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SUMMARY

In a search for possible genetic effects of atomic
bomb radiation on the growth and development
of offspring of A-bomb survivors a survey was
made in 1965 on approximately 200,000
children of all primary schools, junior high
schools, and senior high schools in the cities of
Hiroshima and Nagasaki. Of the collected data,
those pertaining to senmior high school students
15 to 17 years of age of Hiroshima City were
analyzed to determine if there was any genetic
effect of A-bomb radiation on stature.

Comparisons were made with regard to the mean
stature and variance of the offspring and the
covariance and correlation between one parent
or the sum for both parents and offspring for the
exposed group and the nonexposed group. The
observed differences included those with both
positive and negative signs, but none were
statistically significant nor did they demonstrate
any specific tendency. A comparison was made
with a similar study reported by Neel and Schull.
Furthermore, estimation of the regression
coefficients of the mean stature, variance,
covariance, and correlation between one parent
or the sum for both parents and offspring by
parental radiation dose also did not show any
specific tendency.
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Though the genetic effects of A-bomb radiation
on stature could not be accurately estimated in
the current series of analyses, the stature data of
6- to 14-year-old children in Hiroshima and those
of 6- to 17-year-old children in Nagasaki will
soon be studied, which should permit a more
comprehensive and extensive analysis and
evaluation of the possible genetic effects of
radiation on stature.

INTRODUCTION

Mukai! has reported that in experimental animals
that the genetic effects of radiation on the
quantitative characters governed by polygenes
are markedly greater than those governed by
major genes. It is assumed that this also applies
to man.,

The recent advances in science and technology
coupled with a greater peaceful ufilization
of atomic energy have increased the risk of
human populations being exposed to radiation,
and consequently the potential degenerafion of
man’s genetic composition. These have made
accurate estimation of the genetic effects of
radiation on man an increasingly urgent and vital
problem. As experiments cannot be made on
man, little evidence is available on the genetic
effects of radiation on man.

Thus far only Neel and Schull® have made an
intensive investigation on the possible genctic
damage in Hiroshima and Nagasaki., They
investigated sex ratio, malformation, stillbirths,
neonatal deaths, deaths within 9 months after
birth, weight at birth, anthropometric and other
values for 76,626 children born in Hiroshima and
Nagasaki between 1948 and 1954. This study,
made at great cost and on the greatest scale ever
attempted for a study of its kind, did not demon-
strate any significant differences in the observed
variables between the offspring of exposed
parents and their controls, but it was possible to
estimate the maximum sensitivity of human
genes, Ahuja et 21° made a study of six quanti-
tative dermatoglyphic traits, including total finger
ridge count, in residents of Kerala district in
India, where natural background radioactivity is
high, and compared them with a control popula-
fion. They observed that while the mean values
did not necessarily show a definite tendency, the
variance was smaller in the exposed group for all
characters, and very careful consideration was
given to this point.
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It is pointed out that in both of these studies
1) no clinical investigation was made on the
parents, 2) the exposure doses were not accurately
determined, and 3) the effect of parental age
which is of particular importance to quantitative
characters was not fully taken in account.

MATERIALS

The height, weight, chest circumference, and
sitting height were measured in April 1965
for some 200,000 students of 199 public and
private primary schools and junior and senior
high schools in Hiroshima and Nagasaki. Further,
through these school children gquestionnaires
were sent to their parents, from whom detailed
answers were obtained concerning the date,
place and order of birth, and history of develop-
ment of their children. For the parents the date
and place of birth, date of death, occupation,
date of marriage, consanguinity, height, and
A-bomb exposure status were recorded; that is,
place of exposure and distance from hypocenter
if exposed, and date and place of enfry into
Hiroshima or Nagasaki if not exposed.

However, some information obtained by the
questionnaires was incomplete, so efforts were
made to improve the accuracy and completeness
by referring to and making the maximum use of
the data and koseki records available at various
governmental offices including the City Office
and the Prefectural Office.

Of paramount importance to the present study
was identification of the exposure status of the
parents and, if exposed, the accurate estimation
of the individual exposure dose. For the latter,
the tentative 1965 dose estimates of RERF were
used.

Only the height of 15-17 year old children in
Hiroshima was used in the present study and the
subjects were confined to those who from birth
to the time of the survey resided in Hiroshima
City, excluding offspring of parents of consan-
guineous marriage, foreign nationals, twins,
adopted children, and offspring of parents
exposed in Nagasaki.

The stature measurements of the parents given in
the questionnaire were found to be of very high
reliability through a study of 679 subjects one
or both of whose parents were Adult Health
Study sample members.
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RESULTS

Mean Stature of Parents and Offspring, Variance,
Covariance, and Correlation Coefficient by Age
and Sex of Parents and Offspring

The mean parental stature tehds to decrease
gradually with age, which is natural, but within
the same age the mean stature of children seems
to be practically unrelated to parental age.
However, according to some reports there is a
significant relation between parental age and
mean stature and correlation coefficient of
parent and offspring for parental age by age and
sex of the offspring.

The number of subjects in the present study was
large and the reliability of the collected data is
felt to be comparatively high. The regression
coefficients of the mean paternal and maternal
stature on paternal and maternal age for all sex
and age classes of the offspring were all negative
and almost all were statistically significant.
However, hardly any of the regression coefficients
of the mean stature of offspring of the same age
classes on parental age were significant for either
sex. This indicates that the stature of the
offspring is not related to parental age at the
time of their birth. Many of the regression
coefficients of the Z transforms of the parent-
offspring correlation of stature on parental age
were negative, but few were statistically signifi-
cant. A similar tendency was also observed in
general when a similar examination was made by
the average age of the nonexposed parents.

Analysis was made for the groups where both
parents were exposed, the father only was
exposed, and the mother only was exposed. The
number of subjects in each of these groups was
less than that of the nonexposed group, but the
tendency seemed to be similar to that in the
nonexposed group.

Mean Stature of Offspring, Variance, Covariance,
and Correlation Coefficient by Parental Dose

In Case of Additive Parental Dose. Table 1
presents the estimates of mean stature, variance,
covariance and correlation coefficient of stature
by combined dose of both parents and by age
and sex of offspring.

Test of Difference Between Offspring of Exposed
Parents and Offspring of Nonexpaosed Parents. In
this analysis, the exposed group should be
compared with the nonexposed group by parental
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dose, but because of the paucity of data for the
exposed group, comparison with the nonexposed
group was made here by dividing the exposed
group into two groups by additive parental dose
of 1 rad or more and less than I rad. The resulfs
are shown in Table 2.

First, comparison between the 1r1ad or more
_ group and the nonexposed group showed the
mean value to be greater in the exposed group in
every age class in both males and females, but the
difference was statistically significant in only a
very few instances. The differences in the
variance, covariance and correlation showed no
fixed tendency between the exposed group and
the nonexposed group, and many of these
variance ratios and differences of correlations
were not statistically significant.

In the comparison between the less than 1 rad
group and the nonexposed group, the mean was
greater in the exposed group in all cases except
for 16-year-old girls and was statistically signifi-
cantly higher in 16- and 17-year-old boys and
17-year-old girls of the exposed group. The
differences in the variance, covariance, and
correlation showed no fixed tendency between
the exposed group and the nonexposed group.

Weighted Regression Analysis for Additive
Parental Dose. A weighted regression analysis
was attempted for the combined dose of both
parents by age and sex of the offspring. The
analysis was made in two different ways, one
using O rad as the dose for the nonexposed group
and the other excluding the nonexposed group.
Further, all subjects in the less than 1 rad group
were excluded because the RERF dose estimates
ate treated as Orad for them. The results of
analysis are shown in Table 3. The regression
coefficients of mean, variance, covariance, and
correlation coefficient for the combined dose of
both parents did not show any specific trend,
and very few were significant in the relationship
on means and correlation coefficients. For
17-year-old boys, the regression coefficients fell
short of a significant level, almost all being
negative.

Test of Assortative Mating. Absoclute assortative
mating seldom occurs in man, but if if should
occur to some extent, the estimates of covariance
and correlation coefficient between parent and
offspring and between sib-pairs obtained for such
mating should be higher than the estimates
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obtained with the same genetic structure for a
lineage from random mating.

Let the correlation of height between father and
mother be rpp, the covariance between the sum
of both parents and the child, Wgipm.0, the

correlation coefficient, rpym.0, Vvariance of-

offspring, V,, and variance of the sum of both
parents, Vgs+nm - Then the formula to exclude the
effect of correlation of height between father
and mothet can be expressed by:

TF+M-O

*RMO = ———
(1 +rpm)

W* = T*F+M-O' VO'VF+M

Substitution of the estimates obtained from
Table I and the correlation of height between
father and mother in the above expression gave
the results shown in Table 4.

Compared with the previous results where no
moedification was made (Table 1), there was a
good resemblance of trend, though a small
number of exceptions occur. However, the
frequency of assortative mating seemed to be
higher in the exposed group than in the non-
exposed group.

