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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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SUMMARY

Based on the existing records, reanalysis was
undertaken for the measurements of physical
characteristics attained at age 18 of the in utero
exposed children and their controls in Hiroshima
and Nagasaki. To ascertain the relationship of
height, bodyweight, head circumference, and
chest circumference attained at age 18 to gamma
ray and neufron doses received, a stepwise
regression analysis was performed. Three dose-
response models were examined on the data.
When both gamma ray and neutron doses are
significantly related to the growth and develop-
ment of in wtero exposed children, the model
based on squared gamma dose dependence and
linear neutron dose dependence best explains
the effect of dose on height and head circum-
ference. The relative biological effectiveness
(RBE) of neutrons is estimated to be around
36.6/+/Dn (Dn=neutron dose) for the effect on
height, and around 39.0/n/Dn for the effect on
head circumference. The effect of dose on
height is also best explained using the maodel
involving a linear dependence on both gamma
ray and necutron doses and in this case the
estimated RBE is about 4.9,
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INTRODUCTION

Wood et al' have reported that children exposed
in utero within 1,500m of the hypocenter were
less advanced in such growth.parameters as
head circumference, height, and body weight
at age 17 than children exposed elsewhere, and
Belsky and Blot® have shown that the average
height among Hiroshima survivors whose age
at the time of the bomb {ATB) was less than
6 and who received 100rad or more was signifi-
cantly less than controls. Recently, Ishimaru
et al® have reported that the height attained by
survivors whose age ATB was less than 10
decreases with an increase in dose; this decrease
is directly proportional to neutron exposure
but varies with the square of the pamma dose.
Improved dose estimates have become available
in Nagasaki based on a new epicenter proposed
by Kerr and Solomon.® It is also now possible
to estimate fetus dose based on the fetus dose/
kerma dose conversion factors proposed by
Kerr.®  This report, therefore, attempts to
examine growth and development of individuals
exposed in utero and their controls in relation
to fetus pamma and neutron doses.

A degree of uncertainty has arisen regarding the
TéS5-revised dose (TESDR) system of dosimetry,
both with regard to the quality and the quantity
of radiation released by the two nuclear devices
used on Hiroshima and Nagasaki®~® Therefore,
it is not altogether timely to report the analysis
of growth and development of in utero exposed
children in relation to gamma ray and neutron
doses, estimated by the T65DR system. However,
the present research protocol was approved
before recognition of this uncertainty in the
T65DR dosimetry system.

MATERIALS AND METHODS

Subjects Height, body weight, head circum-
ference and chest circumference have been
recorded for individuals who were exposed
in utero and their controls. These individuals
were measured for these parameters until they
were 18 years old, as part of an annual health
examination administered at ABCC under
the PE86 project. The data are available in the
files of the Department of Epidemiology and
Statistics at RERF. In 1964 annual health
examinations were suspended for a variety of
administrative reasons.
health examinations were instituted in 1978 for
a smaller sample of in utero exposed individuals.

However, biennial

]
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Table 1 shows the distribution of the 1,080
subjects of this study by city and total fetus
dose, 830 subjects in Hiroshima and 250 in
Nagasaki.

EE80E, REBIZLrSMIFHEOHEH
1,080 0545 & MHiBl, HREGHRENIZRL 2L
NTHB.

TABLE 1 IN UTERO EXPOSED CHILDREN AND CONTROLS
DISTRIBUTED BY CITY AND TOTAL FETUS DOSE

#1 BA#HBREUABEOSAE, SENEY
RREHRER
Total fetus dose in rad
City Total
Control* 1-24 2549 50+
Hiroshima 554 231 26 19 830
Nagasaki 179 41 12 18 250
Total 733 292 1080

38 37

*0rad and not-in-city ATB groups.
Orad RUBREBEETATER

Dosimetry Individual fetus dose estimates have
been calculated using the fetus dose/kerma dose
conversion factors proposed by Kerr.®

Statistical analysis First, to ascertain the relation-
ship of height, body weight, head circumference,
and chest circumference to fetus dose, the
differences in average height, body weight,
head circumference, and chest circumference
were examined in relation to total fetus dose,
city, and sex. Second, to determine the relation-
ship of each of the four measurements to fetus
gamma and neutron doses, the following three
dose-response models were applied to the data:

Model I Linear dependence on both gamma and
neutron dose:

FRIET Kerr® MREELABEREER kerma B
ERGFHEEZRACT, BANERSREEHR:HE
L.

