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STUDY OF ADOLESCENTS EXPOSED IN UTERO
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CLINICAL AND LABORATORY DATA 1958-59 NAGASAK
REPORT 2 GROWTH AND DEVELOPMENT

PELESVICERAKREY? 5B LER198-59F RIG
F2H REBLIURTE

INTRODUCTION

Because of the known sensitivity of fetal tissues to ionizing

¥ ¥ |-
radiation,

children who were exposed in utero to the
atomic bomb in Nagasaki and Hiroshima and appropriate
comparison groups are under study at the Atomic Bomb
Casualty Commission (ABCC).

children have shown an increased incidence of micro-

Earlier studies of these

cephaly and mental retardation among those close to the
R

hypocenter. ;

When these children entered adolescence, an intensive
study was initiated to detect differences that might become
apparent during the stress of puberty. In a report of the
general aspects of the study,'® for ages 13 and 14, the
increased incidence of mental retardation in the group
closest to the hypocenter has confirmed earlier studies.
Females, who as fetuses in the first trimester of gestation
had received higher doses of radiation judging by the
presence or absence of the acute radiation syndrome in the
mother, were found to have slightly decreased visual
acuity when compared to those who received lower doses.
No cases of leukemia or cancer were found. Serum
butanol extractable iodine determinations were done on a
subsample of this gruup]J to assess their thyroid function,
but no significant differences between comparison groups
were apparent.

The present report deals with anthropometric measure-
ments and developmental data in 286 children, all of whom
were in utero at the time of the atomic bombing (ATB} in
Nagasaki, Japan. Results in three comparison groups
were analysed according to age at examination, sex,
trimester of pregnancy ATB, tentative maternal radiation
dose," distance from the hypocenter, and the presence or
absence of the acute radiation syndrome in the mother. '®
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MATERIALS AND METHODS

The methods of the study have been presented in detail
elsewhere.'” The sample of 286 children included three

comparison groups:

Group 1 100 whose mothers were within 2000 m from the
hypocenter ATB (53 males, 47 females).

Group 1T 99 whose mothers were between 3000-4999 m
(53 males, 46 females).

Group III 87 whose mothers came into the city after

the bombing (13 males, 44 females).

Groups II and III were matched to Group 1 according to

sex, trimester of gestation ATB, and sociceconomic
status, the latter evaluated from observation of the home

environment and from hiographical information.

Tentative dose (T57D) estimates of the amount of
radiation received by the mothers of the children in
Group I ranged from 0 to 459 rad and all except Six
mothers received an estimated dose of at least 10 rad'®

(Table 1).

BHRELUAE

HAE N EEMOBE FCFEL
DRFIL, KO3 OO EER 5.

% & 286 ¥

B BEAAHEEISELDHE A S200mEBiIznld D

100%(H534, &47T4).

BOH BEA3000-4999m iz 8 9% (HB534%,
A E ).

BN BEASBEBEANICEAL-ZEOETE (B43%,
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RS D IR Ml & & O L & - SIRIRIERNIE,

UBENMHEEE [ HEMNEEE-.

EEREI OB L ERER LS

fha - FBIRIKEE, T

- TREfM L 7.

BIHOLMREFZ I A EHEmBR(TS7D )0 &
20 -459 rad TH-T, 6 HOBHEHAKBRC 2RIV L

{Eyl0rad MBREZTFAY (£1).

TABLE 1 MEAN ESTIMATED RADIATION DOSE (T57D) FOR GROUP I CHILDREN EXAMINED AT AGE 14
BY SEX AND TRIMESTER OF GESTATION ATB

£1 HIBOMEHRILOFHEE HATHERE(TSTD ) BEIEM O E®RN 5 & o5
i L W Bk Male 5B Female #
Preke — 50+ rad 50 rad Unknownt 50+ rad <50 rad  Unknownt
el all+ ra <20 ra nknown 50+ ra ol ra nknownt
4 48 9 WA kio o
First Number
£ 48 41 1 Bl & 12 3 3 9 1
Mean
FEER ... rad 199 23 = a1 24 =
Second and third Number
U b MR 3 k1R R R -, A 1 18 2 12 8 5
Mean
Frawm® ... .rad 150 23 - 165 22
Total Number
# R cananens 16 30 5 15 17 6
Mean
FHER rad 168 23 = 148 23
1 Mothers heavily .sh-icmd AT[;».._ _Jiii;ﬁfr-!]lgaﬁ :T'-“-ﬁ o BB .
The children were examined as close to their 13th, WML, $1300, 5145 & s 15nE ok
14th, and 15th birthdays as possible, and also approximately 2l B e .
at the six-month points between the birthdays. At each HIZTEA L EVHIL, S5t L@EHNILHEZ
examination the girls were questioned as to whether 6 HHIZE % » . KFIZo0TIE, SHRES IR
menarche had occurred; since most of them had not
experienced menarche until after the beginning of the ODHEEIZ>OTHBLA., ZoBBEOMBHERE T, KE
2



study, it was possible to record this date with accuraey.
A nurse trained in the procedures of the study recorded
all the anthropometric data. The greatest circumference
of the head, standing and sitting heights, and chest
circumference were recorded in centimeters. Weight
was measured in kilograms. At the 13-, 14-, and 15-year
examinations an X-ray of the left hand and wrist was
taken, from which the number of closed epiphyseal centers
was determined.

The data for all measurements were scrutinized for
significant differences among the three principal comparison

groups. Group | children were further classified into high
and low dose categories, each consisting of three additional
subgroups, based on the radiation histories of the mothers.
The data from Group I were also analyzed according to
trithester of gestation ATB, and then further subdivided
into high and low dose categories.

