHEIES SRS o 2. BREROBENRES
%1:’; (P<.10 )., wFhoRiFEaHcbsntd, B

LR (10 rad DL E)BHOEOFEEE kL D
ok, EEFEMEIZEAE, BFTIE100 rad Bl E
J?;f’m'f‘]' FHOFEME, FEBEER 0 - SERFCsT,
Tz Ao 72510 -99rad D EOTHE L D&
C(P<.05), 6 —llEHzswTHZ2OlOT~<TO
THELDAEL (P<.01), /4, 1217250

TABLE 6 AVERAGE WEIGHTS (kg) AT 5TH CYCLE EXAMINATION, 1966-68,
BY AGE ATB, RAD DOSE, & SEX, HIROSHIMA

£6 PRI (ke), W0 FMMZE, 1966 —681F: IUMEREN - rad FUER - M0, K&
o Age ATB NIC
IEE I B i P9 AR AL 0-9 rad 10-99 100+
Male 9
05 57.5% 56.2 57.0* 52.7
6-11 57.7%* 71 61.0% 51.8
12-17 58.4%+ 57.3% 56.1 55.0
Female ¥
05 49.6 51.1* 48.8 47.1
6-11 50.1 52.1 50.9 48.6
12-17 51.9* 50.7 51.5* 49.6

* (P <.05) greater than 100+ average.
LO0+EE PN & 0 K.

** (P<.01) greater than 100+ average.

100+ BE P & b A



TABLE 7 AVERAGE WEIGHTS (kg) AT 5TH CYCLE EXAMINATION, 1966-68, BY HIGH RAD DOSE GROUFS,
AGE ATB, & SEX, HIROSHIMA

£7 CPHEG (kg), 55 FMME%E, 1966 - 684F: o rad MR - BIERIEE B - M0, K&
Age ATB Male Female %
JEE L B O 5 100-249 rad 100-249 250 +
05 52.3 47.2 47.0
611 52.7 49.5 47.3
12.17 55.9 49.3 49.8

TABLE 8 AVERAGE WEIGHTS (kg) AT 5TH CYCLE EXAMINATION, 1966-68,
BY AGE ATB, RAD DOSE, & SEX, NAGASAKI

£8  FHEAEE(keg),

95 I INBE, 1966 - 684E: NG F# - rad MUEEE - PR, R

Age ATB NIC
A O i e & 0-9 rad 100+
Male %
0-5 56.3 54.3 56.8
6-11 57.9 56.3 56.2
1217 57.8 58.3 55.3
Female
0-5 88 47.3 46.6
6-11 52.2 49 8 49.9
1217 51.8 48.9 50.0

years, than all the means (P<.01) at age level -11
years, and than the mean values for the NIC (P <.01)
and 0-9 (P<.0S) groups at age level 12-17. For
females, values for the 100+rad group were signifi-
cantly (P<.05) smaller than the (-9 rad mean in the
0-5 yvear age ATB group, and than the NIC and 10-99
means in the 12-17 year age ATB group.

When the 100+ group was subdivided into 100-249 rad
and 250+rad groups, no significant differences
between these two high dose categories were noted.
The average weights for these are shown in Table 7.

In Nagasaki no significant dose effect upon weight
was noted, though mean weights are smallest in the
100+ rad group for females (-5 years, and for males
6-11 years and 12-17 years ATB (Table 8).

DISCUSSION

From measurements of approximately 3200 residents
less than 18 years old ATB in the cities of Hiroshima
and Nagasaki, it was sought to determine whether a
child’s exposure to high doses of A-bomb radiation
in 1945 resulted in either reduced adult height or
weight about two decades later. Of primary concermn
was the hypothesis that the effect of such exposure
upon growth (height) might depend upon the age of the

Tt |'IT:J‘\J’“ VED S EFE(P<.01 ) HE0 -9 rad @
H(P .05 ) LD hawz tA#EH AL &
Fody wo rad Il F @#@ 0k, FIEAREES 0 — 5
Biisotlk, 0-9rad OEOTHE LD AT I
EL(P <05, 24, 12-1T@BcEwTx, BRI
WES S EEFEBE T -99rad OFOFHME L O LA
ICHBLZNE S 1

100 rad L FoO ¥4 2502 100 - 249 vad # X 0¥ 250 rad
Bl ko f’- -':ﬁﬂ -';r LT#% 'c. IhS CoOEmETom

CHBLZEBRRDON G oA, e P kTG
2T IR [ i

el vif, LUBRFIEEO - Slo %6 U6 —115%
BEUTR-1THEORF T3 TPHEELIREL LD -
A, MEBORECINTAEELBBIREBD SRS
R 8 ).

£ =

3+ e Wl o0 (1 12 #3200
WAz 1945 E iz £ 2
e A ST 1 : D I E200E % o R A
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Shrpd LAY, HoERIEDD (0 -5&)Th- 1

] *Hﬁl" e 18‘1&*‘““ —}, FES Fu
E
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child ATB, and, in particular, that those who were
very young (aged 0-3) ATB might be more susceprible
to impaired future growth than those in the adolescent
stage or older. in Hiroshima this
conjecture was confirmed. Hence, for Hiroshima,
retardation due to radiation, as has been
noted in those exposed in utero,? is evident in early

childhood but not beyond.

