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SUMMARY s
A comparative study to detect possible genetic
effects of atomic bomb radiation on the growth
and development of offspring of A-bomb sur-
vivors was made on a group of junior high school
students 12 to 14 years of age born to exposed
and to nonexposed parents in Hiroshima using as
variables weight, sitting height, and chest
circumference.

With data from offspring born to nonexposed
parents, a regression analysis was made for the
effect of parental age on the weight, sitting
height, and chest circumference of the offspring,
but no statistically significant relation was
observed.

The mean values of weight, sitting height, and
chest circumference of offspring of nonexposed
parents were compared with those of offspring
born to exposed fathers and nonexposed mothers,
of exposed mothers and nonexposed fathers, and
with those of offspring of parents both exposed.
The differences showed no specific tendency
and very few of them were statistically significant.
Next, the variance values were compared, and
some of the differences between the two groups
of offspring were statistically significant; in every
case the variance of offspring of exposed parents
was larger, suggesting a genetic effect due to
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exposure to A-bomb radiation. However, the
sample of offspring born to exposed parents is
small and the parent-offspring correlation is
unknown for want of comparable measurements
on the parents.

INTRODUCTION

Because of the great scientific interest in possible
genetic effects of A-bomb radiation on the growth
and development of offspring of A-bomb sur-
vivors in Hiroshima and Nagasaki, extensive
studies were made during 1948-53.! As a
follow-up, the present authors made comparative
studies on the stature, weight, sitting height, and
chest circumference of senior high school
students between the ages of 15 and 17 and on
the stature of junior high school students between
the ages of 12 and 14 born to exposed and io
nonexposed parents, with respect to the mean
and variance of the offspring and the covariance
and correlation between the parents and off-
spring.™® We report here a similar analysis of
weight, sitting height, and chest circumference
for the same junior high school students, aged
12 through 14.

-

MATERIALS

This analysis concerns weight, sitting height, and
chest circumference measurements of an off-
spring population described previously.‘ Mea-
surements of offspring born to consanguineous
parents or those who are twins, adopted children,
foreign nationals, or who from birth to the time
of this study grew up outside of Hiroshima City
were excluded from this analysis.

RESULTS

Effect of Parental Age

To estimate the effect of parental age on the
weight, sitting height, and chest circumference of
the offspring, the distribution of these variables
of offspring born to nonexposed parents was
analyzed. The means and variances of weight,
sitting height, and chest circumference of the
offspring were obtained by sex and age of
offspring and mid-age of the parents (father’s
age + mother’s age /| 2). The results showed
hardly any effect of parental age (Table 1).

For a closer examination of the data, the
regression of the mean values of weight, sitting
height, and chest circumference of the offspring

MoLEEMBELLEDNS Y, BERBOEE
MEHFPinze, RUBOMERBF 20,
BrMOHBEENT LN TE Lol

# B

B RUEREOGEBRERBEOTFOE HRE (2GS
Bt At B AE FRAB B O TTHEME IC D> VW T Bk %
ML ATE e s 2l A B, TR A T AT19481F
H 51953 FEOMizfThh.! ToBHEKO—oL
LTHES I, MIHBROERUERBRER A5
2z h7-B2rs1TEETORREORR, i,
HERUEEEL, 2&r54EE TOFELEDS K
20T, FOFHEEoME, FimERA:TFLolo
EGMECHBZ Y I>wT BRI 2T 4278
SHIEELHREFTH 512 H 5 14& £ TONE
EoRE, ESECWEZ>OCTRBROGIF LA
OTRET 5.

" H

MiEEFUCER® (5135, FokdE, EHEUTMH
2oV TRIT.1To2. 2EOFKTE, ARHIGER
BThsto, 27, NER, &7, HEA, %
PoEBEERICLATUNORTRELARR
BRokL L.

w R

RO EmR

FOMFE, Eas kMM CRETHOER DY &
HEFA-0cmBERREO TR ERO TR
DOAHIREL BRI LA, FORE, ESRUEWAD
T L EEE TORR, FRIRCEHEROTY
ER(LER+EBER /2)% kb~ Z20&F,
BOFRARIFTLACRO o7 (1),

SOHEZOVWTEIZHRET 520, ME0 T EMR
2t Ao fRE, PE W R UV ER @ 7 E 6 o [0 5y



by mid-age of the parents was analyzed. The
weights of boys of every age all had a minus sign,
otherwise no specific tendency was demonstrated.
In every case, however, the differences from zero

of the regression coefficients were short of
statistical significance (Table 2).
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TABLE 1 MEANS AND VARIANCES OF WEIGHT, SITTING HEIGHT, & CHEST CIRCUMFERENCE
FOR OFFSPRING BORN TO NONEXPOSED PARENTS BY SEX AND AGE OF OFFSPRING AND
MID-AGE OF PARENTS

#1 EERERrSEIhLAFORE, BE, RUKBEO FEYER TR,
TS, FRUNRUCEOELERN
Offspring Mid-Age of Parents
Item Total
Sex Age 30-39 4044 4549 50-54 55+
WEIGHT

Male 12 Number 1491 541 618 237 78 17
Mean 378 38.0 37.7 374 38.2 36.1
Variance 516 585 514 40.3 419 42.2

13 Number 1749 466 744 370 138 31
Mean 427 424 43.1 429 41.7 429
Variance 570 573 57:1 558 525 82.8

14 Number 2091 365 923 535 202 66
Mean 479 47.7 48.1 47.8 47.6 48.6
Variance 539 564 53.7 54.2 50.5 50.2

Female 12 Number 1686 582 693 296 93 22
Mean 393 396 39.2 38.9 395 40.7
Variance 446 47.7 418 45.8 434 42.7

13 Number 1938 503 852 410 136 37
Mean 433 432 43.1 439 43.6 433
Variance 399 423 37.8 404 449 30.7

14 Number 2314 417 996 595 226 80
Mean 46.7 46.8 46.8 46.5 46.6 46.5
Variance 40.7 37.3 41.6 385 50.1 394

SITTING HEIGHT

Male 12 Number 1491 541 618 237 78 17
Mean 78.8 78.9 78.6 78.8 79.4 77.9
Variance 16.5 18.1 16.8 12.7 15.4 13.8