Between Sib-Pairs. Siblings (brother-brother,
brother-sister, sister-brother, sister-sister) were
extracted from the exposed and nonexposed
groups and their mean height, variance, covari-
ance, and correlation coefficient were sought.
Because the covariance and correlation coeffi-
cient between sib-pairs are affected by the
correlation between parents, the following
formula was used to exclude this effect and the
results were as shown in Table 5.

r*ooaz

W*oo'=

The age combinations among siblings which can
be obtained here are 17-16 vears, 17-15 years,

and 16-15 years, of which the greatest number of
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cases are found in the combination 17-15 years,
However, data for the exposed group are few,
which presumably would pose a problem in
making a comparative study. As a tendency, the
covariance and correlation coefficient between
sib-pairs show estimates which are smaller for
brother-brother and brother-sister and larger
for sister-brother and sister-sister in the exposed
group as compared with the nonexposed group.
In any case, nothing conclusive can be said
because the number of cases is small.

In Case One Parent was Exposed. Tables 6 and
7 show by age and sex of offspring the mean
height and variance by exposure dose of one
parent in case one was exposed and the other was
not exposed. Also shown is the covariance and
correlation coefficient between parent and
offspring, the correlation between parents, and
the covariance and correlation between parent
and offspring modified by correlation between
parents.

Test of Difference Between Group with Either
Father or Mother Exposed and Nonexposed
Group. Again, because of the small number in
the exposed group, the group with one parent
exposed was divided into two groups according
to dose, (1 rad or more and less than 1 rad) and a
test was made of the differences with the non-
exposed group (Tables 8-11).

Father only exposed: The mean stature of the
offspring was lower in the exposed group than
the nonexposed group for all ages and both
sexes, but none of the differences were statisti-
cally significant. The variance ratio showed no
specific tendency, but where the ratio was
statistically significant, the variance was almost
always larger in the exposed group, both the
1 rad or more and less than 1 rad groups, than
in the nonexposed group. Although it was
expected that the sign of the differences in the
father-offspring (FO) covariance (Wpq, W¥*pg )
between the exposed group and the nonexpaosed
group would be negative, it was positive in many
cases. The father-offspring correlation (rgo,
r*ro ), like covariance, was also expected to be
negative, but was more often positive and few
differences of correlation coefficients were
significant. The mother-offspring (MO) covari-
ance (Wypo , W*Mmo Yand correlation (tvo , ©*Mo )
showed the same tendency as between father and
offspring.
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Mother only exposed: The mean stature in any
age and either sex was almost always higher in
the exposed group than in the nonexposed group,
and only the difference between the less than
1 rad group and nonexposed group was statisti-
cally significant in 16- and 17-year-old boys and
15-yvear-old girls. No specific tendency was seen
in the variance, and very few ratio values wese
statistically significant. The father-offspring
covariance (Wgo, W*pg ) and comrelation (rro,
I*rg) and the mother-offspring covariance
(Wpmo, W*Mo) and correlation (rmo, r™mo)
showed almost the same tendency as in the case
where only the father was exposed.

Weighted Regression Analysis for Exposure Dose
of One Parent by Combination of Exposed and
Nonexposed Parents. A weighted regression
analysis was attempted for the dose of one
parent by combination of exposed parent and
nonexposed parent (father exposed X mother
not exposed; father not exposed X mother
exposed) and by age and sex of the offspring.
Here also, the analysis was made in two different
ways, one using and the other excluding the dose
(0 rad) of the nonexposed group. Further, all
cases exposed to a dose less than 1 r1ad were
excluded. The results show that few regression
coefficients were significant (Tables 12-13),
Among them, the regression slope of mean height
of the child for parental dose had a negative sign,
but the correlation coefficient had a positive
sign in many cases. Further, it cannot be said
that the respective regression coefficients
necessarily showed a specific tendency according
to the combination of parents (father exposed
X mother not exposed; father not exposed X
mother exposed).

DISCUSSION

Numerous earlier reports have established that
gquantitative characters under the control of
polygenes are readily influenced by environ-
mental factors. While this can be expected for
stature also, the heritability of stature as reported
by Furusho® is h% = 0,66~ 0.85, which is markedly
high for the heritability of 2 human quantitative
character. Further, all studies since the report by
Galton in 1886 have shown a high correlation
between the stature of parents and their offspring,
based upon measurements at maturity, which
suggests that the genotype contributes largely to
stature.
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Although the present study was made on stature
which is regulated by polygenes, it is possible
that such abnormalities as gigantism and dwarfism
due to major genes or chromosome aberrations
may be included at both extremities of the
distribution of stature. Most of these abnor-
malities, however, are accompanied by mental
refardation or physical deformities, and since
the data used in the present study were obtained
from ordinary senior high schools where such
abnormalities are mostly excluded at time of
the entrance examinations, almost all of the
data probably pertain to stature as regulated by
polygenes.

The data analyzed here were obtained on senior
high school. students between the ages of 15 to
17. The entrance examinations® to senior high
schools introduce certain limitations on scholastic
ability and sociceconomic status - the rate of
advancement from junior high schools to senior
high schools at the time of this survey was about
80%. In this sense, the data on senjor high
school students can be considered somewhat
more uniform than those on pupils of primary
and junior high schools as regards socioeconomic
factors.

The possible presence of a dominant gene action
upon the polygenic system governing stature
should be taken into consideration because it
may influence the results of the comparison of
stature between the exposed and nonexposed
groups. Furusho® ® reported that a comparison
of the parent-offspring correlation (rpg) and the
sib-sib correlation (rop’) for stature had shown
relation of rpg <rpg', and that there seemed to
be a dominant gene action wpon the polygenic
system which governs stature. Subsequently,
Furusho’™? studied a large body of data collected
from various areas and found that the parenti-
offspring correlation showed specific variations
according to the age of the offspring. Further,
Furusho!®' ! used data on 17-year-old males to
obtain the parent-offspring correlation for
stature by parental age, and found that the
correlation tended to gradually decrease linearly
with age of the parents. He therefore obtained
the regression coefficient of the parent-offspring
correlation for stature upon parental age. Using
a pgiven parental age of 20 or 25 and the stature
at age 17, the parent-offspring correlation for
stature was found to take an intermediate value
between the correlations between dizygotic
twins and between siblings. When the effect of
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parental age was eliminated, the parent-offspring
correlation and sib-sib correlation for stature
became almost equal so that the polygenic
system governing stature probably has an additive
gene action with hardly any dominant gene
action.

The correlation of stature between parent and
offspring in the present study is shown in Table
7 and that between siblings in Table 5, but the
comparisons here with the correlations between
parent and offspring and between siblings in the
nonexposed group were made after correction
had been made for the correlation of stature
between parents. Although the correlation
between parents and offspring differs somewhat
by the age and sex of the offspring, the range is
small, the average being Tpo=0.240~0.322 in
the nonexposed group with both parents. The
correlation between siblings was examined using
cases with up to 2 years difference in age because
of the small number of cases, and although the
range was rather large depending upon the
combination of siblings, the average was Tgg’
=0(.324~0.431 in the combination 15-17 years.
Comparison of Tpg and Tgg' clearly shows the
relationship Too'~Tpgo. This finding suggests
that polygenes with dominance may be included
in the polygenic system governing stature.
However, the age difference between the parents
and their offspring is at least 20 years and that
between the siblings used here is 2 years in every
case so that there is a difference of more than
10 times between the two. In view of this and
the fact that the sign of the regression coefficient
of the Z transform of the correlation of stature
between parents and offspring was in almost every
case negative, it is highly possible that Tgg-and
Tpg would become almost equal if correction
were made for parental age as in the report by
Furusho.'®!!  Thus it seems almost certain
that the stature used in this study is governed
by a polygenic system having additive pene
action with no dominant gene action.

In the foregoing section the differences in mean
stature, variance, and in the covariance and
correlation between parents and offspring were
examined for the both-parents-exposed group,
father-only-exposed group and mother-only-
exposed group in comparison with the non-
exposed group. The nonexposed group presents
no problem because of its large size, however,
the exposed group is limifed, thus variation in
the data is highly possible. Experience shows
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that the variance will diffef considerably
according to the amount of data available. The
means have comparatively the least variation.

To recapitulate, the mean stature of offspring
was higher in the groups with both parents
exposed and mother alone exposed, as compared
with the nonexposed group. However, the mean
stature in the group with father alone exposed
almost always showed a tendency to be lower
as compared with the nonexposed group.
Accordingly, the mean statures of offspring in
1) the group with father alone exposed (father
exposed X mother not exposed) and 2) the group
with mother alone exposed (father not exposed
X mother exposed) show completely opposite
results, with the difference from the nonexposed
group in the former having a negative sign and
that in the latter having a positive sign. If this
were true, there is the possibility that X-linked
genes may be involved in the polygenic system
which controls stature. However, where only
the father was exposed, almost all differences
from the nonexposed group have a negative sign
in both sexes. If X-linked genes were affected,
the effect would be expected to appear only in
female and not in male offspring, but studies to
date indicate that the ratio of the length of
autosomes to X-chromosomes is 20:1; that is
lengthwise, the X-chromosome accounts for
only 5% of all chromosomes so that effects
would not appear in tests of differences unless a
considerable number of polygenes are located on
the X-chromosome. Further, if X-inked genes
were involved in the polygenic system governing
stature, the order of the cormrelation between
parent and offspring by combination of parent
and offspring (fatherson: rgg, father-daughter:
rrp, mother-son: rys, mother-daughter: myp)
would be expected to be rps<ryp <Ipp=
rms, and the order of the correlation between
sib-pairs by combination of siblings (brother-
brother: rgg, brother-sister: rpg, sister-brother:
rsp, Sister-sister: rgg) would be rgg =rgp <Ipp
<1gg. However, the resulfs of Tables 5 and 7
do not conform to the above hypothesis. In this
connection, Furusho!®™™ has reported from
studies of many cases in various areas that stature
generally is regulated by an autosomal polygenic
system. Thus, it is almost certain that practically
all of the polygenic systems which regulate
stature are located on autosomes.