HETREN ¥, &K, AE, HRRUME:
BRER: OEEIEET3-DI, &K, ki,
HEECREAOESEOXEIERARER, &5
BUMERIC#E 2 Rz, MoOFHEHE ~ L IBR
Ay vBERUVTEFRRLOMELRET S LD
2, UTFTOZ2o08BRIEEF L7 — 2 I10EH
L 7.

EFN]I FryvHREUTEFHEEN BTN
X EFT 5

Y=a+b, X; +b,X; +b3;X; +b,Dy+b;Dn

Model II Squared gamma dose dependence and
linear dependence-on neutron dose:

TFVE HreBROTHEICKEL, PHEFER
CEEHITKET S

Y=a+byX; +byX; +by X3 +bs Dy? +b;Dn

Model HI Linear and squared gamma dose depen-
dence and linear dependence on neutron dose:

=FAMI Fry-BRUIBENRUZOZEIIKRE
L, M FHECEBEMNICRET 5.

Y=a+b;X; +byX; +b3 X5 +bs Dy +bs Dy? +bsDn
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where, in each case, Y is a vector specified by
measurements of height{(ecm), body weight(kg),
head circumference(cm), and chest circum-
ference(cm). While a, X,, X;,7 and X3 are,
respectively, a constant, city, sex, and weeks of
gestation., Dy and Dn are the gamma and
neutron doses in rad. A stepwise regression
analysis‘3 which treats each measurement as a
continuous phenomenon was used.

RESULTS

Relationship of Body Parameters Measured to
City, Sex, and Total Fetus Dose

Table 2 shows the mean and standard deviation
of height, body weight, head circumference,
and chest circumference of subjects by city, sex,
and dose, and the results of tests of homogeneity
of variance for the four total fetus dose groups
by city and sex. Average height tends to decrease
with an increase in dose for both sexes and both
cities, but the variances in height do not differ
. significantly by dose. Average body weight
also tends to decrease as dose increases for both
sexes and both cities, and again, the variances
do not differ significantly by dose, except for
Nagasaki males. Average head circumference
tends to decrease as dose increases for both
sexes and both cities, The variance in head
circumference differs significantly by dose for
both sexes in Hiroshima, but it does not differ
significantly by dose for either sex in Nagasaki.
Again, average chest circumference tends to be
smaller as dose increases for both sexes and both
cities. The variance in chest circumference
differs significantly by dose for males in both
cities, but not for females in either city.

Table 3 gives the results of two-way analyses of
variance for height, body weight, head circum-
ference, and chest circumference in relation to
sex and dose by city. Height is significantly
different by sex and dose in Hiroshima, and by
sex but not dose in Nagasaki. Body weight is
significantly different by sex and dose for both
cities. Head circumference is also significantly
different by sex and dose. However, chest
circumference is significantly different by sex
for both cities, but not by dose for either city.
To summarize, height (except in the case of
Nagasaki), body weight, and head circumference

all appear to be dose-related in both cities, but’

no effect of dose on chest circumference has
been found.