13 Number 1749 466 744 370 138 i1
Mean 82.0 81.9 82.2 82.1 81.6 82.5
Variance 21.2 21.9 21.7 19.3 22.5 15.8

14 Number 2091 365 923 535 202 66
Mean 85.5 85.5 85.7 85.3 85.2 85.8
Variance 17.1 174 16.6 18.0 17.0 15.1

Female 12 Number 1686 582 693 296 93 22
Mean 80.7 80.7 80.7 80.5 80.2 80.7
Variance 139 12.8 14.1 159 134 11.5

13 Number 1938 503 852 410 136 37
Mean 82.7 82.7 82.7 82.8 829 83.4
Variance 10.2 10.3 10.6 9.6 9.6 114

14 Number 2314 417 996 595 226 80
Mean 84.0 842 839 84.0 84.1 84.3
Variance 10.0 93 10.6 10.6 74 8.6
—
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TABLE 1 (Continued #E % )

Offspring Mid-Age of Parents
_ Item Total
Sex Age 3039 4044 4549  50-54 55+
CHEST CIRCUMFERENCE
Male 12 Number 1491 541 618 237 78 17
Mean 69.9 70.0 69.9 69.8 70.3 68.6
Variance 29.7 30.2 30.1 304 20.6 298
13 Number 1749 466 744 370 138 31
Mean 736 731 73.8 74.1 73.2 73.7
Variance 29.1 293 295 278 26.2 38.0
14 Number 2091 365 923 535 202 66
Mean 770 76.9 772 71.0 76.6 771
Variance 274 276 284 258 28.6 219
Female 12 Number 1686 582 693 296 93 22
Mean 718 72.0 715 71.6 722 739
Variance 35.2 355 342 349 40.2 36.3
13 Number 1938 503 852 410 136 37
Mean 748 748 74.6 75.0 753 746
Variance 294 289 294 30.8 30.5 18.1
14 Number 2314 417 996 595 226 80
Mean 773 713 774 771 77.0 77.2
Variance 26.8 26.0 272 26.8 26.8 264

TABLE 2 REGRESSION COEFFICIENT FOR MEAN OF WEIGHT, SITTING HEIGHT,
AND CHEST CIRCUMFERENCE OF OFFSPRING BORN TO NONEXPOSED PARENTS
BY SEX AND AGE OF OFFSPRING
%2 FBBERHIoEETNATORE, Ef, RURBEOTHEIZHT S
B &S, FTOEMEUERS

Age of Male Female
Offspring Constant Slope Test Constant Slope Test
(1) 2) 2)df=3 (@ ) (2) (d.f.=3)
Weight
12 39.3 -.03738 1.11 N.S. 40.2 -.02097 51 NS
13 43.5 —-.01728 32 N.S. 41.6 04056 1.32 N.S.
14 47.9 —.00010 .00 N.S. 47.6 -.02195 1.78 N.S.
Sitting Height
12 8.7 .00094 .04 N.S. 81.6 —-.02393 2,20 N.S.
13 81.9 .00426 19 N.S. 81.8 02186 244 N.S.
14 86.2 —-.01658 78 NS 83.9 .00189 12 NS,
Chest Circumference
12 70.3 —-.00802 .34 NS 71.6 .00304 .06 N.S.
13 72.0 03732 79 N.S. 73.9 .02058 93 NS
14 71.6 -.01317 J2 NS, 78.4 —.02670 220 NS.

Comparison of the Means and Variances of FEELABRBOFLEERHIVE L BOLHE
Weight, Sitting height, and Chest Circumference

between the Offspring of Nonexposed Parents NDFLEOGE, ERRVABOTHEL S MED
and those with both Parents or One Parent

E#®
Exposed
Test of Differences between Offspring of Non- BREELIBBOFEAROIBBOTLEDED



exposed Parents and those with One Parent
Exposed. Although the offspring of exposed
parents should be compared with those of non-
exposed parents by parental exposure dose in
this analysis, owing to the paucity of data, the
comparison was made by dividing the offspring
of exposed parents by parental exposure dose
into those born to parents exposed to 1 rad or
more and those born to parents exposed to less
than 1 rad. The results are shown in Tables 34.

Nonexposed Father X Exposed Mother. In case
of maternal exposure to 1 rad or more, the
means of weight of offspring of this group
compared with those of offspring of nonexposed
parents showed small differences for both bays
and girls, all of which were short of statistical
significance. Variance of weight of offspring of
this group, likewise compared, showed the value
of 13-year-old girls to be larger than that of
offspring of nonexposed parents and the dif-
ference to be statistically significant at the 5%
level, but no other differences showed any
specific tendency and were not statistically
significant. In the case of maternal exposure to
less than 1 rad, the mean values of weight
compared with those of offspring of nonexposed
parents showed for both boys and girls of every
age differences which were not statistically
significant. Variance of weight of offspring of
this group, similarly compared, showed the value
of 13-year-old girls to be smaller and the dif-
ference statistically significant at the level of 5%,
and the value of 14-year-old girls to be larger and
the difference statistically significant at the 1%
level, but the other differences were all small
and not significant,

Next, in case of maternal exposure to 1 rad or
more the mean sitting height of 14-year-old boys
of this group was smaller than that of the off-
spring of nonexposed parents and the difference
was statistically significant at the 5% level, but
the other differences between the two groups of
offspring were remarkably small and again not
significant. Variances of sitting height of 14-
year-old boys and 12-year-old girls of this group
were larger than those of the offspring of non-
exposed parents, and the differences were all
significant at the 5%]level, but the other dif-
ferences were not. In case of maternal exposure
to less than 1 rad, the mean sitting height of
14-year-old boys was larger than that of offspring
of nonexposed parents and the difference was
statistically significant at the 5% level. Other-
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TABLE 3 COMPARISON OF MEANS AND VARIANCES OF WEIGHT, SITTING HEIGHT, &