Then, why should the mean stature tend fo be
lower for offspring whose fathers only were

11
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exposed than in those whose parents were not
exposed? Although this might be attributed to
chance related to the small number in the
exposed group, the evident contrary relation in
the difference of mean stature between offspring
whose fathers only were exposed (negative sign)
and those whose mothers only were exposed
(positive sign) perhaps can not be explained by
chance alone. For example, in the JYapanese
family system when these offspring were young
the father was clearly responsible for the socio-
economic status of the family and his influence
on family support was of a magnitude inconceiv-
able at present. Needless to say, in the difficult
postwar period, the family livelihood would
have been greatly affected if the father had been
sick to some degree as a result of A-bomb
exposure. The Ministry of Education® reported
that concerning consumer expenditures per
family by prefecture the correlation of food
expenses with stature (1l-year-old boys} was
markedly high, r=0.92.

This supports a probable close relation between
economic factors and stature which if true may
well be one of the factors which would explain
the negative sign for the difference in mean
stature between offspring of one group and the
positive sign for the others. However, offspring
in the group with both parents exposed, which
has comparatively a larger number of cases,
tend to have a higher mean stature in almost all
age classes and both sexes as compared with the
nonexposed group. If this be considered, the
above interpretation is not necessarily appro-
priate, but, on the other hand, since livelihood
relief benefits, etc., differ between the one
parent exposed group and both parents exposed
group and since the present data were obtained
on studenis of senior high schools where the
entrance examinations introduce certain limi-
tations on economic status as well as scholastic
ability, this interpretation probably cannot be
ignored altogether.

For comparison with the nonexposed group, the
exposed group was further divided by exposure
dose into two groups, the 1 rad or more group
and less than I rad group. Although the mean
dose of the 1 rad or more group was 59-64 rad,
the actual doses ranged from less than 1 rad to
over 300rad so there may be problems in
combining them into one group. For this reason,
although’ the number of cases in the exposed
group was small, weighted regression analysis
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was made for parental dose using the mean
stature, variance, and the covariance and corre-
lation between the parents and offspring. Two
analyses were made, one including the nonexposed
group (0 dose) and the other using only the
exposed group, excluding the nonexposed group
which is the so-called control group here.

In selecting a control group, it is preferable that
it be as homogeneous as passible with the exposed
group, especially with regard to environmental
conditions, etc. Inthe present data, consideration
was given to selecting only offspring bom and
raised in Hiroshima City who preferably were
living with their real parents and attending
senior high school. Excluded were those
accommodated in institutions or whose guardians
were not blood relations. However, growth of
man in the broad sense begins at time of fertili-
zation. Therefore, some may even question the
significance of any estimate obtained through the
analysis of the relation between measurements
of stature and detailed data concerning socio-
economic factors at the time of survey. The
analysis should consider the developmental
history based upon yearly investigations of
stature, social and environmental factors, etc.,
from time of birth, but such a method is imprac-
tical in the case of man. If such details are to be
taken into account, the exposed group and the
nonexposed group used here are not necessarily
a homogeneous population. To accomodate for
this, weighted regression analysis was made in
two ways, one including and the other excluding
the nonexposed group.

It is evident that the sign of the regression
coefficient differs depending on whether the
nonexposed group was included or not in the
weighted regression analysis for the 17-year-old
boys of the both parents exposed group and the
16-year-old bays of the father only exposed
group. In each case, the regression coefficients
took the positive sign when the nonexposed
group is included and took the negative sign
when excluded. The sign remained the same
whether the nonexposed group is included or not
in all other groups. Thus for almost all groups no
reversal of the positive and nagative sign occurred
by the inclusion or exclusion of the nonexposed
group, but on motre careful examination of the
regression coefficients many showed marked
differences, but without specific trends, depending
on whether the nonexposed group is included or
not. Further, differing from the previously
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described results of comparison of the differences
in mean stature of offspring between the exposed
group and the nonexposed group, the results of
weighted regression analysis (Table 3) indicate
that 16 of the 36 regression coefficients have the
negative sign., Moreover, of the 10 regression
coefficients each for father only exposed group
and mother only exposed group, more than half
have the negative sign, This indicates that
regardless of whether the regression coefficient
has a positive or negative sign the mean stature
has been influenced by parental exposure,
as expected to some degree from the results of
animal experiments using radiation,

The genetic effects of A-bomb radiation were
discussed using the mean stature, etc., of offspring
based upon differences between the exposed and
nonexposed groups and weighted regression
analyses upon parental exposure dose, but the
differences and regression coefficients, as previ-
ously stated, are not all statistically significant.
Although there may be problems in making
conclusions using such estimates as these, the
results of numerous animal experiments suggest
that genetic effects of A-bomb radiation cannot
be negated just because the results were not
statistically significant. In particular, it should
be kept in mind that the exposed group used in
the present study had been exposed to instanta-
neous radiation of an average of 59-64 rad.

A study similar to the present one has been

reporied by Neel and Schull,? but the Furusho
data used in the present study differed basically
in nature from those of Neel and Schull. The
Furusho data are for 15 to 17-year-old children
who have nearly completed their growth, while
the data of Neel and Schull were for children at
9 months of age, This is a very important
point. The stature increases with age, following
the growth curve from birth to time of completion
of growth. Furusho® has used yearly measure-
ments of stature of many Japanese subjects to
make a study on the manifestation by genotypes
responsible for stature. That is, the data used
were those concerning yearly measurements of
stature for the same individual during growth till
completion of growth. It was reported that the
correlation coefficient (r'jj) between stature for
the same individual at maturity (i) and at various
ages during the growth period (j) becomes
higher with decreasing difference in age, being
very low during infancy and gradually increasing
thereafter with age. However, because of a
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temporary decrease in the correlation at the age
corresponding to preadolescence the variation
of the r'j; curve is not linear but is a curve of the
nth degree. In particular, the, parent-offspring
correlation of stature for children age 0-1 is low,
being reported to be =—0.001~0.117 by
Yoshida'® which is much lower than the parent-
offspring correlation of stature at completion
of growth.

This indicates that environmental factors have
greater effects than genetic factors upon the
phenotype of stature measurements in 0 to
1-year-old children. Even if a difference of a
significant level had been found between the
exposed group and the nonexposed group in
the data of Neel and Schull, it would seem, in
consideration of these points, that it would be
more appropriate to regard it as the effect of
differences in socioeconomic environmental
factors between the population whose parents
were exposed and those whose parents were not
exposed rather than the genetic effect of A-bomb
radiation. On the other hand, the Furusho data
are for 15 to 17-year-old offspring, and as
reported by Furusho,”™'* the correlation of
stature between parent and offspring in the
nonexposed group with both parents using
stature measurements of offspring of this age
range (15-17 years) is rpo =0.28-0.39, which is
markedly higher than the correlation between
parent and offspring in children of ages 0-1 year,
and the manifestation of genotypes is 70%-90%
in 15 to 17-year-old offspring. Therefore, it is
very likely that the difference seen between
offspring of the exposed group and offspring of
the nonexposed group in the Furusho data
includes more genetic effects of A-bomb radiation
than the data of Neel and Schull.

However, in neither the Furusho data nor those
of Neel and Schull are the differences between
the exposed group and the nonexposed group,
for the most part, of a significant level, and
although definitive conclusions at the statistical
level cannot be made with these data, it seems
clear that the nature of the estimates of the
differences obtained by the two studies are
altogether different.