22T, WFhOEFMIEVTE, YIREE (m),
HRE (kg), FHE (em) RUHIH (em) O EHEICED
BELENANZ VTHS. a, Xy, X. BUX, &
FRFREH, B, BRUKREEMTHS. DrAU
Dn ltrad 2B ¢+ 35y vHERRUPHEFRET
55, B ERARLE LTLET ZERD
EREF® AV

B R

BEHBNNSA—2 LT, HREUTRERRR
& DR

F218H, ERUVERIZA-H4REOER,
&, FEAVERAOTFARUCEREREZLE, W,
MRl s Moo RSHRES BT 3 0B E
EREOERERLA. BFEOTHHEIEL, BLRY
e bicEBEORBMIEWRES T IEBICS D,
SGEOFBEIHEENICAZTERERZIL . FHED
EHFEIE, BREACETL L ITHEBEOHMIZHEST
Brtifmsrtbad, FHEIEHOBELRE,
BRNCATEEZERE2 . EROEHIMHIL,
BARUHETEE S ICREOBINHEVES T 346
ithaN, HEOIE, EEOBELIELTE
BENILGTHBEE»H 3D, BEHOBXIIHVT
BEANCERER2 Y. Bz, WHEHOTHEE,
BLARUVHEME S IZHEEOHMIE RS+ 5 HE
Aha. WEOSKE, BHORMERBNORE
EFAHBLNEY, BHOLMIEFTERZEED S
.

H#I3PWWHANCH-GE, FH, HERUMHEAD
FREERUCERLOMED SASFOERERL
. BEIEETIXER, BREBMCA THEEN
HY, RBTHERNTIEEEN S S, HAR
TRBH SN L. FEIETE LR, RERNIC
BEZEXH 3. FEITHEA, RENCEEEZF S5,
LAL, MEGET L UL LEREN DS
A, BRAICHSEERREIL . BT S L, &
(REOBEIIRNTS), FREUEHBR T T,
b RELMEFSZ LI Bbh s, A
ERIETHREORBERIED i,
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TABLE 2 MEAN AND STANDARD DEVIATION OF HEIGHT, BODY WEIGHT, HEAD
CIRCUMFERENCE, AND CHEST CIRCUMFERENCE FOR IN UTERQ EXPOSED
CHILDREN AND CONTROLS AT AGE 18 BY DOSE, CITY, AND SEX
£2 BABRERUMBEOIBEEOEE, $E, HEERUVREOTESHE
B RS, R, HHNE RS

Total tissue dose in rad

Homogeneity test

Control 1-24 2549 50+ Total of variance
Height (cm) Hiroshima, Male (df)
No. 288 117 13 11 429 2 _ ags
Mean 166.0 165.0 163.5 162.3 165.0 @~
SD 517 5.82 5.80 6.57 5.84 P>.10, NS
Hiroshima, Female
No. 266 114 13 8 401 2 _3a49
Mean 154.1 1532 153.2 149.1 153.7 X3~
Sb 5.34 5.55 4.78 7.88 5.47 P>.10, NS
Nagasaki, Male
No. 95 26 6 8 135 2 s 031
Mean 165.0 162.8 1658 160.5 164.4 X@y=>-
SD 6.20 7.90 3.97 7.58 6.63 P>.10, NS
Nagasaki, Female
No. 84 15 6 10 115 2 _
Mean 1536 154.0 153.8 151.6 153.5 X(3)= 1404
SD 5.02 414 4.54 5.74 493 P>.10, NS
Body Weight(kg) Hiroshima, Male
No. 288 117 13 11 429 2 5953
Mean 550 537 528 535 54.5 X@)y=™
SD 6.49 7.59 6.51 8.87 6.88 P>.10, NS
Hiroshima, Female
No. 266 114 13 8 401 X (’3)=2.054
Mean 49.2 479 48.3 43.7 487 P>.10. NS
SD 597 6.34 5.71 7.99 6.16 R
Nagasaki, Male
No. 95 26 6 8 135 2 _
Mean 54.4 53.6 58.9 504 542 X(z)=8.679
SD 6.06 8.25 8.60 10.36 6.99 P> .05, *
Nagasaki, Female
No. 84 15 6 10 115 <2 =742
Mean 48.5 48.8 50.6 45.0 48.4 @)
sD 5.29 5.62 6.67 5.67 5.48 P>. 10, NS
Head circumference {(cm) Hiroshima, Male {df)
No. 288 117 13 1’ 429 '
Mean 55.4 55.0 54.1 54.0 552 X(3)=2:607
SD 1.38 1.70 1.56 1.97 1.52 P<.05, *
Hiroshima, Female
No. 266 114 13 3 401 2 s gas
Mean 543 538 536 522 54.1 X3y~
SD 1.46 1.63 2.65 1.61 P<.01,**