CHEST CIRCUMFERENCE OF OFFSPRING BORN TO NONEXPOSED FATHER AND
EXPOSED MOTHER VS OFFSPRING BORN TO NONEXPOSED PARENTS

£3 WHEER - BEBOFIAR:LFUROTOKE, B, RU

T o T il R U sl f o e
Parental Exposure
Off
ping Item Father—~ Nonexp.  Nonexp. Nonexp.
Sex Age Test Test
Mother— Nonexp. <lrad (1) : (2) lormorerad (1) : (3)
(1) (2) (3)
WEIGHT
Male 12 Number 1491 169 113
Mean 371.75 36.94 1.37 N&S. 36.92 1.35 NS.
Variance 51.57 53.08 1.03 NS. 38.53 J5 NS.
13 Number 1749 233 125
Mean 42.74 43.12 .73 NS 43.60 129 NS.
Variance 57.01 56.01 98 NS. 51.71 81 NS.
14  Number 2091 275 156
Mean 47.92 4850 1.17 NS. 47.68 .37 NS.
Variance 53.86 60.87 1.13 NS. 60.16 1.12 NS.
Female 12 Number 1686 199 115
Mean 39.30 39.13 .35 NS. 38.69 94 N.S.
Variance 44 .65 43.02 96 NS. 45.30 1.03 NS.
13  Number 1938 239 154
Mean - 43.34 4382 1.01 N.S. 43.52 31 NS.
Variance 39.91 49.24 1.23 P<.05 48.34 121 P<.05
14  Number 2314 311 177
Mean 46.67 47.01 .78 N.S. 4593 1.52 N.S.
Variance 40.73 53.07 1.30 P<.01 38.95 96 NS.
SITTING HEIGHT
Male 12 Number 1491 169 113
Mean 78.76 78.26 1.30 N.S. 78.27 1.29 N.S.
Variance 16.53 23.09 140 P<.05 15.00 91" "N.5:
13 Number 1749 233 125
Mean 82.03 8244 123 NS. 82.52 1.29 NS.
Variance 21.18 23.22 1.10 NS. 16.59 78 NS.
14 Number 2091 275 156
Mean 85.50 86.07 2.01 P<.05 84.70 2.12 P<.05
Variance 17.09 1899 1.11 N.S. 20.90 1.22 P<.0§
Female 12  Number 1686 199 115
Mean 80.65 80.47 .66 N.S. 80.57 .20 N.S.
Variance 13.89 13.08 94 NS. 16.95 1.22 P<.05
13 Number 1938 239 154
Mean 82.73 82.84 47 NS. 82.88 52 NS.
Variance 10.24 LT85 dE50 NiSs 11.79 1.15 NS,
14  Number 2314 311 177
Mean 84.01 83.79 1.05 NS. 83.90 51 NS.
Variance 9.99 1241 1.24 P<.05 7.64 .76 N.S.
CHEST CIRCUMFERENCE
Male 12 Number 1491 169 113
Mean 69.91 69.73 41 NS. 69.50 .86 N.S.
Variance 29.66 28.98 98 NS. 23.20 .78 N.S.
13 Number 1749 233 125
Mean 73.64 73.88 .60 NS. 73.79 .31 NS
Variance 29.07 3287, 113 NS. 27.74 95 NS.
—
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Parental Exposure
Offspring
——— = Item Father+ Nonexp. Nonexp. Nonexp.
Sex Age Test _ Test
Mother— Nonexp. <lrad (1) : (2 lormorerad (1) :(3)
(1) (2) 3)
14  Number 2091 275 156
Mean 77.02 7132 197 P<0S 76.62 91 NS.
Variance 27.40 31.28 1.14 NS. 28.32 1.03 NS.
Female 12 Number 1686 199 115
Mean 71.75 7145 .62 NS. 71.17 1.08 N.S.
Variance 35.20 4200 1.19 P<.05 30.93 .88 NS.
13  Number 1938 239 154
Mean 74.78 7544 1.70 Sugg. 74.63 .28 N.S.
Variance 2942 3255 _LE1T NS 40.65 1.38 P<01
14 Number 2314 311 177
Mean T1Z5 77.20 .15 NS. 76.80 1.12 NS.
Variance 26.80 33.06 1.23 P<.05 26.59 .99 NS.

wise, the differences between the two groups of
offspring were remarkably small and none were
statistically significant. @ Comparison of the
variances of sitting height showed the values for
12-year-old boys and 14-year-old girls born to
nonexposed fathers and exposed mothers to be
larger than those of offspring born to nonexposed
parents and the differences to be sta'tistica]ly
significant at the 5% level. Other differences
between the two groups of offspring were
not significant.

Comparison of chest circumference showed, in
case of maternal exposure to 1 rad or more, the
means for boys and girls of every age to differ
remarkably little from those of offspring of
nonexposed parents and the differences to be
nonsignificant. The variance of chest circum-
ference of 13-year-old girls born to nonexposed
fathers and exposed mothers was larger than that
of offspring of nonexposed parents and the
difference was statistically significant at the 1%
level. Other differences were not remarkable,
In case of maternal exposure to less than 1 rad,
the mean chest circumference of 14-year-old
boys was larger than that of offspring of non-
exposed parents and the difference was statistical-
ly significant at the 5% level, but the other
differences were short of statistical significance.
Comparison of the variances of chest circum-
ference showed the values for 12-year-old and
14-year-old girls to be larger than those of the
offspring born to nonexposed parents and the
differences statistically significant at the 5%
level, but the other differences were not

significant.
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TABLE 4 COMPARISON OF MEAN AND VARIANCE OF WEIGHT, SITTING HEIGHT, AND