The peaceful uses of atomic energy, diagnostic
X-ray irradiation, therapeutic X-ray exposures,
injections of radicisotopes, radium therapy,
and nuclear tests have rapidly increased the
chances of exposure to radiation of man during
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his daily life and have increased the possibility
of deterioration of man’s genetic components.
Therefore, the accurate determination of the
genetic effects of radiation in man is not only an
urgent and important problem but also our
obligation to posterity. The data used in the
present study were obtained in an investigation
of all primary schools, junior high schools, and
senior high schools in an A-bomb exposed city
and the data presented here are for all senior
high schools in Hiroshima City. But in any case,
it is impossible to collect more cases and conse-
quently although the number of cases in the
exposed group is insufficient, this comprehensive
and methodical study, in which estimates of the
parental exposure dose are available, may
constitute the only study which will provide
information on the genetic effects of radiation in
man. Because analysis will also be made of the
Nagasaki data in the future, with which a
comparative study will have to be made, ail of
the estimates on which detailed analysis was
attempted are shown in the tables.
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TABLE 1 MEAN, VARIANCE, COVARIANCE, & CORRELATION COEFFICIENT BY PARENTAL
RADIATION DOSE (FATHER + MOTHER)

#1 BOBEBSUESITY, S, H£0E &I UCHMBES (XSBORE)

Radiation Pose in rad

Item Non-
exposed 19 1019 2030 4099 100-199 200+ 1+
Boys Aged 15 Years
No. of offspring 3039 369 140 68 40 41 22 32 343
Mean dose ) 0 ? 4.0 14.3 28.1 66.4 139.5 398.1 61.8
Mean Mgp) 163.70 16396 164.10 163.43 165.31 163.16 16290 164.59 163.96
Variance (Vq) 36.30 39.63 35.78 26.42 39.24 36.98 41.80 27.50 34.04

Covariance (Wrepm.0) 20.22 17.13 28.44 10.93 20.52 15.16 39.01 25.40 23.01
Correlation

coefficient (tF+M-Q) 0.399 0.317 0.508  0.277 0.336 0.326 0.613 0.580 0.447
Boys Aged 16 Years

No. of offspring 3388 420 173 91 42 59 29 30 424
Mean dose (D) ¢ ? 4.1 14.8 27.9 64.9 134.1  484.1 60.1
Mean Mo 165.76  166.57 166.24 165.71 166.49 164.96 16552 164.35 165.79
Variance (Vo) 30.76 32.39 2640 38.79 28.24 . 3866 4231 29.6% 32.25

Covariance (Wp+M-Q) 20.58 2275 16.37 26.12 20.71 24.55 36.70 20.19 2142
Correlation

coefficient (rrim-0) 0426 0442 0400 0491 0457 0.488 0.708 0471 0463
Boys Aged 17 Years

No. of offspring 3163 399 174 79 40 59 38 43 433
Mean dose (D) 0 ? 38 144 29.6 62.8 134.5 367.3 63.7
Mean Mop) 166.80 16744 167.38 167.64 167.71 16742 166.02 167.29 167.34
Variance (V) 30.95 33.05 30.95 35.87 24.74 34.36 20.77 21.86 29.80

Covariance (Wr+mM.0) 19.16 18.09 2341 24.55 14.74 2598 12.28 14.89 21.23
Correlation
coefficient (rp+mM.0) 0.404 0.393 0.473 0.460 0.332 0.546 0.409 0.364 0.453

Girls Aged 15 Years

No. of offspring 2862 436 146 64 43 52 35 32 374
Mean dose (D) 0 ? 3.8 14.5 29.1 64.2 138.5 4073 64.2
Mean Mp) 154.46 15474 15447 154.67 15445 15573 154,13 153.82 154.59
Variance (Vo) 24.39 23.55 21.86 18.31 23.94 18.79 19.35 24.52 21.05

Covariance (Wpapoo) 1841 19.82 1770 1596 1510 1087 2418 1490  16.69
Correlation

coefficient (rpap.0) 0462 0457 0435 0444 0380 0346  0.620 0416 0439
Girls Aged 16 Years

No. of offspring 3059 429 160 79 49 51 40 27 406
Mean dose (D) 0 ? 4.2 14.7 27.9 622 1435 4406 59.1
Mean Mg) 154.89 154.86 155.11 154.63 15599 155.88 154.73 157.13 15532
Variance (Vg) 23.81 24.86 2494 1909 2524 2542 2466  30.29 2437

Covariance (Wrsp.o) 1907 1644 2151 1939 2448 2158 1878  16.08  20.78
Correlation
coefficient (rpp.o) 0488 0406  0.510 0567 0568 0445 0490 0345 0499

Girls Aged 17 Years
No. of offspring 2884 441 154 70 46 59 37 30 396
Mean dose (D) 0 ? 3.8 14.4 28.5 699  128.7 418.0 61.5
Mean Mop) 15495 155.50 155.61 15533 154.68 155.39 155.40 156.35 15546
Variance (Vo) 2479 2765 2821 2115 18.50 19.24 44,04 2812  25.78

Covariance (WriMm.0)  18.30 20.67 26.24 15.66 13.44 16.82 33.60 31.57 22.22
Correlation
coefficient (Ip+M-0) 0.464 0.507 0.573 0.423 0.488 0.444 0.592 0.608 0.524
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TABLE 2 RELATION OF NONEXPOSED VS <1 RAD AND NONEXPOSED VS 1+ RAD
%2 TIEERETE] & T1 rad RSB OB S SO TIRBENEER) & [ 1 rad LLERE] 0 b gk

Nonexposed vs <1 rad Nonexposed vs 1+rad
Item -
Nonexposed <1 rad Test P Nonexposed 1+ rad Test P
Boys Aged 15 Years
Mean 163.70 163.96 753 NS 163.70 163.96 780 NS
Variance 36.30 " 3963 1.092 NS 36.30 34.04 1.066 NS
Covariance 20.22 17.13 - - 20.22 23.01 - -
Z-value 40 .32 1.702  Sug 40 45 1.023 NS
W* reM.O 17.12 13.87 - - 17.12 18.08 - -
Z¥*F+M-O .35 .26 1.607 NS .35 .37 258 NS
Boys Aged 16 Years
Mean 165.76 166.57 2759 p<01 165.76 165.79 .103 NS
Variance 30.76 32.39 1.053 NS 30.76 32.25 1.048 NS
Covariance 20.58 22,75 - - 20.58 21.42 - -
Z~value 43 44 .380 NS 43 46 .893 NS
W pim-0 16.63 18.89 - - 16.63 18.45 - -
Z*piM0 36 .38 485 NS 36 42 1.235 NS
Boys Aged 17 Years
Mean 166.80 167.44 2.103 P<.0§ 166.80 167.34 1.926 Sug
Variance 30.95 33.05 1.068 NS 30.95 29.80 1.039 NS
Covariance 19.16 18.09 8.445 - - 21.23 - -
Z-value .40 .39 245 NS 40 .45 1.168 NS
W* CiM-0 16.16 15.62 4,262 - - 17.81 - -
z* F+M-O .36 35 042 NS .36 40 872 NS
Girls Aged 15 Years
Mean 154.46 154.74 1.120 NS 154.46 154.59 511 NS
Variance 24.39 23.55 1.036 NS 24.39 21.05 1.159 Sug
Covariance 18.41 19.82 - - 18.41 16.69 - -
Z-value 46 44 .123 NS A6 46 523 NS
W+ FM.O 16.07 14.99 - - 16.07 13.47 - -
z* FAM-O 43 .36 1.286 NS 43 .37 1.037 NS
Girls Aged 16 Years
Mean 154.89 154.86 117 NS 154.89 155.32 1.651 Sug
Variance 23.81 24.86 1.044 NS 23.81 24.37 1.024 NS
Covariance 19.07 16.44 - - 19.07 20.78 - -
Z-value 49 41 1.984 P<05 49 .50 .274 NS
W paM-0 15.99 14.38 - - 15.99 17.39 - -
Z*E4M-O 43 37 1.223 NS 43 A4 182 NS
: Girls Aged 17 Years
Mean 15495 155.50 2.060 P<.05 154.95 155.46 1.87%¢ Sug
Variance 24.79 27.65 1.115 P<.05 2479 2578 1.040 NS
Covariance 18.30 2067 22,908 - - 22.22 - -
Z-value 46 .51 1.098 NS 46 52 1.477 NS
W*F«I—M-o 16.44 18.19 16.915 - - 17.87 - -
A F+M-O 44 48 £95 NS 44 45 090 NS

NS: Not significant Sub: .05 <P<..10
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TABLE 3 REGRESSION COEFFICIENT OF MEAN, VARIANCE, COVARIANCE, & Z-VALUE