(Continue F < )
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TABLE 2

{Continued # & )

Total tissue dose in rad

Homogeneity test

Control 1-24 2549 50+ Total of variance
Nagasaki, Male
No. 95 26 6 8 135 2 3177
Mean 55.2 54.9 5438 528 55.0 @~
SD 141 1.60 1.50 2.11 5.59 P<.10, NS
: Nagasaki, Female
No. 84 15 6 10 115 2 _1 547
Mean 54.4 54.7 54.1 53.7 54.3 X@
SD 1.36 1.32 1.17 1.00 1.33 P>.10, NS
Chest circumference {cm) Hiroshima, Male
No. 288 117 13 11 429 2 _
Mean 79.1 78.5 78.8 717 78.9 X(3y=12:423
SD 4.02 5.12 4.54 5.88 441 P<.01, **
. Hiroshima, Female
No. 266 114 13 8 401 2 1525
Mean 74.4 74.2 75.1 71.8 74.3 E
SD 4.87 4.85 4.23 6.19 4.87 P>.10, NS
Nagasaki, Male
No. 95 26 6 8 135 2 _13595
Mean 81.4 81.3 83.4 78.6 80.7 X3
SD 4.77 6.93 5.73 7.61 P<.05, *
Nagasaki, Female
No. 34 15 6 10 115 2 _ 950
Mean 79.2 78.7 79.4 76.4 78.9 E)
SD 445 4.95 5.47 5.41 4.66 P>.10, NS
TABLE 3 TWO-WAY ANALYSES OF VARIANCE FOR HEIGHT, BODY WEIGHT, HEAD
CIRCUMFERENCE, AND CHEST CIRCUMFERENCE IN IN UTERO EXPOSED
CHILDREN AND CONTROLS IN RELATION TO SEX AND DOSE BY CITY
#3 HBAERREUCHNBEEOSE, FE, BERUVHBO SR EERY
R OMEO 2SN, B
SS DF MS F P
Height Hiroshima
Sex 29034 1 29034 915.95 <01 **
Dose 492.9 3 164.31 5.18 <.0] **
Interaction 24.44 3 8.15 0.26 >.05 NS
Between 29521 7 4217.3 133.05 <.0] **
Within 26056 822 31.70
Total 55576 829

{Continue #:< )
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TABLE 3 (Continued $t % )

SS DF MS F P
Nagasaki
Sex 7278.2 1 7278.2 210.07 <.01 **
Dose 201.53 3 67.18 1,94 >.05 NS
Interaction 75.90 3 25.30 0.73 >.05 NS
Between 7634.8 7 1090.7 3148 <01 **
Within 8384.5 242 34.65
Total 16019 249
Body weight Hiroshima
Sex 7126.6 1 7126.6 167.88 <[] **
Dose 43241 3 144.14 3.40 <05 *
Interaction 85.15 3 28.38 0.67 >.05 NS
Between 76477 7 1092.5 25.74 <01 **
Within 34896 822 42.45
Total 42543 829
Nagasaki
Sex 2050.0 1 2050.0 51.90 <.01 **
Dose 371.85 3 123.95 3.14 <.05 %
Interaction 30.37 3 10.12 0.26 >.05 NS
Between 2508.2 7 358.32 9.07 <.01 **
Within 9559.4 242 39.50
TFotal 12068 249
Head circumstances Hiroshima
Sex 265.97 1 26597 113.04 <01 **
Dose 86.50 3 28.84 12.26 <01 **
Interaction 4.30 3 143 0.61 >.05 NS
Between 355.68 7 50.81 21.60 <01 #*
Within 1934.1 822 2.75
Tatal 2289.7 829
Nagasaki
Sex 2353 1 23.53 11.69 <] **
Dose 35.92 3 11.98 595 <.01 **
Interaction 14.93 3 4.98 2.47 >05 NS
Between 77.74 7 11.11 552 <.01 **
Within 487.16 242 2.01
Total 564.90 249
Chest circumstances Hiroshima
Sex 4274.6 1 4274.6 198.54 <01 **
Dose 86.81 3 28.94 1.34 >.05 NS
Interaction 16.63 3 5.54 0.26 >.05 NS
Between 4369.0 7 624.14 28.99 <01 ®*
Within 1769.7 822 21.53
Total 2200.6 829
Nagasaki
Sex 32496 1 324.96 16.50 <.Q1 **
Dose 147.30 3 49.10 251 >.05 NS
Interaction 10.09 3 3.36 0.17 >.05 NS
Between 500.80 7 71.54 3.65 <.01 **
Within 4738.1 242 19.58 :
Total 52389 249