CHEST CIRCUMFERENCE OF OFFSPRING BORN TO EXPOSED FATHER AND NONEXPOSED MOTHER

VS OFFSPRING BORN TO NONEXPOSED PARENTS

£4 CEM - BEEBOTLARL LERBOTFORE, EE, KRB O TP RSB L

Parental Exposure
Offspring
Item Father— Nonexp. < 1rad 1 or more rad
Test Test
Sex Age Mother— Nonexp. Nonexp. (1):(2) Nonexp. (1):(3)
(0 2) (3)
WEIGHT
Male 12 Number 1491 88 22
Mean 37.75 39.14 145 NS. 3541 1.81 Suge.
Variance 51.57 78.14 152 P<.01 36.12 .70 NS.
13 Number 1749 81 38
Mean 42.74 41.63 121 NS. 41.31 NS.
Variance 57.01 6546 1.15 NS. 62.97 N.S.
14  Number 2091 112 40
Mean 47.92 46.68 206 P<.05 49.50 1.38 NS.
Variance 53.86 3754 .70 NS. 51.82 96 NS.
Female 12 Number 1686 88 37
Mean 39.30 3799 1.78 Sugg. 40.31 .87 N.S.
Variance 44.65 4541 1.02 NS. 48.89 1.10 NS.
13 Number 1938 101 41
Mean L ~4334 4531 277 P<.01 4408 65 NS.
Variance 39.91 4897 123 NS. 52.83 1.32 NS.
14  Number 2314 138 52
Mean 46.67 46.58 a5 "NS. 47.26 .70 NS.
Variance 40.73 4944 121 NS. 35.99 88 NS.
SITTING HEIGHT
Male 12 Number 1491 88 22
Mean 78.76 7933 1.07 NS. 77.65 1.32 NS
Variance 16.53 2388 144 P<.01 1532 93 NS.
13  Number 1749 81 38
Mean 82.03 81.88 27 NS. 81.24 1.03 NS.
Variance 21.18 2481 TAF'NS: 21.70 1.02 NS.
14  Number 2091 112 40
Mean 85.50 85.65 41 N.S. 85.88 53 N.S.
Variance 17.09 14.29 84 N.S. 20.02 1.17 N.S.
Female 12  Number 1686 88 317
Mean 80.65 7996 1.55 N.S. 80.78 26 NS.
Variance 13.89 16.65 1.20 NS. 8.86 64 NS.
13 Number 1938 101 41
Mean 82.73 82.98 69 N.S. 82.87 23 NS.
Variance 10.24 1269 124 NS. 14.45 141 P<.05
14  Number 2314 138 52
Mean 84.01 84.03 .08 NS. 84 47 1.23 NS.
Variance 9.99 7.90 .79 NS. 7.05 .71 NS.
CHEST CIRCUMFERENCE
Male 12 Number 1491 88 22
Mean 69.91 70.72 1.29 NS. 68.29 1.94 Sugg.
Variance 29.66 33.09 112 NS. 14.91 .50 NS.
13  Number 1749 81 38
Mean 73.64 T2.87 132 NS 72.50 1.24 NS.
Variance 29.07 26.41 91 NS. 31.60 1.09 NS.
—
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Parental Exposure

Offspring
——  ltem  pather— Nonexp. <1 rad 1 or more rad
Sex Age Test e Test
Mother— Nonexp. Nonexp. (1):(2) Nonexp. (1) : (3
(1) 2 3)
14  Number 2091 112 40
Mean 77.02 7648 1.22 NS. 78.30 146 NS.
Variance 27.40 20.49 .75 NS. 30.44 111 NS
Female 12  Number 1686 88 37
Mean 7175 7095 1.35 NS. 72.70 103 NS.
Variance 35.20 28.97 .82 NS. 30.51 .87 NS.
13  Number 1938 101 41
Mean 74.78 76.30 233 P<05 75.29 53 NS
Variance 29.42 4131 140 P<.01 37.09 1.26 NS.
14 Number 2314 138 52
Mean 717.25 76.86 82 NS. 77.88 81 NS.
Variance 26.80 29.78 1.11 NS. 31.14 1.16 N.S.

Exposed Father X Nonexposed Mother.
Comparison of mean and variance of weight of
offspring born to fathers exposed to 1 rad or
more and nonexposed mothers with those of
offspring born to nonexposed parents showed
no significant differences between boys'or girls
of any age. The mean weight of offspring born
to fathers exposed to less than 1 rad, and
nonexposed mothers was, compared with that of
offspring born to nonexposed parents, smaller
in l4-year-old boys and the difference was
statistically significant at the 5% level, and
larger in 13-year-old girls and the difference was
statistically significant at the 1% level. Other
differences were not remarkable, Variance of
weight of 12-year-old boys born to exposed
fathers and nonexposed mothers was larger than
that of offspring born to nonexposed parents
and the difference was statistically significant at
the 1% level, but the other differences were not
significant.

Next, comparison of sitting height between
offspring born to exposed fathers and nonexposed
mothers and offspring born to nonexposed
parents showed, in case of paternal exposure to
1 rad or more, the differences of mean values
between the two groups of offspring to be short
of the statistically significant level for both
boys and girls of every age. Variance of sitting
height of 13-year-old girls born to exposed
fathers and nonexposed mothers was larger than
that of offspring born to nonexposed parents and
the difference was statistically significant at the
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5% level; no other difference was significant.
Comparison of mean sitting height between
offspring born to fathers exposed to less than
1 rad, and nonexposed mothers and offspring
born to nonexposed parents revealed no
significant differences. Variance of sitting height
of 12-year-old boys born to exposed fathers
and nonexposed mothers was significantly larger
(19) than that of offspring born to nonexposed
parents. The other differences were not
statistically significant.

The differences in the means and variances of
chest circumference between offspring born to
fathers exposed to 1 rad or more and non-
exposed mothers and offspring born to non-
exposed parents were short of statistical
significance for both boys and girls of every age,
In case of paternal exposure to less than 1 rad,
both mean and variance of chest circumference
demonstrated no specific tendency, but in 13-
year-old girls born to exposed fathers and
nonexposed mothers the mean was larger
compared with that of offspring born to non-
exposed parents and the difference statistically
significant at the 5% level and the variance was
also significantly larger (1%). Other differences
were not significant.

Comparison between Offspring of Nonexposed
Parents and Offspring with both Parents
Exposed

The means and variances of weight, sitting
height, and chest circumference were obtained
for offspring of nonexposed parents and offspring
of exposed parents by combined dose of both
parents and by sex and age of the offspring
(Table S).

Comparison of Means and Variances

The values of offspring of exposed parents,
divided into those born to parents exposed to
1 rad or more and to parents exposed to less than
1 rad by combined exposure dose of the parents
were compared with the values of offspring of
nonexposed parents (Table 6).