OF CORRELATION COEFFICIENT
#3 Ty, S 08, & RUCHENMEEO Z 0D

Regression for Nonexposed & Exposed Data Regression for Exposed Data

liem
Constant Slope T-value (df=5) Constant Slope T-value (df=4)
Boys Aged 15 Years
Mean (Mg) 163.7 00172 935 NS 163.9 00121 564 NS
Variance (V) 36.3 —-.02217 - - 33.7 -.01312 - -
Covariance (Wr+M.0) 20.2 .00509 - - 20.6 .00320 - -
Z~valve (Zps+mM.0) 424 00061 1.430 NS 441 00055 1.155 NS
W*piMm.0 17.119 —.00213 - - 16.6 00044 - -
Z*F+M-O .351 .00029 992 NS .338 200033 1.037 NS
Boys Aged 16 Years
Mean (MQ) 165.8 —.00300 2.094 Sug 166.1 —.00388 3.087 P<.05
Variance (V) 30.7 .00019 - - 219 .00855 - -
Covariance (Wp+M.0) 20.6 00344 - - - 181 01187 - -
Zvalue (Zpsm.0) 458 .00036 1.047 NS 491 00026 698 NS
W*EiM-0O 16.6 00765 - - 15.2 01242 - -
Z*Ei MO 363 00040 1.280 NS 409 200025 810 NS
Boys Aged 17 Years
Mean (Mg) 166.9 .00081 434 NS 167.4 —.00118 739 NS
Variance (Vg) 31.0 —.02598 - - 31.3 -.02712 - -
Covariance (Wrym.0) 19.2 —.01274 - - 229 02684 - -
Zvalue (Zpipm.0) 436 -.00003 .081 NS 510 —.00033 1.310 NS
W*piM.0 16.2 —.00989 - - 19.2 —-.02136 - -
Z*pM-0 361 .00004 130 NS 415 —.00018 672 NS
Girls Aged 15 Years
Mean (Mg) 154.5 —.00082 435 © NS 154.7 —.00182 967 NS
Variance (Vo) 24.4 —.02286 - - 20.6 00046 - -
Covariance (Wp+pm.0) 18.4 —-.01128 - - 16.6  -—.00253 - -
Zvalue (Zpip.0) 496 —.00003 112 NS 461 .00010 314 NS
w:F+M-O 16.1 ~.01566 - - 13.5  —.00291 - -
Z*F+M-0 421 —.00018 846 NS .361 00006 504 NS
Girls Aged 16 Years
Mean (Mg) 154.9 00463 2,349 Sug 155.0 00407 1.977 NS
Variance (Vg) 238 01174 - - 23.1 01510 - -
Covariance (Wrs+M.0) 19.1 00015 - - 21.1 -.01228 - -
Z~value (Zpipm-0) 539 —.00032 1.350 NS 593 —.00053  2.855  P<.05
W*Eim.o 16.0 00425 - - 17.7 —.00599 - -
Z*pyM-0O 439 -.00019 7182 NS 480 —.00036 1.507 NS
Girls Aged 17 Years
Mean (Mq) 155.0 .00344 2.400 Sug 155.3 .00218 1.673 NS
Variance (V) 24.8 .00047 - - 24.9 .00096 - -
Covariance (We+p.q) 18.3 02857 - - 21.1 01311 - -
Z-value (ZF+m.0) 508 00052 1.479 NS 566 00029 849 NS
WHpiM.O 164 00733 - - 17.4 00212 - -
Z*piM-O 445 —.00002 .070 NS 454 —.00005 203 NS
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TABLE 4 COVARIANCE & CORRELATION COEFFICIENT OF STATURE BETWEEN PARENTS &

OFFSPRING CORRECTED FOR CORRELATION BETWEEN PARENTS

#4 FHROKMTHIEL~ZRTFoSE0ENE & UHMNEK

Radiation Dose in rad

Item
Nonexposed <1 1-9  10-19 20-39  40-99 100-199 200+ 1+
Boys Aged 15 Years
No. of offspring 3039 369 140 68 40 41 22 32 343
Mean Dose (D) 0 ? 40 143 28.1 664 1395 3981 618
Variance (Vo) 36.30 3063 35.78 2642  39.24  36.98 4180 27.50 34.04
(6.03) 6.30) (5.98) (5.14) (6.26) (5.08) (647 (5.24) (5.84)
Variance (Vy+m) 70.64 73.63 87.52 58.85 9483 5855 97.03 69.63 78.02
(8.41) (8.58) (9.36) (7.6 (9.74) (1.65) (9.85) (8.34) (8.83)
Covariance (Wg+M-0) 20.22 17.13 2844 1093 20,52 1516 39.01 2540 23.01
Correlation
cosfficient (TF+p-0) 0.399 0.317 0.508 0.277 0336 0.326 0613  0.580 0.447
Correlation
coefficient (rpap) 0.182 0.235 0252 0.124  0.398  0.295 0611 0.249 0.274
* pM-0 0.338 0.257 0406 0246 0240 0252 0381 0.464 0.351
w* 17.12 13.87 2271 972 1465 11,71 2425 2029 138.09
Wk 17.11 13.87 2272 972 1468 11,71 2421  20.34 18.06
w* 17.12 13.87 2272 992 1467 1171 2423 2032 18.08
Boys Aged 16 Years
No. of offspring 3388 420 173 g1 42 59 29 30 424
Mean Dose (D) 0 ? 41 14.8 279 649 134.1 4841 60.1
Variance (Vo) 30.76 32.39 2640 38.79  28.24  38.66 4231  29.69 32.25
(5.55) (5.69) (5.14) (6.23) (5.31) (6.22) (6.51) (545) (5.68)
Variance (Vyspm) 75.81 81.81 63.46 73.08 7279 6552 6344 6187 66.27
(8.71) (9.05) (197 (855 (8.53) (8.09) (7.97) (7837 (8.14)
Covariance (Wg+M-0) 20.58 2275 16.37 2612 2071 2455 36.70 2019 2142
Correlation 0.426 0.442 0.400 0491 0457 0488 0.708 0471 0463
coefficient (rp+M.0)
Correlation 0.238 0.205 0197 0221 0071 0106 0.125 0.144 0.161
coefficient (rpp
I* FaM-O 0.344 0.366 0.334 0402 0427 0441 0629 0412 0399
W 16.63 18.89 13.69 2142 19.33 2220 3265 17.66 18.44
Wk 16.62 18.88 13.68 21.39 19.34 2220 32.62 1765 1845
Wr* 16.63 18.89 13.69 21.41 19.3d 2220 32.64 17.66 18.45
Boys Aged 17 Years
No. of offspring 3163 399 174 79 40 59 38 43 433
Mean Dose (D) 0 2 38 144 29.6 62.8 1345 3673 637
Variance (Vo) 30.95 33.05 3095 35.87 2474 3436 2077 21.86 29.80
(5.56) (5.75) (5.56) (5.99) (497 (5.86) (4.56) (4.68) (5.46)
Variance (Vp+m) 72,76 64.00 79.09 79.56 79.63 6593 4334 7651 73.76
(8.53) (8.00) (8.89) (8.92) (8.92) (8.12) (6.58) (8.75) (8.59)
Covariance (Wr+M-.0) 19.16 18.09 23.41 2455 14.74 2598 1228 1489 21.23
Correlation
coefficient (rF4p-0) 0.404 0.393 0.473 0.460 0332 0546 0409  0.364 0.453
f;:;gﬁggf Cen) 0.186 0.158 0208 0.38 0099 0132 —0.125 0278 0.193
* F+M-O 0.341 0.339 0.392 0332 0302 0482 0.364  0.285 0.380
wH 16.16 1561 19.35 17.73  13.39 2295 1091 1166 17.81
W 16.16 15.62 19.38 17.72 1341 2295 1092 11.65 17.80
W 16.16 15.62 19.37 17.73 13.40 2295 1092 1166 17.81
* _ F+M-O R , . **=WF+M'0 T # = (W *
T*FM-0 = [ a =1* gm0 Vo VEsM. W e and W#*=(W* + W+*) /2
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TABLE 4 Continued # 4 %%

Radiation Dose in rad

Item -
Nonexposed <1 19 10-19  20-39 4099 100-199 200+ 1+
Gitls Aged 15 Years
No. of offspring 2862 436 146 64 45 52 35 32 374
Mean Dose (D) 0 ? 38 145 29.1 642 1385 4073 64.2
Variance (Vo) 24.39 23.55 21.86 1831 2394 1879 19.35 24.52 21,05
(4.94) (4.85) (4.68) (4.28) (4.89) (4.34) (5.40) (4.95) (4.59)
Variance (Vpim) 65.14 79.74 7558 70.56 66.00 52.70 78.63 5219 6875
(8.0T (8.93) (8.69) (8.40) (8.12) (7.26) (8.87) (7.23) (8.29)
Covarlance (Wr+M.0) 18.41 19.82 17.70 1556 15.10 10.87 24.18 14.90 16.69
S::;;];SE? o) 0.462 0457 0435 0444 0380 0346 0620 0416 0439
Correlation
coefficient (rynr) 0.146 0.321 0215 0357 0.174 0.077 0469  0.185 0.240
™* FaM-0 0.403 0346 0358 0.327 0324 0321 0422 0351 0.354
W 16.07 1498 14.56 1176  12.85 10.12 1647  12.56 13.47
W 16.06 15.00 14.57 1176 12.86 10.09 16.46 1257 13.46
w 16.07 14.99 1457 11.76 12.86 10.11  16.47 12.57 1347
Girls Aged 16 Years
No. of offspring 3059 429 160 79 49 51 40 27 406
Mean Dose (D) 0 T 42 147 27.9 622 1435 4406  59.1
Variance (Vg) 23.81 24.86 2494 19.09  25.24 2542 2466  30.29 24.37
{4.88) (4.99) (4.99) (437  {5.02) (5.04) (4.97) (5.50) (4.94)
Variance (V) 64.21 6585 71.25 61.16 73.60 92.68 59.67 71.54 71.04
8.01) (8.12) (8.44) (7.82) (8.58) (9.63) (71.73) (8.46) (8.43)
Covariance (W p4pM.0) 19.07 16.44 21.51 1939 2448 2158 1878  16.08 20.78
Correlation 0.488 0406 0510 0567 0568 0445 0490 0345 0499
coefficient (rpspm-0)
Correlation 0.193 0.144 0.236 0.087 028 0220 0.087 0158 0.195
coefficient (rpp)
I* FaM-O 0.409 0.355 0.413 0522 0442 0.364 0451 0298 0417
W 15.99 1438 17.38 17.83 19.02 17.70 17.32 13.86 17.39
W 15.98 1438 1740 17.84 19.04 17.69 17.28 13.89 17.39
W 15.99 1438 17.39 17.84 19.03 17.70 17.30  13.88 17.39
Girls Aged 17 Years
No. of offspring 2884 441 154 70 46 59 37 30 396
Mean Dose (D) 0 9 38 144 28.5 699 1287 4180 615
Variance (Vo) 24.79 27.65 2821 21.15  18.50 1924 4404  28.12 2578
4.98) (5.26) (5.31) (4.60) (4.30) (4.39) (6.64) (5.30) (5.08)
Variance (VM) 62.89 6022 74.33 64.81 4093 7466  73.08 96.03 69.79
©(7.93) (7.76) {8.62) (8.05) (6.40) (8.64) (8.55) (9.80) (B.35)
Covariance (Wg+M.0) 18.30 2067 26.24 15.66 13.44 16.82 3360 31.57 2222
Correlation 0.464 0.507 0573 0423 0488 0444 0592  0.608 0.524
coefficient (rpspm-0)
Correlation 0.114 0.137 0.249 0305 0008 0209 0270 0495 0.244
coefficient (rppm)
I* FiM-O 0417 0.446 0.459 0.324 0484 0.367 0.466 0407 0421
W 16.45 18.20 2100 12.00 1332 13.93 2646 21.12 17.87
W 16.43 18.18 2101 1200 1333 1391 2646 21.12 17.86
W 16.44 1819 21.01 1200 1333 1392 2646 2112 17.87
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TABLE 5 MEAN, VARIANCE, COVARIANCE, & CORRELATION COEFFICIENT BY PARENTAL DOSE & AGE BETWEEN SIB-PAIRS