Sex (M,F), Dose (Control, 1-24, 2549, and 50+ rad).
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Relationship of Body Parameters Measured to
Gamma and Neutron Exposure

Table 4 summarizes the stepwise regression
analysis of the relationships of height, body
weight, head circumference, and chest circum-
ference to gamma and neutron doses and such
concomitant factors as city, sex, and gestational
age ATB for three dose-response models. The
first assumes a linear dependence of each
measurement on both gamma and neutron doses
{Model I); the second assumes a squared term
dependence on gamma rays and a linear term
dependence on neutrons (Model II); and the
third assumes a lincar and squared term
dependence on gamma rays and a linear term
dependence on neutrons (Model II).

BN A -2 — EH BB U R TIRES
& QR

#4113, Eo0BBEEEFVIIOVT, &, k&,
EEEURBEY <R, RETREL IS,
B VR AR SO EE T L ORIz o T
BEHEREBES R T~ bDEEHLE. BlO
EFNE, SHEHAS Y v BRE R FERC
BHILEET EREL(FMVI), E20ETN
3, FAEFS B0 TRIIREL, PETFH
BECRETILEELTEY (2F700), £,
EI3OEFNL, HEUEFT BBz, 20
TEIIBREL, AEFHCHEBICNIFT S LRE
La{E7Fr).

TABLE 4 SUMMARY OF THE STEPWISE REGRESSION ANALYSIS OF HEIGHT, BODY
WEIGHT, HEAD CIRCUMFERENCE, AND CHEST CIRCUMFERENCE IN RELATION
TO CITY, SEX, GESTATIONAL AGE, GAMMA DOSE, AND NEUTRON DOSE
#4 SE, hE, EERCEEZSTE % BRAK FroRE,
difth T4 & 0 MR 0 B RS R R AT 0 B

Regression Standard Partial P
Coefficients error F-test
Modell: Y=a+ b1X1 + b2X2 + b3X.3 + qu-Y + bsDn

X, = City, Xz = Sex, X3 =Gestational age in weeks, Dy = Gamma dose, Dn = Neutron dose

Y = Height (cm)
Sex 11.5783 0.3437 1134.60 <. Q1**
Gestation week 0.0477 0.0171 7.72 < 01%*
Dy —0.0464 0.0087 28.67 < 01**
Constant 1531
Percentage of variation explained: rR2=52.2%

Unrelated variables: City and Dn

Y = Body weight (kg
Sex 5.8120 0.3892 223.04 <.01%*
Gestation week 0.0858 0.0194 19.48 < 01**
Dy ~0.0417 0.0098 18.04 <. 01%*
Constant 47.3
Percentage of variation explained: R% =19.6%

Unrelated variables: City and Dn

Y = Head circumference (cm)
Sex 1.0145 0.0916 122.61 <. 01*%*
Gestation week 0.0068 0.0046 2.25 >.05NS
Dy —0.0147 0.0026 32.72 <.D1%*
Dn --0.0722 0.0305 5.61 <.05*
Constant 541

Cov. D,y Dn = -0.34161 X10"* , RBE=4.9 [95 % confidenc limits: 1.8~13.7]