Comparison of the mean values of weight,
sitting height, and chest circumference between
offspring of parents exposed to | rad or more
and offspring of nonexposed parents showed the
values of 12-year-old boys born to exposed
parents to be smaller than those of the offspring
of nonexposed parents and the differences to be
statistically significant at the 5% level. Other-
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TABLE 5 MEANS AND VARIANCES OF WEIGHT, SITTING HEIGHT, & CHEST CIRCUMFERENCE

BY COMBINED EXPOSURE DOSE OF PARENTS
#5 FMOMMMERNOKT, EE, &UCWEOFSM R 5 Bl

Radiation Dose in rad

11

Offspring Non-
S . i Item prosed 1 or more
Sex Age S | 1-9 10-19-  20-39 40-99 100-199 200+ ik
WEIGHT
Male 12 Number 1491 226 37 53 23 33 15 22 183
Mean dose 0.00 0.00 471 1443 27.00 67.18 129.25 644.00 10748
Mean 37.75 37.56 3494 37.67 36.30 3794 3451 36.07 36.54
Variance 51.57 60.99 3356 41.05 50.07 45.75 17.63 89.08 45.72
13 Number 1749 273 74 46 29 32 20 22 223
Mean dose 0.00 0.00 480 14.11 27.69 63.13 14185 38255 67.07
Mean 4274 4282 4145 4367 40.72 4271 4348 4550 4258
Variance 57.01 60.90 5253 5343 7149 51.50 4562 139.38 6344
14 Number 2091 336 79 64 38 46 28 28 283
Mean dose 0.00 0.00 499 14.66 27.18 61.60 141.04 400.62 72.87
Mean 4792 48.13 4861 47.16 47.12 4857 4848 46.90 47.89
Variance 53.86 56.31 60.44 70.33 44,09 43.60 28.08 91.03 57.13
Female 12 Number 1686 246 64 37 21 43 19 19 203
Mean dose 0.00 0.00 485 13.92 29.81 6442 13553 48695 80.65
Mean 39.30 38.94 38.81 40.35 38.75 38.83 38.14 38.83 39.03
Variance 44.65 44 .35 36.25 67.06 47.17 37.24 3791 2897 42.06
13 Number 1938 291 38 53 31 40 19 26 257
Mean dose 0.00 0.00 5.02 14.11 28.19 64.05 13558 467.31 75.26
Mean 43.34 44.00, - 4427 42.72 43.25 43.77 4341 4441 43.70
Variance 3991 4992 4981 53.80 35.20 49.17 80.01 39.39 49.36
14 Number 2314 376 88 59 39 61 33 38 318
Mean dose 0.00 0.00 5.38 15.02 29.69 63.10 139.12 489.21 92.13
Mean 46.67 47.13 46.65 46.95 4643 46.21 47.23 47.81 46.79
Variance 40.73 5261 47.93 37.25 43.16 42.35 41.11 44 67 42.76
SITTING HEIGHT
Male 12 Number 1491 226 37 53 23 33 15 22 183
Mean dose 0.00 0.00 4.71 14.43 27.00 67.18 129.25 644.00 10748
Mean 78.76 78.52 77.09 78.80 7751 78.85 77.28 78.10 78.09
Variance 16.53 23.23 11.65 12.01 22.57 20.06 8.29 28.20 16.43
13 Number 1749 273 74 46 29 32 20 22 223
Mean dose 0.00 0.00 4.80 14.11 27.69 63.13 141.85 1382.55 67.07
Mean 82.03 82.31 8140 82.17 80.32 82.91 82.27 81.91 81.77
Variance 21.18 24,19 27.81 19.58 16.73 18.51 rhs 17.52 21.50
14 Number 2091 336 79 64 38 46 28 28 283
Mean dose 0.00 0.00 4.99 14.66 27.18 61.60 141.04 400.62 72.87
Mean 85.50 85.99 85.14 84.42 85.36 85.35 85.64 84.86 85.06
Variance 17.09 17.91 25.60 1543 17.25 25.34 11.18 21.87 20.16
Female 12 Number 1686 246 64 37 21 43 19 19 203
Mean dose 0.00 0.00 4.85 13.92 29.81 64.42 13553 486.95 80.65
Mean 80.65 80.36 80.83 80.86 80.48 79.89 81.34 80.79 80.64
Variance 13.89 14.13 13.21 15.07 23.59 14.54 12.94 9.46 14.35
13 Number 1938 291 88 53 31 40 19 26 257
Mean dose 0.00 0.00 5.02 14.11 28.19 64.05 13558 467.31 75.26
Mean 82.73 82.75 83.12 82.26 82.35 82.87 82.85 83.42 82.82
Variance 10.24 12.06 11.93 13.98 14.18 12.05 14.04 9.94 12.51
14 Number 2314 376 88 59 39 61 33 38 318
Mean dose 0.00 0.00 5.38 15.02 29.69 63.10 139.12 489.21 92.13
Mean 84.01 83.90 84.11 84.53 84.06 83.99 84,23 85.08 84.29
Variance 9.99 11.46 6.50 759 10.18 11.39 6.72 9.14 841
—_—
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TABLE § (Continued %% )
Offspring . o Radiation Dose in rad
——— m
Sex Age exposed <1 19 1019 2039 4099 100199 200+ ' OTHOT
CHEST CIRCUMFERENCE
Male 12 Number 1491 226 37 53 23 33 15 22 183
Meandose  0.00 000 471 1443 2700 67.18 12925 644.00 107.48
Mean 6991 6992 6794 7002 6923 69.18 6937 6833  69.09
Variance 2966 3029 2477 2519 2736 2626 1417 3348 2558
13 Number 1749 273 74 46 29 32 20 2 223
Meandose 000 000 480 1411 2769 63.13 14185 38255  67.07
Mean 7364 7372 7259 7430 7225 7241 7393 7357 73.09
Variance 29.07 3323 2726 25.10 44.06 3472 1502 28.00 29.03
14 Number 2091 336 79 64 38 46 28 28 283
Meandose  0.00 000 499 1466 2718 6160 141.04 40062 7287
Mean 7702 7749 7766 7662 7604 7687 1740 76.11 7690
Variance 2740 2878 2553 3874 2962 2310 2153 3708 2927
Female12 ~ Number 1686 246 64 37 21 43 19 19 203
Meandose  0.00  0.00 485 1392 2981 6442 13553 48695  80.6S
Mean 7175 7137 7091 7292 7190 7189 70.06 7098 7151
Variance 3520 3881 2525 4435 2131 3097 1518 2429  28.60
13 Number 1938 291 88 53 3 40 19 26 257
Meandose  0.00 000 502 1411 2819 6405 13558 46731  75.26
Mean 7478 7546 7512 7411 7505 7521 7452 7495 7485
Variance 2942 3586 4604 3464 2261 3741 4569 2786 3714
14  Number 2314  376-~ 88 59 39 61 13 8 318
Meandoss  0.00 000 538 1502 2969 63.10 139.12 48921 92.13
Mean 7725 7739 7752 7730 71.10 7697 7713 7821 7137
Variance 2680 3340 3336 2672 2865 2729 2147 3489 29.02

wise, however, the differences between the two
groups of offspring were, for both boys and
girls, very small and not statistically significant.