#5  BLOBBGAY - RN, REEMO T, i, EANE & URIBE
Age in Years

Item Brother-Brother Brother-Sister Sister-Brother Sister-Sister

Elder (O)....... 17 17 16 17 17 16 17 17 16 17 17 16

~Younger (). .. 16 15 15 16 15 15 16 15 15 16 15 15

Nonexposed Parents

No. of sib-pairs 28 185 25 30 178 27 38 197 39 32 224 30
Parent’s mean dose in rad 0 0 0 0
Elder: Mean (Q) 166.17 167.33 165.21 167.85 16692 165.69 15427 154.71 154.55 154.10 154.87 154.19

: Variance (0) 40.52 32.57 21.79 25.86 30.10 56.59 23.37 22.89 32.53 29.65 2291 22.91
Younger: Mean (Q') 165.63 163.75 164.22 15511 154.01 155.29 16606 163.29 162.73 155.79 154.52 153.50

: Variance (0O") 31.56 34.52 39.79 1591 21.46 36.23 30.56 36.99 33.56 17.97 24.44 30.36
Covariance (00") 2493 13.16 0.99 8.40 12.60 12.37 11.29 11.34 16.35 12.68 9.96 15.19
100’ 0.697 0.393 0.034 0.414 0.496 0.273 0.423 0.3%0 0.495 0.549 0.421 0.576
M 0.295 0.214 -0.005 0.074 0.152 0.062 0.203 0.056 -0.046 0.150 0.160 0.245
oo’ 0.538 0.324 0.034 0.386 0.431 0.257 0.352 0.369 0.473 0477 0.363 0.463
Woo' 19.25 10.84 0.99 7.82 10.54 11.65 9.83 11.74 15.63 11.03 8.59 12.20
Exposed Parents (1 rad or more)

No. of sib-pairs 3 32 2 8 38 5 7 33 4 9 41 4
Parent’s mean dose in rad 3.33 66.8 8.5 20.0 89.50 9.0 16.6 41.8 34.8 15.1 544 106.5
Elder: Mean (O) 166.17 165.70 168.25 165.51 168.31 165.40 152.03 15590 156.78 156.60 155.60 154.70

: Variance (Q) 8.49 26.66 55.13 12.99 27.07 44.06 6.48 41.20 1543 32.59 17.61 3.10
Younger; Mean (O') 168.30 16425 161.30 155.00 155.32 153.04 16344 164,02 16145 155.53 154.69 154.03

: Variance (0" 19.83 43,49 100.82 13.77 19.36 10.75 21.59 41.24 26.91 32.97 23.86 7.82

Covariance (00" 12.34 7.44 74.55 8.63 11.88 16.61 8.96 23.17 -8.80 19.79 12.92 0.05
100’ 0.951 0.218 1.000 0.649 0.519 0.763 0.758 0.562 -0.432 0.604 0.630 0.009
Y EM —-0.920 0.383 1.000 -0.002 0.313 0.702 0.262 0.349 -0.561 0.774 0.248 -0.440
oo’ 0.478 0.158 0.500 0.648 0.395 0.448 0.601 0.417 0.277 0.341 0.505 0.006
Woo' 6.20 5.38 37.28 8.66 9.05 9.76 7.10 17.18 5.64 11.16 10.35 0.035
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TABLE 6 MEAN & VARIANCE OF OFFSPRING STATURE BY PARENTAL

#6 MOBBKER, FoREOFEEFR

EXPOSURE STATUS

RERF TR 4-78

Stature of Offspring

Exposure Status . No. of Mean
Father Mother Offspring Dose Mean Variance
Boys Aged 15 Years
Nonexposed Nonexposed 3039 0 163.70 36.30
Nonexposed <1rad 234 ? 163.96 40.99
Nonexposed 1-9 86 3.8 164.63 31.46
Nonexposed 10-19 35 15.2 162.80 18.43
Nonexposed 2099 49 492 163.78 3244
Nonexposed 100+ 21 348.9 164.85 26.11
Nonexposed 1+ 191 55.5 164.10 28.84
<1 rad Nonexposed 60 ? 163.98 36.34
19 Nonexposed 28 3.7 162.52 48.64
10-19 Nonexposed 13 13.5 162.09 9.43
2059 Nonexposed 8 353 163.36 28.91
100+ Nonexposed 6 307.3 160.90 59.03
1+ Nonexposed 55 43.7 162.36 36.05
Nonexposed 1+ rad
1+ rad Nonexposed 246 52.8 163.71 30.84
Boys Aged 16 Years
Nonexposed Nonexposed 3383 Q 165.76 30.76
Nonexposed <1 rad 235 ? 166.92 33.62
Nonexposed 19 98 3.8 166.66 25.62
Nonexposed 10-19 56 15.1 166.14 40.94
Nonexposed 2099 46 51.4 166.11 32.58
Nonexposed 100+ 25 339.2 163.51 21.58
Nonexposed 1+ 225 536 166.07 30.89
<1 rad Nonexposed 76 ? 166.61 29.08
19 Nonexposed 37 3.8 166.46 22.74
10-19 Nonexposed 13 14.1 163.85 4291
2099 Nonexposed 11 46.1 164.86 85.81
100+ Nonexposed 14 370.6 165.94 50.84
1+ Nonexposed 75 80.3 165.68. 35.55
Nonexposed 1+
I+ Nonexposed 300 60.3 165.97 32.96
Boys Aged 17 Years
Nonexposed Nonexposed 3163 0 166.80 30.95
Nonexposed <1 rad 227 9 167.94 34.24
Nonexposed 19 34 3.7 167.17 33.73
Nonexposed 10-19 34 14.2 167.21 46.87
Nonexposed 20-99 41 48.4 167.67 23.23
Nonexposed 100+ 28 244.7 166.03 16.47
Nonexposed 1+ 187 51.5 167.11 31.00
<1rad Nonexposed 63 ? 166.67 30.38
1-9 Nonexposed 37 3.3 167.15 24.72
10-19 Nonexposed 12 15.0 168.95 35.55
2099 Nonexposed 10 48.7 162.80 15.53
100+ Nonexposed 18 3234 166.54 20.69
1+ Nonexposed 77 85.8 166.72 26.23
Nonexposed 1+
1+ Nonexposed 264 61.5 167.00 28.53
—_—
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TABLE 6 Continued # 6% &