Percentage of variation explained: R%=14.9%

Unrelated variable; City

(Continue %t < )
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Regression Standard Partial P
Coefficients eITOX F-test
Y = Chest circumference {(cm)
Dy -0.0246 0.0071 12.16 <. 01**
City —-3.5675 0.3318 115.59 <.01**
Sex 4.0000 0.2767 208.97 <.01**
Gestation week 0.0695 0.0138 25.27 <, 01**
Constant 76.97

Percentage of variation explained: R?=25.4%
Unrelated varizble: Dn

ModelIl: Y = a+byX; +byX, +b3Xs +byDy? +bsDn
X, = City, X, = Sex, X3 = Gestational age in weeks, D.,,2 = Squared gamma dose, Dn= Neutron dose

Y = Height (cm)
City
Sex
Gestation week
D.2
y
Dn
Constant

Cov.D,2-Dn=0.18084 X 10~%, RBE =36.6/x/Dn [

Percentage of variation explained: R%>=52.3%

Y = Body weight (kg)
Sex
Gestation week
D.2
Y
Constant

Percentage of variation explained: R2=19.4%

0.6752
11.5776
0.0498
—0.00021
—-0.2819
152.4

5.8187
0.0856
—0.00026

471

Unrelated variables: City and Dn

Y = Head circumference (cm)

Sex
Gestation week
D.2
Y
Dn
Constant

Cov. Dy*- Dn=—0.12982x107%, RBE=39.0I\/Dn[

Percentage of variation explained: R%=14.0%

1.0139

0.0080
—0.000073
—0.1145
54.1

Unrelated variable : City

Y = Chest circumference (cm)

D,?

City

Sex

Gestation week
Constant

Percentage of variation explained: RZ=25.4%
Unrelated variable: Dn

—0.00016
~3.5549
4.0045
0.0695
76.9

04156 2.64
0.3440 1132.76
0.0172 8.40
0.000061 12.15
0.1076 6.86
95% confidence limits:]
21.5//Dn~61.7//Dn
0.3897 222,99
0.0195 19.36
0.000066 15.33
0.0921 121.16
0.0046 2.31
0.000016 20.97
0.0285 16.09
95% confidence limits:

0.00005
0.3312
0.2767
0.0138

26.9//Dn~56.5/~/Dn

12.29
115.17
209.46

25.26

>.05NS
<.01%*
<.01%*
<.01**
<,01%*

<.01**
<.01**
<.01%*

<.Q1%*
>.05NS
<.01**
<.01**

<.Q1**
<1+*
<.01%*
<.01**

(Continue <)
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TABLE 4 (Continued #t % )

Regression
Coefficients

Standard
error

Partial
F-test

Model IIl: Y =a+byX; +b;X; +b3X;3 + bgDy + bsD,> + bgDn

Xy = City, X, = Sex, X3 =Gestational age in weeks, Dy =Gamma dose, D.r2 =Squared gamma dose,

Dn = Neutron dose
Y = Height (cm)

Sex ) 11.5783
Gestation week 0.0477
Dy —-0.0464
Constant 153.1

Percentage of variation explained: R% =52.2%

Unrelated variables: City, D,Yz, Dn
Y = Body weight (kg)

Sex 5.8120
Gestation week 0.0858
Dy -0.0417
Constant 47.3

Percentage of variation explained: R? = 19.6%

Unrelated variables: City, D.),2 and Dn

Y = Head circumference (cm)

Sex 1.0145
Gestation week 0.0069
Dy ' —0.0147
Dn -0.0722
Constant 541

Percentage of vatiation explained: R®*=14.9%

Unrelated variables: City and D,

Y= Chzest circumference (cm)

Dy —0.00016
City —3.5545
Sex 4.0045
Gestation week 0.0695
Constant 76.9

Percentage of variation explained: R2=254%

Unrelated Variables: D., and Dn

0.3437 1134.60 <.01**
0.0172 7.72 <.01%*
0.0087 28.67 <.01**
0.3892 223.04 <.01%*
0.0194 19.43 <.01%*
0.0098 18.04 <.OL**
0.0916 122.61 <.01%**
0.0046 2.25 >.05N5
0.0026 3271 <.01**
0.0305 <.05%