Comparison of the variances for weight, sitting
height, and chest circumference of the offspring
of exposed parents with those of the offspring of
nonexposed parents showed the variances of
weight of 13-year-old girls, of sitting height of
13-year-old girls and 14-year-old boys, and of
chest circumference of 13-year-old girls to be
larger and the differences statistically significant
at the 5% level, but the other differences were
not remarkable.

Comparison of the means of weight, sitting
height, and chest circumference between off-
spring of parents exposed to less than 1 rad and
offspring of nonexposed parents showed the
mean of sitting height of 14-year-old boys born
to exposed parents to be somewhat larger than
that of the offspring of nonexposed parents and
the difference statistically significant at the 5%
level, but otherwise the differences were very
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TABLE 6 COMPARISON OF MEANS & VARIANCES FOR NONEXPOSED PARENTS
VS <1 RAD PARENTS AND NONEXPOSED PARENTS VS 1 OR MORE RAD PARENTS

#6 MMELIERBOTLHEEOMMBES] radskilio F, REHEME L EHBRO
F & WO R E AT rad LIE©F 0 &8 E P R 055 Ml ot
Offspring Nonexposed vs < 1 rad Nonexposed vs 1 or more rad
Sex Age Nonexp. <1 rad Test Nonexp. 1 0:;:0“ Test
MEANS
Weight
Male 12 37.75 37.56 .34 NS. 37.15 36.54 227 P<.05
13 42,74 42.82 .16 NS. 42.74 42.58 .28 NS.
14 47.92 48.13 .50 NS. 47.92 47.89 .06 NS.
Female 12 39.30 38.94 .79 NS 39.30 39.03 56 NS.
13 43.34 44.00 151 NS. 43.34 43.70 .78 NS.
14 46.67 47.13 1.16 NS. 46.67 46.79 31 NS.
Sitting Height
Male 12 78.76 78.52 71 NS. 78.76 78.09 2.11 P<.05
13 82.03 82.31 88 NS. 82.03 81.77 279" NS.
14 85.50 85.99 198 P<05 8550 85.06 1.56 NS.
Female 12 80.65 80.36 1.13 NS. 80.65 80.64 04 NS.
13 82.73 82.95 .09 NS 82.73 82.82 39'NS.
14 84.01 83.90 59 NS 84.01 84.29 1.60 NS.
Chest Circumference
Male 12 69.91 69.92 .03 NS 69.91 69.09 205 P<.05
13 73.64 7372 =T 32 NS. 73.64 73.09 144 NS.
14 77.02 77.49 150 NS. 77.02 76.90 35 NS.
Female 12 71.75 71.37 80 NS. 71.75 7151 .60 NS.
13 74.78 75.46 1.83 Sugg. 74.78 74.85 .18 NS.
14 77.25 77.39 44 NS 77.25 77:37 A7UNS,
VARIANCES
Weight
Male 12 51.57 60.99 1.18 P<.05 51.57 45.72 .89 NS.
13 57.01 60.90 1.07 N.S. 57.01 63.44 1.11 NS.
14 53.86 56.31 1.05 NS. 53.86 57.13 1.06 N.S.
Female 12 44.65 44.35 99 NS. 44.65 42.06 94 NS.
13 39.91 49.92 1.25 P<.01 39.91 49,36 1.24 P<.05
14 40.73 52.61 1.29 P<01l 40.73 42.76 1.05 N.S.
Sitting Height
Male 12 16.53 23.23 141 P<.01 16.53 16.43 99 NS.
13 21.18 24.19 1.14 N.S. 21.18 21.50 1.02 N.S.
14 17.09 17.91 1.05 N.S. 17.09 20.16 1.18 P<.05
Female 12 13.89 14.13 1.02 N.S. 13.89 14.35 1.03 N.S.
13 10.24 12.06 1.18 P<.05 10.24 12.51 1.22 P<.05
14 9.99 11.46 1.15 NS. 9.99 8.41 .84 N.S.
Chest Circumference
Male 12 29.66 30.29 1.02 NS. 29.66 25.56 .86 N.S.
13 29.07 33.23 1.14 NS. 29.07 29.03 1.00 NS.
14 27.40 28.78 1.05 N.S. 2740 29.27 1.07 N.S.
Female 12 35.20 38.81 1.10 N.S. 35.20 28.60 .81 NS.
13 29.42 35.86 1.22 P<O0O5 2942 37.14 1.26 P<.05
14 26.80 3340 1.25 P<05 2680 29.02 1.08 NS.

13
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small between the two groups of offspring and
not significant. Variances of weight of 12-year-
old boys and 13- and 14-year-old girls, of sitting
height of 12-year-old boys and 13-year-old girls,
and of chest circumference of 13- and 14-year-
old girls were larger than those of the offspring of
nonexposed parents and the differences were
statistically significant at the 1%-5% level.
Other variances of offspring of exposed parents
tended to be larger than those of the offspring of
nonexposed parents, but the differences were
short of the statistically significant level.

Weighted Regression
Dose of both Parents
Weighted regression analysis by combined dose
of both parents was made by age and sex of
offspring. The analysis was made in two ways,
one considering the exposure dose of nonexposed
parents to be 0 rad and the other excluding the
nonexposed group. Further, all offspring of
parents exposed to less than | rad were excluded
from the analysis because the estimated radiation
dose of such parents is treated as 0 rad. The
results of the analysis are shown in Table 7.