Exposure Status

Stature of Offspring

No. of Mean
Father Mother Offspring Dose Mean Variance
Girls Aged 15 Years
Nonexposed Nonexposed 2862 ‘ 0 154.46 24.39
Nonexposed <1 tad 290 ? 155.25 21.34
Nonexposed 19 87 3.9 154.35 23.51
Nonexposed 10-19 37 14.5 155.30 19.37
Nonexposed 2099 48 49.0 154.02 19.99
Nonexposed 100+ 29 231.8 153.70 21.48
Nonexposed 1+ 201 49.5 154.35 21.55
<lrad Nonexposed 60 ? 153.77 20.51
1-9 Nonexposed 30 3.0 153.73 23.37
10-19 Nonexposed 8 14.6 154.11 19.86
20-99 Nonexposed 11 314 156.06 21.94
100+ Nonexposed 10 220.4 153.09 16.82
i+ Nonexposed 59 46.7 154.11 21.92
Nonexposed 1+
1+ Nonexposed 260 48.9 154.30 21.56
Girls Aged 16 Years
Nonexposed Nonexposed 3059 0 154.89 23.81
Nonexposed <1 rad 253 ? 155.26 2291
Nonexposed 19 85 3.9 155.00 30.25
Nonexposed 10-19 48 14.8 154.65 17.99
Nonexposed 2099 59 41.3 155.73 20,98
Nonexposed 100+ 32 250.7 156.30 27.78
Nonexposed 1+ 224 314 155.30 24.82
<1 rad Nonexposed 68 ? 153.97 24.39
19 Nonexposed 22 3.6 156.14 12.34
10-19 Nonexposed 12 14.8 152.51 17.09
2099 Nonexposed 14 42,1 155.64 3141
100+ Nonexposed 12 2219 153.88 29.93
1+ Nonexposed 60 58.5 154.85 22.15
Nonexposed 1+
1+ Nonexposed 284 529 155.21 24.21
Girls Aged 17 Years
Nonexposed Nonexposed 2884 h} 154.95 24.79
Nonexposed <1 rad 232 ? 155.60 25.17
Nonexposed 1-9 93 3.5 155.23 25.60
Nonexposed 10-19 38 14.2 154.63 16.38
Nonexposed 20-99 55 484 154.31 17.63
Nonexposed 100+ 19 217.1 156.88 29.78
Nonexposed i+ 205 37.3 155.03 22.32
<1 rad Nonexposed 71 ? 154.93 34.07
1-9 Nonexposed 18 36 155.61 30.36
10-19 Nonexposed 5 14,0 155.94 23.89
20-99 Nonexposed 10 448 156.52 28.85
100+ Nonexposed 7 282.0 156.04 63.17
1+ Nonexposed 40 63.9 155.95 32.20
Nonexposed 1+
1+ Nonexposed 245 41.7 155.18 23.92
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TABLE 7 COVARIANCE & CORRELATION COEFFICIENT MODIFIED BY CORRELATION
BETWEEN PARENTS

#7 MWBOMYCHIEL ~#ae S FHRGRR

Exposure Status Correlation Relation of Father (I) Relation of Mother (M)
Coefficient and Offspring (O) and Offspring (O)
No. of % 5 W * *.
Father Mother cases  TFM Wro tro W*ro ™ro WMo ™o W'mo Mo
Boys Aged 15 Years
Nonexposed Nonexposed 3039 .182 10.68 .299 9.04 .253 9.54 .319 8.07 270
Nonexposed <1 1ad 221 .168 6.61 .190 5.66 .163 5.62 .178 481 .152
Nonexposed 19 83 .220 20.53 549 16.83 450 10.01 .329 821 270
Nonexposed 10-19 33 .067 1.80 .081 169 .076 —2.87 -.152 -2.69 -—143
Nonexposed 2099 49 327 8.09 272 6.10 .205 14,24 494 1073 .372
Nonexposed 100+ 21 .409  16.16 490 1147 348 8.75 468 621 .332
Nonexposed 1+ 186 242 13.09 406 10.54 .327 871 .328 7.01 264
<1 rad Nonexposed 58 347 1241 .312 921 .232 12.82  .359 952 267
1-9 Nonexposed 23 218 20,20 432 1659 .355 7.56 318 621 .261
10-19 Nonexposed 11 .101 13.00 591 11.81 537 - -293 —-.171 -2.66 -.155
20-99 Nonexposed g .10 1408 4983 10.75 .380 345 140 263 .107
100+ Nonexposed 6 .363 4464 B68 32.75 .637 146 036 1.07 .026
1+ Nonexposed 48 223 1897 488 1551 .399 436 171 356 140
Nonexposed i 234 241 14.82 435 1194 351 796 299 641 241
i+ Nonexposed
Boys Aged 16 Years
MNonexposed Nonexposed 3388 238 1090 .332 8.80 .268 9.68 .340 7.82 275
Nonexposed <1 rad 226 207  11.01 .312 9.12 .259 861 276 7.13 229
Nonexposed 1-9 97 297 7.61 .292 5.87 .225 8.19 370 6.32  .285
Nonexposed 10-19 56 160 14.35 341 1237 .294 8.56 287 138 .247
Nonexposed 20-99 45 —.038 1649 420 1590 .405 2,59 101 250 097
Nonexposed 100+ 22 010 10.85 .499 10.74 494 6.71 325 6.64 .322
Nonexposed 1+ 220 .130 11.33 .348 10.03 .308 7.16 286  6.34 253
<1 rad Nonexposed 74 120 10.27  .367 9.17 .328 9.82 .280 8.77 .250
19 Nonexposed 36 .095 1.43 .053 1.31 .048 9.18 461 838 .42
10-19 Nonexposed 13 511 29.32 .639 1940 .423 1342 714 888 473
20-99 Nonexposed 10 203 21.54 447 1791 .372 15.12 442 1257 .367
100+ Nonexposed 14 .297 26.16 .502 20.17 .387 14.71 433 11.34 .334
1+ Nonexposed 73 209 13.03 .339 1078 .280 11.78 475 9.74 .393
Nonexposed 1+ 203 .11 1L74 346 1020 301 832 332 723 288
1+ Nonexposed
Boys Aged 17 Years
Nonexposed Nonexposed 3163 .18s6 10.83 .334 9.13 .282 8.33 285 7.02 240
Nonexposed <1 rad 218 202 11.26  .317 9.37 .264 1093 384 9.0% .320
Nonexposed 19 83 .233 12.00 .403 9.73 .327 14.20 436 1152 .354
Nonexposed 10-19 32 543 21.65 .544 14.03 .353 16,82 581 1090 .377
Nonexposed 20-99 40 .090 10.75 .408 9.86 .374 12.05 439 11.06 .403
Nonexposed 100+ 28 127 4.24 208 3.76 185 7.60 .385 6.74 342
Nonexposed 1+ 183 213 1231 415 1015 .342 13.30 448 1096  .369
<1 rad Nonexposed 63 070 87 .028 81 .026 5714 250 536 234
1-9 Nonexposed 36 .252 540 .203 431 .162 994 391 794 .312
10-19 Nonexposed 11 .668 23.06 .446 13.83 .267 1571  .398 942 239
20-99 Nonexposed 10 .309 1006 .382 7.68 .292 535 .221 409 .16%
100+ Nonexposed 17 172 7.05 276 6.02 .236 4.00 .186 341 .159
1+ Nonexposed 74 .351 9.05 289 6.70 .214 9.85 .350 7.29 .259
Nonexposed 1+ 257 258 1136 376  9.03 299 1229 421 977 335
1+ Nonexposed
—_—
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TABLE 7 Continued 27 #t &

Exposure Status Correlation Relation of Father (F) Relation of Mother {M)
P Coefficient and Offspring (O) and Offspring (O)
No. Of * * * ¥,
Father Mother cases IFM Wro IFo W*ro ro Wmo Mo W'MoO ™MO

Girls Aged 15 Years
Nonexposed Nonexposed 2862 146 9.61 336 839 293 880 368 7.68 321

Nonexposed <1 rad 281 178 9.91 386 841 328 566 281 4.80 .239
Nonexposed 19 87 209 9.93 356 821 295 851 327 704 271
Nonexposed 10-19 33 337 7.66 306 573 229 843 478 6.30  .358
Nonexposed 20-99 43 333 9.55 366 7.17 275 10,63 523 797 392
Nonexposed 100+ 29 AT 12.30 450  8.33 332 992 508 6.72 344
Nonexposed 1+ 197 292 10.00 376 774 291 949 417 711 .323
<1 rad Nonexposed 54 607 1530 421 9.52 262 17.05 481 10.61  .299
1-9 Nonexposed 28 139 19.55 662 17.16 546 975 351 856  .308
10-19 Nonexposed 8 L0101 1550 548 9.68 342 429 314 268 .196
20-99 Nonexposed 11 009 19.25 597 19.08 592 798 359 791  .356
100+ Nonexposed 10 —.067 8.34 350 7.82 U328 12.68 U730 11.88 684
1+ Nonexposed 57 126 15.86 523 1409 465 971 416 8.62 369
Nonexposed 1 254 256 1131 413 9.00 .329 931 415 741 330
1+ Nonexposed

Girls Aged 16 Years
Nonexposed Nonexposed 3059 193 1049 374 879 314 858 384 719 322