For heights

somatic

Though no significant dose effects were uncovered by
the analysis of the Nagasaki data, the directions of
differences in heights between exposure groups for
Nagasaki females were consistent with the patterns
found in Hiroshima. For males in Nagasaki this was
For those aged 0-5 ATB, exposed to
high doses, there was no radiation related reduction
in height; but for those aged 12-17 ATB, who were
exposed to 100+rad, smaller stature was found.

not the case.

Just why a radiation effect which is so striking in
Hiroshim# is less evident in Nagasaki, especially
among males, is not clear. It may be important to
judge the differences between the cities in the light
the quality of

of known differences in radiation

incurred. Fission neutrons accounted for a large
percent of the total A-bomb radiation in Hiroshima,
but only a negligible percent in Nagasaki.6-10
Although the dose groups as used in this study show
total radiation in rad, for equivalent doses the
biclogic effects in Hiroshima compared with Nagasaki
could differ by any order of magnitude corresponding
biologic effectiveness (RBE) of
neutrons greater than 1. At ABCC, estimates for
RBE have been made for leukemia, other cancers, and
certain acute radiation effects in order to explain
observed
Nagasaki.

neutrons on growth retardation has been shown, and

to any relative

differences between Hiroshima and
11-13 10 animal studiesl4 an effect of

for equivalent energies, this seemed more pronounced
than X-rays. Neutron growth retarding effects have

been shown to be greater in younger anim als,15

It would be facile to ascribe the observed intercity
differences entirely to simple differences in radiation
components on the basis of the present analysis,
Qther factors may be relevant, including errors in
dose estimation and sampling bias,
Nagasaki.
factors to operate so uniformly for Nagasaki males in

particalarly in
However, it would seem unusual for these
our study and also in the in utero smdies of Burrow
et all and Wood et al.2

The
groups,
entertain the proposal that this observation is expli-

between the
especially in height,

striking differences two city

lead us to tentatively
cable, at least in part, on the basis of the grear

magnitude of the neutron component of radiation
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received in Hiroshima compared with the negligible
neutron count in Nagasaki.

We feel that variations in height and weight found
among the dose groups within each city can reason-
ably be attributed to differing exposures to total
Other factors which may
affect growrth in children could have been present
Among
these are malnourishment, disease, and physical and
as noted by Nehemias.$

atomic radiation itself.

during the wartime and post-bomb periods.

psychological
The comprising the proximally exposed
population (all those in the 100+, 10-99, and many in
the 0-9 groups) also may differ from the more distally

stresses,

residents

located survivors, and especially the NIC group, in
socioeconomic aspects. All these, and other factors,
could have conditioned heavily exposed children to

increased somatic responsiveness to total body
radiation from the A-bombs, or could, themselves,
have affected subsequent growth, Despite these

conjectures it is likely that disruption of normal life
and undernutrition were widespread and probably
affected all in-city comparison groups nearly equally
in the immediate post-bomb period.

-

Selection of adult heights for comparisen between
exposure groups should minimize the problem of
transient interruptions to normal rate of growth.’
That is, those children who
growth affecting traumas from the A-bomb, or at any
other time,

even for sustained
subsequent recovery in rate of growth, if
could be Indeed our
evidence, that the youngest at exposure have become

taller as adults, in comparison with slightly older

they survived, assumed.

children exposed art the same time, suggests this

assumption may be valid,

stature is
the

Since
influences,

primarily a result of
size of the parents would be a

genetic
useful covariate in evaluating adult height of our
subjects.  Parental heights and weights were not
available to us. However, both heights and weights
of subjects aged 20-49 ATB, a range which spans the
generation of parents of our study subjects, showed

no significant variation according to dose,8

The mechanism (s) for the apparent radiation induced
diminished adult stature in those heavily exposed in
early childhood is not clarified by these studies.
The early years are clearly highly susceptible to
growth retardation as they are to radiation carcino-
genesis, 16 For instance, some Marshall Islands
children exposed to external and internal (iodide)
radiation in 1954 were noted to have significant
height.17  Subsequent investigation
showed a high proportion of thyroid dysfunction, and

this is the presumed cause of their short stature,l8

reduction in
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However, fallout from the A-bomb occurred only in BAHIERE P iRE 2 oo &g L, BRI

isolated districts and did not wuniformly affect
survivors.1? No evidence of hormonal dysfunction
has thus far been found in prior ABCC studies.

LU TR—A s 3B LTy w1 fEko ABCC ##E
T, INFTIZARLE S BEEEOBIBEIZEDSNAT

Which growth factor (s) may be modified by A-bomb VAL POl EREA R S R kS TR
radiation exposure is not known. Further exploration NEMETELTL . ZRIZoLnTIE, 44 FBRT
of this is now in progress,20 TN
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