0.00005 12.29 <.01**
0.3312 11517 <.01**
0.2767 20946 <.01%#
0.0138 25.26 <.01%*

According to Model I, height and body weight
vary significantly with sex, gestational age,
and gamma dose, but are not significantly related
to city and neutron dose. Head circumference
varies significantly with sex, gamma dose, and
neutron dose, but is not significantly related to
gestational age or city. The estimated RBE for
the effect of diminished head circumference is
calculated to be 4.9 (95% confidence limits:
1.8~13.7). Chest circumference varies signifi-
cantly with city, sex, gestational age, and gamma
dose, but is not significantly related to neutron
dose. ’

i0

EFAMTIZESE, BRRURERIIMS, BRRABRY
Fy<mBISL THESRETR TS, BHRA PSS
BRLOOMBFIEZ T W, FEEEHE, 7rvBR
BEUREFERIIML THRELR T, BIEEAR
XEBHEQORFIFRETE . BEREOMBLORE
ICEF 3% RBE X, 4.9 (95% {S#HERH: 1.8~
13.7) LHE S h Tl 3 8BAT, , ERAEmMEU
HrvBBCHLTHEZLTT Y, PETHER
OEFEILHFERT L L.



According to Model II, height varies significantly
with sex, gestational age, gamma dose squared,
and neutron dose. When height is examined in
relation to both kinds of radiation, Model II was
found to explain the data better than either
Model 1 or III. The estimated RBE is calculated
to be 36.6//Dn (95% confidence limits: 21.5/
+/Dn~61.7//Dn). Body weight varies signifi-
cantly with sex, gestational age, and gamma dose
squared, but is not significantly related to city
and neutron dose. Head circumference varies
significantly with sex, gamma dose squared,
and neutron dose, but is not significantly related
to gestational age and city, The estimated RBE
for the effect of diminished head circumference
is calculated to be 39.0/</Dn (95% confidence
limits: 26.9A/Dn~56.5//Dn). Chest circum-
ference varies significantly with city, sex,
gestational age, and gamma dose squared, but is
not significantly related to neutron dose.

According to Model III, height varies significantly
with sex, gestational age, and gamma dose, but
is not significantly related to city, gamma dose
squared, nor neutron dose. Body weight varies
significantly with sex, gestational age, and
gamma dose, but it is not significantly related to
city, gamma dose squared, nor neutron dose.
Head circumference varies significantly with sex,
gamma dose, and neutron dose, but it is not
significantly related to gestational age, city, nor
gamma dose squared. Chest circumference
varies significantly with city, sex, gestational age,
and gamma dose squared, but it is not significantly
related to gamma dose nor to neutron dose.
Thus, Model IIT does not explain the data for
height, body weight, head circumference, and
chest circumference in relation to both kinds of
radiation.

Comparison of Height and Body Weight Between
Age 18 and 35

A check was made on individuals having records
of height and body weight measurements taken
at ages 18 and 35, which included 134 subjects
with a record of height and 140 individuals with
a record of body weight at both ages. Table 5
compares average height and body weight for
paired samples at ages 18 and 35. It appears
that height nearly had aitained a maximum at
age 18, whercas body weight had significantly
increased from age 18 to age 35. This suggests
that body weight had changed with time,
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EFnllicks s, &1, &, KRAR, Frv
BERO_FEUTHIERIBLTEREZERT.
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presumably due to improvements in nutrition,

socioeconomic status, and other factors.

EfoRFicLIBROEBEE LbitBLLAZE
ERELTVIEELNS.

TABLE 5 COMPARISON OF AVERAGE HEIGHT AND BODY WEIGHT
AMONG IN UTERO EXPOSED CHILDREN AND CONTROLS
AT AGES 18 AND 35
#5 MARRRRUHEEOCISEIRLBEFOEERT

EEOFEEOLE
Height

No. of pairs 134
Average height (cm) Age 18 153.4

Age 35 154.0
Statistical test of the difference

t=1.02, P>.05

Body weight
No. of pairs 140
Average body weight (kg) Age 18 54.1

Age 35 610

Statistical test of the difference

t=6.46, P<.001

DISCUSSION

Wood et al' have reported diminished height,
body weight, and head circumference among in
utero exposed children of A-bomb survivors of
Hiroshima and Nagasaki exposed within 1,500m
of the hypocenter. They have suggested that a
general reduction in growth occurred in children
exposed in utero within 1,500m.