High Dose Category SiRBE S

M & FRE HRES L

BORFIEWMS Lo 20T, ML LIS
TARZEATESL. BEGHIHEEHIRMLABHE
WMitk->Tiabhs BRAHEE, S&, E&H4 500
Mzt 54— b0, RHEIIFO ST ATILERL .
13, U s L UFBEFOMETE, EFHLUTFRD
XEEHY LY, BERIZL, THEEEOHAEL L,

SMEFRICIDVT3I2OTELEBBEE-ARENSA
. BEoMSREEECIEST, B
IHRES (& HLUTE | BERIXSLEXSE232
ORI, BT BoER T, ERRoERNIC &
STHEBIFah, 35 [E s UIEIBERIIXSE
.

Low Dose Category E#HEBE &

Distance Subgroups
iE 88 B /B

Rad Dose Subgroups
MAHE BT

Radiation Syndrome Subgroups
WMHRERFOFERNE

. 0-1499 m Subgroup

50+ rad Subgroup

e SRR B

Two comments are pertinent to interpretation of the
data. First, the several body measurements have been
analvzed separately when they are, in fact, positively
correlated variables. Therefore, the results of the various
statistical tests are not independent. Second, in interpret-
ing the results emphasis has been placed on those com-
parisons that have yielded significant differences. Where
such differences do not emerge, one must bear in mind
that in a small sample, the power to detect subtle differ-
ences is not great. That differences were not found
does not necessarily mean they do not exist.

RESULTS

Mean head circumference for each sex is shown in
Table 2. Group I males had a mean head circumference
significantly smaller (P<0.05) than males in Group II at
the 13- and 14-vear examinations, and significantly smaller
than Group I1I at the 13-, 14-, and 15-year examinations
(P<0.01, P<0.01, P<0.05, respectively). Among Groupl
males the High Dose Category had a significantly smaller
head circumference in every instance except for the
Rad Dose Subgroups comparison at the 15-year examination.
No significant differences were noted between Group [
males who were in the first trimester ATB and those in
other trimesters.

Positive Radiation Syndrome Subgroup

1500-1999 m Subgroup
=50 rad Subgroup

Negative Radiation Syndrome Subgroup
I B SRR R AR B

HHOBITIZ VTt 22008 HUETHELLE
A WL, HTEO SR E BT EBR IR S o
B@[’ REHTHAN, BB LA LA, T,
MOHMNMEOSERZBILTvwAEY, T2, 20
HBRABINTAhE-T, ABEREULLEIIEN
g :@aka»f;%;ﬁ;:ﬁffﬁbhﬁ:t WBEtHo
hERKMBIBETIE, b L ¥RETSHE DL
KRTh >’H‘d3%5ta;'*hf v, ERHFERZL
g T B, JJZ"T‘L%,zi’%_éi;ﬁ’frl!lé:ﬁ:?-é‘xﬂ*[,{ﬁt‘-

w 2

Bao THEAZZ2 2RLTH S, 13§ H L U468
A T, BIRSFoFHHME, BO8SF
FNEHFEIZAE(P=0.05), 1368, M4afs kU158
R EeT, BI#EVASCIE(ZhFAP=
0.0, P=0.01, P=0.05). BRI BB FosREHRD
B, 15EERFMA I 5 A MEHRERINEE I L A Ll
RlE, FMGLEAR IS0, FBRSEEATE IS
SABIHBFLEIOMOBIEMIIS > 2B FL0/IZ
FHEOERIEON L o 2



TABLE 2 MEAN HEAD CIRCUMFERENCE BY GROUP, SEX, AGE, DOSE ESTIMATE, ACUTE RADIATION SYNDROME IN

MOTHER, DISTANCE FROM HYPOCENTER, AND TRIMESTER ATR

#£2 CPHTH: B TR BREIEEE - BUERATEEREO A E .
BeCotl A 5 o0 BEME - T5BR B ) T4 SR 5

Gmul; -]"Subgrnups BlIHOKS

Group -
Age Item e Dose Acute Radiation Distance Trimester
i i H LS Syndrome £ERE I 4 36
rad AEAHRERY
I 1T+ It - 50+ <50 o 0 <1500 m 1500+ m 1 2+3
Male 28
13 Number
< A e 53 50 40 L7 31 10 43 17 a6 22 31
Mean
PH ieieneeem 517 526 52, 1 S L) 50.1  H2.1** 50.5 52.3** 51.4 52.0
Standard Deviation
BdEE 20 1.6 1.4 25 1.6 24 1.7 2.3 1.6 1.8 2.1
14 Number
OO NI - | 45 39 16 30 10 41 16 35 21 30
Mean g
) oceecem . 52040 532% 53.5%* 51.4 . 52.7* 50.7  52.8** 511 53.0%* 52.0 52.7
Standard Deviation
SHsEE 2.0 1.7 1.4 2.8 1.5 2.4 1.8 2.4 1.7 1.8 22
15 Numhber
A T 50 47 38 15 30 9 41 15 35 21 29
Mean
A R R em  53.2 538 H4.2% 52.2 5357 611 B3 r* 52.1 53:7* 52.9 53.5
Standard Deviation
AR e h 2R T LR s 29 1.7 A R 2.8 1.7 1.9 2.4
Female %
13 Number
... 45 45 41 18 18 H. 36 20 25 14 31
Mean
R indiieecem 52,8 52,9 528 51.9 53.5*** 51.9 53.0 52.1 53.3** 53:5 5H2.4*
Standard Deviation
BHEZ. 1.6 1.4 1.5 1.2 1.4 1.3 1.6 1.3 1.4 1.2 1.5
14 Number
- U UUUSRU 1. 34 34 15 1T 7 31 16 22 13 25
Mean
B oiiiieeecem o 5303 539 536 52.7 B4.1** 522 53.6% 52.5 54.0%** 53.9 53.1°
Standard Deviation
- B R 1.4 1.5 1.5 1:1 1.5 0.8 1.4 1.0 1.4 1.6 1.3
15 Number
- e R U L 41 37 16 16 8 31 19 20 12 27
Mean
FEW vviiianaem 53,7 639 53.9 53.1 54.5%* 529 53.9* 53.1 54.3%* 54.4 53.4%
Standard Deviation
BHmEE . 1,3 1.5 1.4 1.1 1.2 1.1 y o 1.1 1.2 1.4 1.2
S P=0.1 Suggestive gAY
¥ P<0.05
ve P<0.01
L P<0.001
1t  Tested for significance against Group [ ® [ Bl od+ 2 HFESRE.