Analysis by Combined

Both with the offspring of nonexposed parents
included and with them excluded, the regression
coefficients for the mean values of weight and
sitting height of 14-year-old girls were positive
and statistically significant at the level of 5%,
but the regression coefficients for other mean
values were almost all short of statistical
significance. The regression coefficients for the
variances presented no specific tendency, and
only a very few of them were statistically
significant. The regression coefficients for the
variances of weight of 13-year-old boys with
inclusion of offspring of nonexposed parents and
of weight of 12- and 13-year-old boys with
exclusion of offspring of nonexposed parents
had a plus sign and were all statistically signifi-
cant at the level of 5%. As above, the signs of
the regression coefficients on the combined dose
of both parents for the means and variances of
weight, sitting height, and chest circumference
of offspring did not necessarily present a fixed
tendency, nor was there any point of im-
portance which particularly posed a problem
from the viewpoint of statistics.

DISCUSSION
It has been reported®'® that the parent-offspring
correlation for anthropometric measurements is
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TABLE 7 REGRESSION COEFFICIENT OF WEIGHT, SITTING HEIGHT, AND CHEST CIRCUMFERENCE
OF OFFSPRING BY COMBINED DOSE GROUP & PARENTAL EXPOSURE STATUS

#£7 RO BEMEERECEERENO FoERE, HH, &R OB X

Offspring Nonexposed & Exposed Parents Exposed Parents
Sex Age Constant Slope T-Test {(d.f=5) Constant Slope T-Test (d.f.=4)
BY COMBINED DOSE GROUP
Weight

Male 12 37.60 —0.00493 1.06 N.S. 36.37 —0.00134 0.34 NS.
13 42.68 0.00583 1.18 NS. 41.98 0.00964 201 NS.
14 47.93 —0.00046 0.18 NS. 48.09 —0.00123 041 NS.

Female 12 39.27 —0.00149 1.11 NS. 38.97 —0.00063 045 NS.
13 43.36 0.00225 1.51 NS. 43.59 0.00159 1.00 NS.
14 46.66 0.00222 293 P<.05 46.57 0.00249 296 P<.05

Sitting Height

Male 12 78.68 —0.00180 0.74 NS. 78.03 —0.00008 0.04 NS.
13 82.00 0.00008 0.03 NS. 81.68 0.00133 049 NS.
14 85.46 —0.00126 0.68 NS. 85.01 0.00064 0.39 NS.

Female 12 80.65 0.00027 0.28 NS. 80.64 0.00029 0.26 NS.
13 82.73 0.00140 1.72 NS. 82.74 0.00137 147 NS.
14 84.02 0.00210 3.72 P<05 84.14 0.00175 3.08 P<05

Chest Circumference

Male 12 69.84 —-0.00263 139 NS. 69.24 -0.00121 0.72 NS.
13 73.59 —0.00021 0.08 NS. 73.10 0.00183 0.65 NS.
14 77.03 -0.00169 .- 0.90 NS. 7712 —0.00209 096 N.S.

Female 12 71.72 —0.00250 1.18 N.&S. 7144 —0.00160 0.68 N.S.
13 74.78 0.00040 040 N.S. 74.83 0.00027 0.24 N.S.
14 77.24 0.00150 227 Suge. 77.18 0.00172 2.30 Suge.

BY PARENTAL EXPOSURE STATUS
Weight

Male 12 50.31 0.04875 1.73 N.S. 37.08 0.07628 3.87 P<.05
13 56.34 0.17648 3.87 P<.05 49.09 0.20538 438 P<.05
14 53.83 0.05594 147 NS 5343 0.05745 1.04 N.S.

Female 12 44.73 —0.03433 1.17 NS, 45.61 —0.03715 1.12 N.S.
13 40.93 0.01794 049 NS. 50.97 —0.01327 043 NS.
14 40.94 0.00778 0.81 N.S. 43.05 0.00157 0.16 N.S.

Sitting Height

Male 12 16.31 0.01686 1.86 N.S. 14.00 0.02166 2.35 Sugg
13 21.31 ~0.01371 1.00 N.S. 22.65 —0.01908 1.26 N.S.
14 17.39 0.00938 0.52 NS. 20.54 -0.00278 0.15 N.S.

Female 12 14.02 —0.00738 0.86 N.S. 15.48 —0.01199 1.33 N.S.
13 10.49 0.00207 0.30 N.S. 13.04 —0.00583 1.84 NS,
14 9.83 —0.00243 044 N.S. 8.21 0.00235 0.47 N.S.

Chest Circumference

Male 12 29.20 0.00208 0.20 NS. 24.34 0.01221 1.68 N.S.
13 29.12 —0.00780 0.33 NS. 29.74 —-0.01024 0.38 N.S.
14 27.50 0.01580 0.81 NS. 28.58 0.01165 0.52 N.S.

Female 12 34.76 —0.03245 1.32 NS 29.83 -0.01682 0.68 NS.
13 30.34 0.00498 0.17 N.S. 3940 -0.02319 1.02 NS.
14 26.97 0.01278 131 NS 28.59 0.00798 0.76 NS.

15
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not constant throughout the period of growth of
the offspring, but that it follows a nonlinear
pattern. As is generally known, at the junior
high school age of 12-14 years the amount of
annual growth is especially remarkable compared
with that at other ages, the variance is also
larger, and the parent-offspring correlation is
markedly lower. This is also indicative of
susceptibility to the effects of environmental
factors.

In view of the reported correlation between
anthropometric values of offspring and parental
age at the time of birth, this point was considered
in the regression analysis of the weight, sitting
height, and chest circumference of children 12
to 14 years of age by using the mean values of
weight, sitting height, and chest circumference
of offspring of nonexposed parents by the mid-
age of those parents, but no statistically signifi-
cant relation was found (Table 2).

Next, a comparative study was made of the
means and variances of weight, sitting height,
and chest circumference of offspring of the
nonexposed parents and those of the-exposed
parents, Comparison with regard to offspring
with only one parent exposed and offspring of
nonexposed parents showed very few of the
differences to be statistically significant, and
the differences between the two groups did not
necessarily present a specific tendency. How-
ever, in all cases where the differences of
variance values between the two groups of
offspring were statistically significant, the values
of those offspring with one parent exposed were
larger. Because exposure of the mother to
A-bomb radiation might create a greater genetic
effect, analysis of offspring born to exposed
fathers and nonexposed mothers and of off-
spring born to exposed mothers and nonexposed
fathers was made.