It is well known that the two A-bombs differed
considerably in radiation released. Hirpshima
" survivors were exposed to a mixture of gamma
and neutron radiation, but Nagasaki survivors
received largely gamma radiation, with little
neutron exposure ¢ven in the high dose region.
Therefore, it is essential that the effects of
radiation exposure be studied using precisely
quantified estimates of gamma and neutron
radiation, taken separately. The precision of
such estimates is enhanced using fetus dose/
kerma dose conversion factors as reported by
Kerr® in calculating fetal tissue dose, as in the
present study.

QOur analysis is restricted to the four physical
measurements taken at age 18 on in utero
exposed children. We assumed that such
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concomitant factors as nutrition, socioeconomic
status, and others affected all subjects studied
equally, regardless of dose. First we examined
the effects of radiation on these four growth
parameters in relation to total fetus dose, and
second, the effects on growth of gamma and
neutron exposure, taken separately.

The present analysis suggests that average height,
body weight, and head circumference decrease
with increase in dose for both sexes and both
cities, except for height in Nagasaki females.
Variations by dose in head circumference in both
sexes in Hiroshima and chest circumference in
males for both cities were found to be significant.
It appears that variation in head circumference
in Hiroshima is greater in the higher dose
categories. These findings suggest a difference
in effect by city due to difference in radiation
quality as manifested in diminished growth and
development among children who had been
exposed in utero., Three simple, commonly
proposed dose-response models!® were applied
to the data. This analysis clearly demonstrates
that height and head circumference of in utero
exposed individuals decrease as a function of
the neutron dos¢ and the square of the gamma
dose. The estimated RBE values for the effects
of radiation in diminishing height and head
circumference, respectively, are approximately
36.6/~/Dn (95% confidence limits: 21.5/4/Dn~
61.7//Dn) and 39.0/Dn (95% confidence
limits: 26.9/4/Dn~56.5A/Dn). The estimated
dose-dependent. RBE values are quite similar for
both height and head circumference. However,
the present analysis also shows that the head
circumference of in utero exposed individuals
depends linearly on both gamma and neutron
dose. In this instance, the estimated RBE is
calculated to be approximately 4.9 (95%
confidence limits: 1.8~13.7).

Although the average body weight was found to
be significantly lower with increase in dose, the
present analysis failed to produce a significant
dose-response function for gamma and neutron
radiation in relation to body weight under any
of the three models. This is probably due to
the fact that body weight depends more on
nutrition and socioeconomic status than on
dose. It was determined that body weight did
not reach a fixed level at age 18, as shown in
Table 5.
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Principal component analysis was also carried
out for the six variables of height, weight, chest
circumference, sitting height, intercristal diam-
eter, and head circumference for 1,080 subjects,
although we did not show the results of this
analysis in this report. The analysis showed
that approximately 86% of the variations in
growth parameters can be explained by the first
principal component (size factor), together with
the second and third principal components
(shape factors). When stepwise regression
analysis was carried out for each principal
component under the L-L model (Model I), the
Q-L model {Model II}, and the L-Q-L model
(Model 1II), it was discovered that the Q-L
model is the most suitable one for the first
principal component. In this case, the value of
RBE is estimated to be approximately 32.7/4/Dn
(95% confidence limits: 13.4/A/Dn~79:6//Dn).

The reassessment of A-bomb radiation dosimetry
is now in progress.!!"'? It appears that a degree
of uncertainty was recognized regarding both
the quality and the quantity of T65DR system.
Therefore, the data reported here should be
reanalyzed after the reassessment of dosimetry,
since the present report was prepared merely as
a record of our effort.
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