No significant differences in mean head circumference
were found among the females in the three comparison
groups. However, within Group I, with one exception,
the mean head circumference was significantly smaller in
the High Dose Category(Table 2). Group I first trimester
females had a greater mean head measurement than
those of the other two trimesters (final two columns,
Table 2), and at the 13- and 15-year examinations these
differences were significant (P<0.05). Again in Group I
first trimester females, with one exception, the mean
head circumference was significantly smaller in the
High Dose Caiegory (Table 3).

3ophEEokFoM TR, THRERMCES 4=
RBighhot. Lal, BIBLTTE, 1206it%
BuotT, PR SBREE ISV THBELIME P 2
(F2). MBAMIs - 2B I B FOTHERGE %
oo 2 >oEEM(£2, BHRoZMIOoKFEDEX
5, 13@ER S & UGHEBRETIE, ThonZRIH
BTh-m(P=0.05). 8512, 120fHIS- 2N,
B1HECRMAEL O FHER Y SREBEIISOTHE
ChEd o (F3).

TABLE 3 MEAN HEAD CIRCUMFERENCE FOR GROUP 1 FIRST TRIMESTER FEMALES BY DOSE ESTIMATE,
ACUTE RADIATION SYNDROME, AND DISTANCE FROM HYPOCENTER

#3 BIBERIML FOFHER: BEEEE  SMERSBERBORE - BLHD, 5 OB

Dose Acute Radiation Syndrome Distance
Age Item @R rad S B AR R
il =H 50+ <50 + 0 <1500 m 1500+ m

13 Number
- . 4 9 2 12 2 i2
Mean
1 I SPURITINY - Qo | 54.1* 51.4 53.8* 51.8 53.7%
Standard Deviation
BEHEEZE 0.9 1.3 0.5 1.5 1.1 1.3

14 Number
[ BB e e L e R 3 9 2 1} 2 11
Mean
A e €M 523 54.5% 52.1 54.2% 52.0 54,3*
Standard Deviation
B s 1.0 1.2 1.4 1.1 1.1 1.0

15 Number
P s R s 2 9 1 11 2 10
Mean
s o R e e em  52.3 54.9*% 51.4 54.7 52.3 54.8*
Standard Deviation
- bk - e SR R 1.3 1.0 0.0 1.1 1.3 1.0

s Ps‘ﬂ_l" .
* P<0.05

The head circumference of females with six or more
epiphyseal closures in the hand and wrist at age 14 was
evaluated. The three comparison groups did not differ to
any great degree, but among those in Group I, signifi-
cantly low values were noted for girls in the Positive
Radiation Syndrome Subgroup (P<0.05) and those in the
0-1499 m Subgroup (P<0.05).

Significant differences in mean head circumference
were still present in the male comparisons, even after
excluding six cases from Group I and two from Group III

MERFCFHF I UFBIC6RHU Lo MEZET
ZHFOEBEAMF LA 3OS IERERLS
Sk, BWIBOMTIE, HEI2EVEISERGHRER
BOoLT(P<0.05) 500 —-—149mBPOLT(P=
0.05) (24 5 7z,

WERAECEVLEL RIS » LB bh 2 MEERE S,
HEIE, $RIRMERELAT 2B IRO6HEEIR



who were either mentally retarded, or had tuberculosis or
cerebral palsy, any of which might adversely affect growth
at 13
years the mean head circumference for Group I was
52.1em compared to 52.6em for Group II (P<0.1) and
52.9¢em for Group ITI (P<0.05).

and development. Under these circumstances,

The mean standing height for males in the three compari-.

son groups is shown in Table 4. At all examinations Group
I males were shorter than Group Il males, the difference
being suggestive at the 13- and 15-year (P<0.10) exami-
nations and significant(P<0.05)at the 14-year examination.
There were no significant differences between Group I
males by dose categories, although the High Dose Category
had a smaller mean standing height in every instance at
all three examinations. No significant differences were
found between Group I first trimester males and those
in the other two trimesters ATB.

D2FlERSLASETE, Brokiiicbve, T
F IR E LTHEDERT S, . 20k 5 H5t
T, BRIZET2ZFORSTIE, B1HOFYEA I
52.1lcm, # I B$1252.6em(P=0.1), & MBEL52 9em( P <
0.05)T& - 7.