Of the differences that were statistically signifi-
cant, those of the means did not necessarily
present any specific tendency, but of the dif-
ferences in variances, 4 were of offspring born
to exposed fathers and nonexposed mothers and
10 were of offspring born to exposed mothers
and nonexposed fathers. In an analysis of data
on offspring with both parents exposed, com-
parison was made of the means of weight,
sitting height, and chest circumference by age
and sex of offspring with both parents exposed
and offspring of nonexposed parents, and the
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results showed only a very few statistically
significant differences between the two groups
of offspring.

Of the 36 differences in variances between the
two groups of offspring, 11 were statistically
significant, and in every case the variance of
offspring of exposed parents was larger. Further,
in the analysis of regression to exposure dose of
the means and variances of weight, sitting
height, and chest circumference of offspring,
differences from zero of regression coefficients
of a statistically significant level, though very
few, all had a plus sign.

As described above, a comparison was made of
the means and variances of weight, sitting height,
and chest circumference between offspring of
exposed parents and offspring of nonexposed
parents, and the results showed the differences
in means between the two groups of offspring
which were of a statistically significant level to
be very few and showed no specific tendency.
As reported,®!® changes in means were more
often due to environmental factors, and hence,
even if differences in means should be found
between the two groups of offspring, i “would
not be appropriate to attribute this to A-bomb
radiation per se. If there should be any
genetic effects at all of A-bomb radiation, the
effects could be expected to appear in the
variances of offspring and the parent-offspring
correlation.

Although these findings cannot completely
negate genetic effects of A-bomb radiation, the
study sample of offspring born to exposed
parents was not large, more of the differences
were short of the statistically significant level,
and comparable measurements were not available
for the parents although parent-offspring cor-
relation should also have been considered in
order to support the presence of genetic effects
of A-bomb radiation. We should be discreet
therefore in speaking about genetic effects of
A-bomb radiation from just these results alone.
We have not gone beyond presenting the results
of the analysis here as it is planned to analyze
the data on 6- to 1l-year-old children of
Hiroshima in the near future and at that time to
review the data on 6- to 17-year-old children.

17

RERF TR 1-80

EUMBoOESHMOkE T 2588, milEMoE
FEHHNARKBIIRET 303 I —#TH- L.

FA-AMACEERMOEN KHMAEEARRIZE
T301RDIBNTHN, s BHRBBOTO
aEoAFOFhLkEw. &5, TOMHER, ES
RUMBEOFHM L rREOBRBRE R O R
T, ORERDOH»S5DOEFHHBAEE KNI E
FT3NRVTFhETL —BTHhoLHF, WTFhEED
et b-oTwVA,

PEoZE 4, B L EERBEOTFOKE, ER
T U AT o - X6l & 53 BOE 125 v TR & I A
oA, TR I o T 0 22 AT R (0 AT R K 12 R
TENEZL —ETHD, LSS EBT LE—E
OMmAERE £v, BRECEELALIC, MY P
EADTEMIRMMER - LABEOHEINE(, L
o TRIZEE Mo PEEICEZFRohLELTYE,
B ItHBRMNBOL ICL2BEELHETIZ LU
T240THAIH. & LERRHEIZ L 5 0(EME
SE¥scethiE, CLATOGFECHAFHMOEM
G CHRMICEE T LEFENS.

ChoOMREBLET, EREFESCLIBENE
BHE v Eisvsrilhzund, RO
FATEHHEL LT L b EnEEZ 2T, o E KM
BRI ETSL0L I(—8THD, W2
B MO & A REAREE B 2 C MW
OMBEZ>WTEFFITHFT~ETH DN, FiF
HersizonwtdllEashtwiy, LT
IRETORERD 5SRO RI LA RMIEE &
HUAZLIIMb~NETHS S, SHRIKEO6 —11i
DEEIZODVTLEL(FIRETITETHSDT,
Z2OBEHTE—1TEORH oL THEMIZHERY
TATETHA0T, *BESTUTREREEN
Bz B,



RERF TR 1-80

10.

1 18

REFERENCES
EEVH

NEEL JV, SCHULL WI: The Effect of Exposure to the Atomic Bombs on Pregnancy Termination in

Hiroshima and Nagasaki. Washington DC, National Academy of Sciences-National Research Council,
Publication 461, 1956

FURUSHO T, OTAKE M, TANAKA K: Genetic effect of atomic bomb radiation on growth of stature of
the Fy generation (I). Jpn J Hum Genet 49:290, 1974

FURUSHO T, OTAKE M: Genetic effect of atomic bomb radiation on growth of stature of the Fy
generation (1I). Jpn J Hum Genet 20:66, 1975

FURUSHO T, OTAKE M, TANAKA K: Genetic effect of atomic bomb radiation on physical develop-
ment. I11. Effects on weight, chest circumference, and sitting height of offspring 15-17 years of age. JpnJ
Hum Genet 20:276, 1976

FURUSHO T, TANAKA K, OTAKE M: Genetic effects of atomic bomb radiation on stature. III.
Results of analysis of data on 12- to 14-year-old children. Jpn J Hum Genet 23:306, 1978

FURUSHO T, OTAKE M: A search for genetic effects of atomic bomb radiation on the growth and
development of the F; generation. 1. Stature of 15- to 17-year-old senior high school students in
Hiroshima. RERF TR 4-78

FURUSHO T, OTAKE M: A search for genetic effects of atomic bomb radiation on the growth and
development of the F; generation. 2. Body weight, sitting height, and chest circumference of 15- to 17-
year-old senior high school students in Hiroshima. RERF TR 5-78

FURUSHO T, OTAKE M: A wm‘h for genetic effects of atomic bomb radiation on the growth and
development of the F; generation. 3. Stature of 12- to 14-year-old junior high school students in
Hiroshima. RERF TR 14-79

FURUSHO T: On the manifestation of genotypes responsible for stature. Hum Biol 40:437-55, 1968

FURUSHO T: Genetic study on the stature increase after World War II. Jpn J Hum Genet 18:147-86,
1973

FURUSHO T: Relationship of the stature of children with birth order, paternal age, and maternal
age. Jpn J Hum Genet 9:175-180, 1964

18