3oplkEBROBFOTFEEEIEIITT. &K
BEIZHEWTHIBFETEEIBBFLINLEEL, 20

S E, 1368 L 1SEMRE TR AREN(P=0.10)T5 b,
UERRETHEEETH- £(P=0.05). [ HEOME
KABOBTFHMTIEIAELERII Lo 2,
EiIiswT, WFhoBA L SREEOTHEREED
ot FEMEFE I BEREAMOBT L 2 0o iEiR
MBFLoMIzIE, ARAZEREIZONE S

300 EE

TABLE 4 MEAN STANDING HEIGHT FOR MALES BY GROUP AND AGE

£4 BIOFHEE: B L UMY
Age Item iy Group B .
LR HH I 11 11
13 Numher
L 53 50 40
Mean
2 ey cm 142.0 142.7 145.3%
Standard Deviation
FHRZE 9.1 8.1 7.1
14 Number
A T R L 51 45 39
Mean
R S, cm 149.6 150.9 153.9*
Standard Deviation
- 2oL S — 10.7 8.6 7.9
15  Number
N 50 47 38
Mean
g i Cm 156.1 156.7 159,95
Standard Deviation
MHREE 10.3 8.4 7.0
P<0.1 N
* P05

For females there were no significant differences in
mean standing height among the comparison groups, but
Group | females in the High Dose Category were signifi-
cantly shorter than those in the Low Dose Category in
every instance except one at all three examinations(Table 5).
At the 13- and 14-year examinations, Group I first trimester
females were significantly taller (P<0.05) than the other
trimester females, and the difference was suggestive at
the 15-year examination.

TFOTFHEEEICE, KHoMTEELER L,
ok, BIBLTOSRERE L, 3>0BFEIIHL
T1HERE, WIFholfsild, BREFERELY L
BEAHEICE, - £(F5). 138Es L U MEEME
T, BIHERMMOLFOHEZ, ZoMhoREYN
OEFENVLEEZIZEC(P=0.05), 20%£R1L, 15
RFRETCETENTH - 2.



TABLE 5 MEAN STANDING HEIGHT FOR GROUP [ FEMALES BY DOSE ESTIMATE, ACUTE RADIATION SYNDROME,
DISTANCE FROM HYPOCENTER AND TRIMESTER ATB

#5 FINLTOTFHYE: MEBHEEW - SIERHRERE O E - 1F0H A 5 O EEE - BB O TR # 5

Dose Acute Radiation Distance Trimester
Age Item EBE rad Syndrome R I G M
i 4H B R AE IR
50+ <50 v 0 <1500m 1500+ m 1 2+3
Total &
13 Number
- 18 18 9 36 20 25 14 31
Mean
PR b s 143.3 148.1* 141.7 146.3* 142.0 148.1%** 148.8 143.8*
Standard Deviation
PRHRSE o sws 7.1 5.3 8.4 5.6 5.8 6.3 4.3 6.6
14 MNumber
AR R L 15 17 7 31 16 22 13 25
Mean
F e E 148.6 152.1* 145.0 151.6%* 147.6 152.4** 152.7 149.1*
Standard Deviation .
BRI 2 5.6 4.3 58 ° 4.1 4.8 4.3 3.8 5.3
15 Number
B 16 16 8 3 19 20 12 27
Mean
e e 150.5 154.0% 149.9 153.0 150.1 154.6** 154.5 151.45
Standard Deviation
BRI 5.7 3.6 7.8 4.3 5.7 3.6 2.8 5.8
First Trimester Only 3EIRATHI O &
13 Number
- N P 4 9 2 12 2 12
145.8 150.1 142.7 149.9* 144.0 149.9%
Standard Deviation
BHERZE 4.8 4.1 0.0 3.8 1.8 4.1
14 Number
: < A 3 9 2 11 2 11
Mean
AR s G 148.6 153.7* 147.8 153.7* 150.4 153.2
Standard Deviation
BRI ZE 3.0 3.3 3.6 3.3 0.0 4.1
15  Number
R e e e 2 9 1 11 2 10
Mean
o - [UUPIUOVRUORN . | 150.5 155.3* 150.5 154.9 150.5 155.3*
Standard Deviation
BHREE s 0.0 2.4 0.0 2.5 0.0 2.2
s P01
*  P<0.05
e P<0.01

»e P00



Among Group [ first trimester females the High Dose
Category was shorter than the Low Dose Category and
some of the differences were statistically significant(Table 5).
Moreover, these Group I first trimester females in the
Low Dose Category were taller than either those in Group 11
(e.g., for the <50 rad Subgroup at age 13, P<0.05;
at 14, P.<0.1; at 15, P=0.01) or Group I1I (e.g., for the
<50 rad Subgroup at all three examinations, P<0.01)
They were also taller than the Group I females in the

other two trimesters in the Low Dose Caiegory(for Negative

Radiation Syndrome Subgroup, P<0.01 at age 13, P<0.1
at 14, and P<0.05 at 15).

At the 13-year examination Group I males had a mean
sitting height of 76.2+5.3 em compared to 78.7+4.1¢m
for males in Group IIT (P<0.05). At the 14-vear exami-
nation the mean sitting height for the two groups was
80.5+6.6 cm and 82.8£4.6 cm, respectively (P<0.05) the
comparable values at the 15-year examination were
84.3+6.3¢m and 86.6+4.3em (P<0.1). Group | males
were also shorter than Group II males, but not signifi-
cantly so. When Group I males were compared by dose
category, and again by trimester of gestation ATB, ,the
differences were not significant.

There were no significant differences in the mean
sitting height of females between Group I and Groups I1
and III. However, Group I females in the High Dose
Category had a shorter. mean sitting height than did
those in the Low Dose Category and these differences
were significant in seven of the nine comparisons tested
(Table 6). Group I first trimester females had a signifi-
cantly greater mean sitting height at all three examinations
than did Group | females who were in the other two tri-

mesters ATB.

Group I males generally weighed less than the males in
Groups I and III, however, the differences were not
significant even when compared by High and Low Dose
Categories though the former were lighter.

Group I females were also not significantly lighter than
females in Groups II and III, but the High Dose Category
as a whole was lighter than the Low Dose Category, and
some of the differences were significant(Table 6). Groupl
females who were in the first trimester ATB were heavier
than females who were in the other trimesters, and this
difference was significant at the 13-, 14- and 15-year
examinations(P=0.01, P<0.05, and P<0.05, respectively).

The mean chest circumference in the Group I males
was less than in Group II or III, and males in the High
Dose Category also had a smaller mean chest circumference
than those in the Low Dose Category, but the differences
were not significant.

BIHERMMOLTOSBRENIESER L VK
() POEROETFIHIMIZEE oo (£5).
S50, BREFCETAE I HEEHEO L7, 1
Bt (R, BEEO<S0radBizo>wW TP
0.05, @iz, P<0.1, 158k, P<0.01) 2 7
EEME (&2, 320mEREn<0rad Bz o0
T, P=0.01) ouwTFhiWEHENEI-R. ZhE
DEFIIEREF R T2 70ML0EEROE [ &
FDLGEFEI L (BERABERBOLOIZS VT
1B TP <0.01, UETIP<0.1, BLULBET
P <0.05).

I3REMEME AT, W BB FOFEHM&EH76.2+
5.3mTHLIDIzA L, BIHB FOHEMIZTE.7E 4.1
(P=0.05)Th-/rh. UERBETEL, 202008
FHHE 12, 80.546.6om ¥k 82,844 .6em (P =0.05)
ThHh-T, LERHECIE, 2hFfhdd.3+63mb &
F86.6+4.3em(P=0.1)Th-7 BIHBFERD
HBFLIOGENEL 2D, HFETE LA B
BB T2 B ml 4 o U1 BN o FEHE K150 1 g L
EHBEOVTRUIAHBELAZREL A5 .

FIMEENE - NI#ioMT, Ko RHES
CHHABENER I, A, L L, SEEEZERTS
FEIWZTFOTEHESGL, EKEEH BT 55 I 8L -
DENIDEELL, ThoOERE, BE LAY
DHIBTUIHEBTH2(E6). BIHERETHO T
DFEEE L, 320KREICHLT, BUBIEEER - %
MIzh - LB IBETF LD HEIIKRTH - =

FIHORFOFREE BB IH FOHOD
ENELhhoH, POERIFETIEL L, BRE
HOEREFLAILBLTE, ME0 &L - £
TOERIFE TR A -1

HIHLFORELENR - BIHOLFEIIHE
CECELT RSN, SREBITH: LTHEREN
D@, HTOZRIEETH - H(F£6). FBREEEER
AT S - AR T BL FoEEE, 2ooifERC s
S EFEDLEL, TOFERE, 138, UEELUL5E
BMRECSVIHE TS (FhFAP<0.01, P<
0.05% L1 P=0.05).

FIHBTOTHREEL, BIEs3ENED
BrENEhThH-T, SREBES 0Vl & KR
BELV LD THES LY, 2OBERTHEETCRL Y 7.



TABLE 6 MEAN SITTING HEIGHT, WEIGHT AND CHEST CIRCUMFERENCE FOR GROUP 1 FEMALES BY DOSE ESTIMATE,
ACUTE RADIATION SYNDROME, DISTANCE FROM HYPOCENTER AND TRIMESTER ATB

6 WMIBKFTOTHES, HESIONE: SR EE SR REREoFE .
BRCobe 2 5 o0 BEMBE - 5T HRIE ) 4F 05 4 51

Dose Acute Radiation Distanes: . 1 | Toimester:
Age Item B rad Syndrome B 8Tt 10
LS HH BHENMREER
50+ <50 b 0 <1500m 1500+m 1 2+3
13 Examined
5% . S 18 18 9 36 20 25 14 31
14 Examined
BB 15 17 T 31 16 22 13 25
15  Examined
) o R 16 16 8 31 19 20 12 27
Sitting Height EZE em
13 Mean
R e 78.5 32.0%* THT 80.8% 7.7 B2 3% 82.8 T79.0**
Standard Deviation
BaRE 1.6 3.6 5.6 3.6 3.6 3.6 3.6 4.1
14 Mean
T 1.8 84,35 80.0 83.6% R0.8 B4.6%**  85.1 81.8%*
Standard Deviation
BHEEZE 3.8 3.3 :1.1‘_ 3.0 2.8 3.0 2.8 3.3
15 Mean )
T 83.0 85.7* 82.6 85.1* 83.1 BG.O"* 86.4 83.8%
Standard Deviation
B 3.1 2.8 1.5 2.6 3.1 2.7 2.7 3.1
Weight & kg
13 Mean
i 35.1 39.9* 34.7 38.3 34.1 40.4%%# 41.9 35.6™*
Standard Deviation
BHEZE . 6.5 5.9 7.5 6.0 5.0 6.1 5.6 5.8
14 Mean
= e 39.6 44, 7% 38.9 43,45 38.8 45.3*** 455 41.0*
Standard Deviation
FEHERE 5.6 5.1 5D 5.7 4.5 5.3 5.6 5.5
15 Mean
- NN L e 5 41.9 45,9* 41.9 45.6 427 46.8% 48.2 43.4*
Standard Deviation
BEEZE 4.2 4.9 6.7 5.3 5.2 5.6 6.1 5.0
Chest Circumference BB em
13 Mean
P P 67.6 71.8* 68.6 7001 67.6 T1:6% 73.6 GR.1**
Standard Deviation
TREERE e 5.8 4.8 7.3 5.1 4.8 5.5 4.5 5.2
14 Mean
AT A W e 72.0 i6.1* T2 5.0 71.5 T6.6%* T6.8 T3.3*
Standard Deviation
B 5.0 1.2 5.6 4.9 4.2 4.5 1.8 4.8
15 = Mean
o R T74.4 T7.9% 4.1 e 75.4 78.48 79.6 75.8%
Standard Deviation
BEARE i 4.3 4.4 5.4 4.6 4.8 4.7 4.7 4.7
s P=01
+ P=0.05
o Pen,0l

+*+  P<0.001



Females in Group I had a smaller mean chest circumfer-
ence than in Groups II and 111, except for those in Group I11
at the 13- and 15-year examination, but the differences
Group I females in the High Dose
Category did have a significantly smaller mean chest

were not significant.

circumference than the Low Dose Category for the Rad
Dose Subgroups at all examinations and the Distance Sub-
groups at ages 13 and 14 (Table 6). Group I females who
were in the first trimester ATB had a significantly
larger mean chest circumference on all examinations than

those who were in the other trimesters ATB.

The mean onset of menarche is shown in Table 7 for
each comparison group; the differences are not signifi-
cant. Among Group I females, the onset of menses for
the High Dose Category was, on the average, later than the
Low Dose Category, and significantly so for Distance Sub-
groups. Group I first trimester females had an earlier
menarche than those in the other trimesters, but the

differences were not significant.
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TABLE 7 MEAN AGE AT FIRST MENSTRUAL PERIOD BY GROUP, DOSE ESTIMATE, ACUTE RADIATION SYNDROME,
DISTANCE FROM HYPOCENTER, AND TRIMESTER ATB

£T WEIRETE AR B REMEE - SUHREHEREO A
B A S5 o BERE - BRI o R
N Group 1 éubgro.ups ®1 #@ [E4 S B
Item Group Dose Acute Radiation Syndrome Distance Trimester
45ig B B rad B AT R IR HEY 4 1
I 1l 11l 50+ 50 0 <1500m  1500+m 1 243
Mumber
- S 42 43 36 17 18 33 19 23 13 29
Mean
ok — months H 160.3  160.2 159.1 161.4 158.3 158.9 160.7 164.8 156.5* 156.9 161.8
Standard Deviation
BERE ... 11.2 9.9 10.3 14.7 9.0 15.5 10.1 10.1 10.9 10.9 11.3
*P<0.05

At the 13-vear examination none of the males in the
study showed any epiphyseal closure in the hand or wrist,
while one or more centers were closed in 27% of the
females, but no significant differences were noted among
the comparison groups. By the 14-year examination,
8% of the males had undergone closure of one or more
epiphyses in the hand and wrist, while 72 % of the females
At the
15-year examination 37% of the males and 93% of the
females had undergone some epiphyseal closure in the

had this amount of epiphyseal closure {Table 8).

hand and wrist. When Group | females were compared by
High and Low Dose Catcgories, the mean number of epiphyses
closed was higher in the latter group, and significantly
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so for the Rad Dose Subgroups and Distance Subgroups at
the 14-year examination and for the Rad Dose Subgroup
at the 15-year examination. Group I females who were
in the first trimester ATB had a significantly higher mean

number of epiphyses closed at the 14-year examination.

than did females who were in other trimesters ATB,

Table 9 summarizes the direction and significance of
the differences between the various groups and subgroups.
Minus signs show where the mean values for Group I,
and for the High Dose Categories are less than that of the
group or subgroup against which they are compared,
and a plus sign indicates that the value is greater. No
difference is indicated by (.

WTKRBHLUVEBRITHETH Y, -15EIFRE
HEWTE, BEXFTHETH - 2. UEIFRECS
T, FEREREENHIC A > 2B I L FORRBED
FHEHIE, ZoMoRERCI, R FEDHEIIGD

- 7.

9 OHLEABLEOMIALNIEROHN
EHEMEZEHLE. w4 FAHE, BIHESRER
DA O RE L o WO ETAED LK
WwZrkERL, 77AHE, ToEREYRKTEI I L

AT, EROLVWIEEEI0TRLE

TABLE 8 PERCENT OF FEMALES WITH ONE OR MORE EPIPHYSEAL CLOSURES AND MEAN NUMBER OF CLOSURES
AT 14- AND 15-YEAR EXAMINATION BY GROUP, DOBE ESTIMATE, ACUTE RADIATION SYNDROME,
DISTANCE FROM HYPOCENTER, AND TRIMESTER ATB

#8 MEFIUBEMBRECSITS 12U EOBRMELXEI R TOEASE L6 BB Tl .
PRAEHEE I - SUERATBERBEOEE - LA S 0B - 5 R o IR 85
Group I Subgroups B 1B 0%
Age Item Group Dose Acute Radiation Distance Trimester
s A B BE rad Syndrome g i
J@:fﬁ!ﬁ(ﬁﬁﬁﬁﬁ :
B 1 1 I 50+ <50 + 0 <1500m 1500+ m 1 2+3
14 Number
T e 37 35 33 15 17 7 27 15 22 13 24
Percent with any centers closed
FHEMELEIESE ... 81 T4 61 60 945 57 85 60 96* a5 79
Mean number closed
TAGRIERM i D8 9.0 7.9 5.3 11.3* 6.1 8.6 3.6 11.4*** 12.8 5.5
Standard Deviation
BEBHEZE .. 1.3 7.9 8.3 T: 6.6 6.8 7.6 4.8 7.1 7.1 6.2
15 Number
B R 39 41 37 16 16 8 31 19 20 12 27
Percent with any centers closed
FHMELE G FE . 92 95 92 81 100 75 97 B4 100 100 29
Mean number closed
FHMES i, 142 150 146 11.4 16.1* 11.3 15.0 12.3 16.1% 159 13,5
Standard Deviation
BERE o, 6.3 6.2 6.6 7.6 4.6 8.5 5.5 7.1 4.9 4.8 6.8
s P=i.1 .
* P<0.05
*» P<0.01
s P<0.001
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TABLE 9

DIRECTION AND SIGNIFICANCE OF DIFFERENCES IN MEAN VALUES OF VARIOUS MEASUREMENTS

FOR GROUPS BY SEX, AGE AT EXAMINATION, DOSE ESTIMATE, ACUTE RADIATION SYNDROME,

#9

Measurement

il 7 B 5y

Head circumference........

e R

Standing height...............
& &

Sitting height ...
HE

Waight i
{Ea

Chest circumference........

R B

Epiphyseal closure...... %
GRS

Head circumference ........
3B
Standing height ...
L g:3
Sitting height ......ovvvenn
HE
Weight: b uamaiiege
(ER:
Chest circumference ...,
i B
Epiphyseal closure . %
GRS Mean 15
%
Mean 15

Age at first regular menses

HIEREF O i

AND TRIMESTER OF GESTATION ATB

MERE O T O b kRO R M RO - BRI E

T RS RRAE IR B OO A B - RS o ALUR B

Group [ S;l;g_m_ups_ -g IHOEa

| Mean for first group larger

BinBOFRObEFRThH LI EETT.

Age Group —
i 0 Dose Aeute Radiation Distance Trimester
Bt rad Syndrome B HE 45 01
A R AR IR B
Tvs 11 1vs#f III 50+ vs & <50 faeara <1500 m vs i~f1500+m 1 vs *"12+3
Male &
13 —% — % Sy Py Ly =
14 —* — —* — % — % -
15 - —= —5 —— —% s
13 — -5 - - i +
14 = — e - = +
15 - —5 - — - +
13 - — s e s =
14 - — % - — = +
15 - —s5 + B + +
13 - a® - 2 - A
14 — = - o - o
15 = 3 - - - -
13 - - - - - =
14 = = L I . -
15 = - - = - -
14 = + — - — +
15 + + 0 - = -
Female %

13 — 0 —*k - — %k o+
14 e - - —* — +s
15 = = — — % — xx +#*
13 = 0 —* — % —xts +
14 — + —= — k% — %% + ¥
15 + + — — — % +5
13 + + — -5 — k%% +as
14 + + 8 —* — WA 4%
15 + + —% —* — %% +=
13 + + —% — —Exx + =%
14 =2 0 —% —5 — ek + %
15 - - —* ~ — +e
13 o + —* - —x 4+
14 - - —% — — +*
15 T + o =5 — 4
14 + + -5 = % 4
14 = + — % - — ok +an
15 e + = - - +
15 = = = = =5 =+

+ + + - +e -

s P_sﬂ...ll = * P=0.05 e P20.01 = P<0.001
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DISCUSSION

Table 9 shows that Group I males consistently had
smaller measurements than their counterparts in Groups 11
and IIl, the head circumference generally being signifi-
For the three female groups, the differ-
For both
measurements were generally

cantly smaller.
ences were neither consistent nor significant.
sexes within Group [,
smaller for those who received higher doses of radiation
as judged by estimated radiation dose to the mother,
acute radiation syndrome of the mother, or her distance
from the hypocenter, and the differences were more
often significant in the females. The most striking
differences for both sexes were in the head measurements;
among females, differences in all measurements were
greatest for the Distance Subgroups. With respect to
trimester of gestation ATB within Group I, no consistent
or significant differences were seen for the males, but
for the females almost all measurements of those in the
first trimester were significantly greater than for the
other two trimesters.

Differences in size and developmental factors between
Group I and Groups Il and III males, as well as between
High and Low Dose Caiegories of both sexes, were con-
sistently in the same direction and were often significant
This
may be due in part to the fact that essentially the same

for females and both sexes combined (Table 9).

children were examined at fairly closely spaced intervals,
so that one would not expect large changes from one
examination to the next. Also, the various body measure-
ments of the same individual are positively correlated and
this would tend to contribute to the large number of
differences found.

The data may be affected by socioeconomic factors,
since there is evidence that Group I children, whose
mothers came into the city after the bombing, differ from
those in Groups | and IL"™' In selecting the sample an
effort was made to match comparison Groups II and III
with Group I according to socioeconomic status. Even
though this may not have been wholly successful, it
appears unlikely that extreme differences exist among
the three groups.

The three different High and Low Dose Categories, are
similar but generally not identical in composition. Excluded
from the Rad Dose Subgroups are those who were heavily
shielded and for whom rad dose cannot be estimated. In
the Positive Radiation Syndrome Subgroup are a few mothers
who were at peripheral distances where radiation dose
estimates are in the lower part of the range for all
Group I. Others have pointed out that although there is a
relation between occurrence of the syndrome and the

13
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radiation dose estimate or the survivor's distance from
the hypocenter,
radiation injury which could not be explained by the

a number of persons reported acute

dose of ionizing radiation received, as estimated from a

: 16,15 .19
point source.

Distance from the hypocenter has
been most frequently used as an indicator of the amount of
The distance

subdivision was drawn at 1500 m since it has been shown

radiation received in lieu of actual doses.

that demarcation around 1400-1500m focuses attention
on a group of survivors who received substantial amounts
of radiation."™** Included in each Distance Subgroup were
a few heavily shielded mothers who presumably received
less radiation than they would have in more exposed
situations.

Evaluation of data for each of the three comparisons
This indicates
that the three ways of subdividing Group I are reasonably

within Group I has produced similar results.

comparable and the three indices of the amount of
radiation received are related, although not identical.
This in turn strongly suggests that the differences observed
are consistent, at least in part, with a radiation effeet,
either directly to the fetus or indirectly from effects on
the maternal tissue. Admittedly it is difficult to separate
radiation effects from those of trauma, burn, and infection,
any of which can undoubtedly affect a developing fetus
adversely. However, if the latter were responsible for
the differences, one would not expect to find them by
using a demarcation at 1500 m or at 50rad. The frequency
of burns, trauma, and infection increased with distance
over close ranges and continued at a fairly high level
even beyond 3000 m” whereas the gradient for radiation
dose is fairly steep, having fallen to a negligibly low

level at 2500 m,

The smaller head circumference of those closest to the
hypocenter confirms earlier reports associating exposure

i ; sl el
to radiation with decreased head size.

A previous
report from ABCC suggested that irradiation during the
seventh to fifteenth week of gestation might be critical
for the development of micrncephaly.za
other hand,

trimester males is only slightly smaller than those in the

Here, on the
the head circumference of the Group | first

other trimesters, and among females the head measure-
ments of the first trimester subgroup is larger than those
of the other two trimesters.

The fact that, in Group I, first trimester females were
larger, judging by head, height, weight, and chest measure-
than those in the other trimesters,

ments, seemingly

; : - y e
contradicts previous observations™ that irradiation early
in gestation has a more pronounced deleterious effect

than at a later period, insofar as effect on subsequent
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growth and development is concerned. This may be
partially explained by the fact that there were only three
first trimester females whose mothers received an estimated
dosage of 50 rad or more, compared to 12 in the other
two trimesters. Furthermore, the mothers of these three
first trimester females received less radiation than the
mothers of the second and third trimester children in the
High Dose Category (Table 1). Group I first trimester
females, therefore, are similar to the Low Dose Category
while the second and third trimester females are more
similar to the High Dose Category. These differences in
the amount of radiation received would tend to obscure

any differences due to the stage of gestation ATB.

The first trimester females in the Low Dose Category
have a larger mean head circumference than Group I
females who were in the other trimesters or who were in
Groups II and 1II. This might explain why differences
were not found for females between all of Group I and
Groups Il and III{Table 2). The reasons for this apparent
discrepancy are not clear, but would seem to indicate
that the Group I first trimester females in the Low Dose
Category may be affected by some selective factors and
are not strictly comparable with the others. The possibility
that among the female fetuses in the first trimester who
received low radiation doses only the larger or stronger
survived cannot be excluded, but this seems unlikely
because no comparable effects were seen for the males
and higher doses of radiation appeared to be related to
smaller size even among the first trimester females.
Other selective factors, such as migration, various social
characteristics, and the like, might produce the incon-
sistencies in the data.

Greulich and Pyle have suggested that puberty correlates
well with closure of the epiphyses in the hand and wrist.”’
In the present study, females showed a substantial number
of closures, on the average, between the 13-and 14-year
examinations but in the males, by the 14-year examination,
the epiphyses were just beginning to close. Thus, although
the males and females were chronologically the same age,
from the standpoint of maturation the females were more
advanced, and therefore meaningful comparisons could
not be made between the sexes.

Along with the apparent smaller size of the High Dose
Category of Group I females, a lag in development was
evidenced by delayed menarche and epiphyseal closure of
the hand and wrist. That those who received the larger
amount of radiation lagged behind suggests that the
delay in development may be related either directly or
indirectly to radiation of the mothers during gestation.
It is possible that the smaller body measurements noted
may be a reflection of this delay.
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The question arises whether the differences represent a

permanent retardation in growth or merely a delay.
Although not presented here in detail data were evaluated
for standing and sitting heights (Table 5 and 6), which
show that the Group I females in the High Dose Category
had a significantly greater growth rate between the 13-,
14-, and 1bH-year examinations than did those in the
Low Dase Category, perhaps indicating that the differences
are due to a lag in growth. Among the Group I females,
at the 14- and 15-year examinations there were more
children in the High Dose Category in whom epiphyseal
closures of the hand and wrist had not yet begun than in
there is no reason to
this
may be further evidence in support of delayed growth.

the Low Dose Category. Since

suspect that the epiphyses will not eventually close,
For the head circumferences, on the other hand, no
significant differences were noted between the two
examinations within any one of the three comparison groups.
The dependence of head circumference upon age is less
at 13 to 15 years than are other growth measurements,
2.2 1f head girths of these children
are unlikely to be altered appreciably in the years to

such as stature.
come, as would seem to be the case, then even now,it
may be concluded that the head circumferences of the
heavily irradiated children will remain smaller than those
who received less radiation. Obviously, observations
over a longer period of time are necessary to settle the
question of whether the above phenomena represent

delayed or permanent retardation of growth.

SUMMARY

A group of 286 adolescent children, all of whom were
in utero at the time of the atomic bombing in Nagasaki,
were examined as part of a long-term program to determine
possible differences in growth and development that
might be attributable to exposure to ionizing radiation.
Three comparison groups were studied: Group I, whose
mothers were within 2000 m from the hypocenter; Group 11,
3000-4999 m;
Group ITI, whose mothers were not in the city at the

whose mothers were located between
time of the bomb. Group | was further subdivided into
high and low dose categories as judged by direct dose
estimates, whether or not the mother experienced the
acute radiation syndrome, or whether she was more or

less than 1500 m from the hypocenter.

The age at menarche and degree of epiphyseal closure
in the wrist were determined. In addition, measurements
were made of head circuniference, standing and sitting

heights, weight, and chest circumference.
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Differences were found among some of the comparison
groups which were consistent with a radiation effect. This
was most significant in head circumference measurements.

The differences between Group I and the other two com-
parison groups were not thought to be due solely to a
small number of severely affected children influencing
the group as a whole.

It was suggested that the Group I children may be
lagging behind their cohorts in growth and development,
but that for the group closest to the hypocenter the head
circumference may remain smaller than for the com-
parison groups.
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