Nonexposed <1 rad 244 097 7.39 265 674 242 6.09 271 555 247
Nonexposed 19 80 200 16.03 509 1336 424 946 356 7.88 (297
Nonexposed 10-19 45 130 7.47 328 6.61 290  8.74 500 7.73 443
Nonexposed 2099 57 .203 8.59 376 7.14 313 8.69 390 7.22 324
Nonexposed 100+ 30 .395 17.08 660 12.24 473 14.22 488 10.19 350
Nonexposed 1+ 212 220 1225 461 1004 378 964 404 790 .331
<1 rad Nenexposed 66 258 1146 392 911 312 10,99 446  8.74 (355
19 Nonexposed 22 197 3.36 217 281 181 10.18 668 851  .558
10-19 Nonexposed 11 =212 23.82 671 19.65 554 -8.17 -.359 -6.74 -.296
2099 Nonexposed 12 638 10.44 .344 6.37 210 5.72 141 3.49 086
100+ Nonexposed 11  -.679 -10.05 -.331 -599 -.197 8.24 480 491 286
1+ Nonexposed 56 .048 7.64 256 7.29 244 5.06 213 4.83 203
Nonexposed 1+ 268 177 1128 413 958 .351 869 364 7.38  .309
1+ Nonexposed
Girls Aged 17 Years
Nonexposed Nonexposed 2884 114 9.80 .339 8380 304 8350 357 7.63 .321
Nonexposed <1 rad 228 084 9.76 345 9.00 318 917 408 846 376
Nonexposed 1-9 92 158 14.27 471 1232 407 1290 538 11.14 465
Nonexposed 10-19 38 335 1345 618 1007 463 713 417 579 312
Nonexposed 20-99 52 025 6.30 307 6.15 300 2.44 .145 2.38 .142
Nonexposed 100+ 18 520 1197 339 7.87 223 1403 499 923 328
Nonexposed 1+ 200 .198 11.40 430 952 359 922 428 790 357
<1 rad Nonexposed 66 141 14017 427 1242 374 1334 468 1169 410
1-9 Nonexposed 17 193 9.72 249 8.15 209 6.22 0 263 5.21 221
10-19 Nonexposed 5 969 1474 516 749 262 11.03 578 560 .2%4
20-99 Nonexposed 10 062 14.95 425 14.08 400 14.17 449 13.34 423
100+ Nonexposed 6 601 4883 897 3050 .560 15.65 636 978 .397
1+ Nonexposed 38 .247 16.59 447 13.31 359 9.55 372 7.66 298
Nonexposed 1+ 238 206 12.18 432 1010 358 920 414 763 343
1+ Nonexposed
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TABLE 8 COMPARISON OF ESTIMATED VALUES BETWEEN OFFSPRING & AN EXPOSED FATHER &
NONEXPOSED MOTHER - BOYS

H8 WHE - SEEMEE T (B) oMo EEO L
Father . . .. Nonexposed <1 rad 1+ 1ad 1+ Nonexposed
Mother. . . . Nonexposed Nonexposed  Test Nonexposed  Test Nonexposed 1+ Test

Item (1) (¥))] 1P (3} MAHP 4 (L:4)P

Boys Aged 15 Years
Mean 163.70 163.98 356 NS 162.36 1.640 NS 163.71 027 NS
Variance 36.30 36.34 1.00 NS 36.05 1.01 NS 30.84 1.18 Sug
Covariance (Wgg) 10.68 12.41 - - 18.97 - - 14.82 - -
Covariance (Wy10) 9.54 12.82 - - 4.36 - - 1.96 - -
Z-value (Zyq) 2308 .323 .107 NS 533 1.609 NS 466 2.364 P<.02
Z-value {Zp50) .331 2376 335 NS 173 1.074 NS .308 327 NS
W*Fo 9.04 9.21 - - 15.51 - - 11.94 - -
W*Mo 8.07 9.52 - - 3.56 - - 6.41 - -
Z*po 259 236 167 NS 422 1.172 NS 367 1.619 NS
Z*m0 2717 274 024 NS 141 925 NS 246 459 NS

Boys Aged 16 Years
Mean 165.76 166.61 1.358 NS 165.68 .109 NS 165.97 .609 NS
Variance 30.76 29.08 1.06 NS 39.55 1.94 P<01 32.96 1.07 NS
Covariance (Wgg) 10.90 10.27 - - 13.03 - - 11.74 - -
Covariance (Wp0y) 9.68 9.82 - - 11.78 - - 8.32 - -
Z-value (Zrq) 345 .385 337 NS 353 .066 NS 361 .261 NS
Z-value (Zy0) 354 .288 558 NS 517 1.382 NS 345 .150 NS
W*eo 3.80 9.17 - - 10.78 - - 10.20 - -
W*Mo 7.82 8.77 .. 9.74 - - 7.23 - -
Z*gg 275 341 .557 NS 288 .109 NS 311 .593 NS
Z*M0 282 .255 225 NS 415 1132 NS .296 235 NS

Boys Aged 17 Years
Mean 166.80 166.67 .185 NS 166.72 .135 NS 167.00 573 NS
Variance 30.95 30.38 1.02 NS 26.23 1.18 Sug 29.53 1.05 NS
Covariance (Wrg) 10.83 87 - - 9.05 - - 11.36 - -
Covariance (Wyo) 8.33 5.74 - - 9.85 - - 12.29 - -
Z-value (ZyQ) 347 .028 2450 P<<02  .297 424 NS .395 .746 NS
Z-value (Zpmo) 293 255 .299 NS .365 611 NS 449 2.423 P<.02
W*Eo 9.13 81 - - 6.70 - - 9.03 - -
W*mo 7.02 5.36 - - 7.29 - - 8.77 - -
Z*ro .290 026 2.025 P<.05 219 .616 NS .308 288 NS
Z*40 245 238 050 NS 265 171 NS .348 1.613 NS
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*

TABLE ¢ COMPARISON OF ESTIMATED VALUES BETWEEN OFFSPRING & A NONEXPOSED FATHER &
EXPOSED MOTHER - BOYS

#9 NERE - BEALT(B) OMOMEERO LR

Father .. .. Nonexposed Nonexposed Nonexposed 1+ Nonexposed
Mother. . . . Nonexposed <1 rad Test 1+ rad Test Nonexposed 1+ Test
Item (1) 2 ay@P 3) (3P 4 :(a P
Boys Aged 15 Years
Mean 163.70 163.96 601 NS 16410  .991 NS 163.11 .027 NS
Variance 36.30 4099 1.13 NS 28.84 1.26 Sug 30.84 1.18 P<.10
Covariance (Wgg) 10.68 6.61 - - 13.09 - - 14.82 - -
Covariance (Wp0) 9.54 5.62 - - 8.7 - - 7.96 - -
Z-value (Zpg) .308 192 1.701 P<.10 431 1.628 NS 466 2.364 P<02
Zvalue (Zp0) 331 180  2.189 P<.05 341 .133 NS .308 327 NS
W¥ro 9.04 5.66 - - 10.54 - - 11.94 - -
W*0 8.07 4.81 - - 7.01 - - 6.41 - -
Z*ro .259 164 1.379 NS 339 1.076 NS 367 1.619 NS
Z*v0 277 153 1.797 P<10 270 .086 NS 246 459 NS
Boys Aged 16 Years
Mean 165.76 166.92 2974 P<01 166.07 810 NS 165.97 609 NS
Variance 30.76 33.62 1.09 NS 30.89 1.00 N8 3296 1.07 NS
Covariance (Wgg) 10.90 11.01 - - 11.33 - - 11.74 - -
Covariance (Wp10) 9.68 8.61 - - 7.16 - - 8.32 - -
Z-value (Zrp) 345 323 .329 NS 363 .261 NS 361 261 NS
Z-value (Zp10) .354 283 1.030 NS .294 868 NS .345 .150 NS
W*ro 8.80 9.12 - - 10.03 - - 10.20 - -
WMo 7.82 7.13 - - 6.34 L - 7.23 - -
Z*Fo 275 265 .143 NS 318 .630 NS 311 .593 NS
Z*Mo0 .282 233 .715 NS 259 .343 NS .296 .235 NS
Boys Aged 17 Years
Mean 166.80 167.94 2.844 P<01 167.11 .740 NS 167.00 573 NS
Variance 30.95 34.24 1.11 NS 31.00 1.00 NS 29.53 1.05 NS
Covariance (Wgo) 10.83 11.26 - - 12.31 - - 11.36 - -
Covariance (Wp0) 8.33 10.93 - - 13.30 - - 12.29 - -
Z-value (Zpo) .347 328 275 NS 442 1.244 NS 395 746 NS
Z-value (Zyp0) 293 405 1.601 NS 482 2.506 P<.02 449 2.423 p<.02
W*ro 9.13 9.37 - - 10.15 - - 9.03 - -
WMo 7.02 9.09 - - 10.96 - - 9.77 - -
Z*po 290 270 281 NS 356 877 NS .308 .228 NS
Z*m0 245 332 1.246 NS .387  1.889 P<10 .348 1.613 NS
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TABLE 10 COMPARISON OF ESTIMATED VALUES BETWEEN OFFSPRING & AN EXPOSED FATHER &
NONEXPOSED MOTHER - GIRLS

#10 SCEE - BERRLT (X)) OMOEEED LS

Father . . . . Nonexposed <1 rad 1+ rad 1+ Nonexposed
Mother. . .. Nonexposed Nonexposed  Test Nonexposed  Test Nonexposed 1+ Test
Item (1) (2) (D2 P- 3 (1):(3)P (€] (:(4 P
Girls Aged 15 Years
Mean 154 .46 153.77  .811 NS 154.11 227 NS 154.30 055 NS
Variance 24.39 20.51  1.19 Sug 2192 111 NS 21.56 1.13 NS
Covariance (Wrg) 9.61 15.30 - - 15.86 - - 11.31 - -
Covariance (Wypo) 8.80 17.05 - - 9.71 - - 9.31 - -
Zvalue (Zpg) .350 449 743 NS .580  1.711 p<.10 439 1.377 NS
Z-value (Zpo) .386 524 997 NS 443 420 NS 442 .853 NS
W*ro 8.39 9.52 - - 14.09 - - 9.00 - -
W*i0 7.68 10.61 - - 8.62 - - 7.41 - -
AN .302 268 251 NS 504 1.496 NS .342 612 NS
Z*M0 .333 308 .176 NS .387  .404 NS .343 155 NS
Girls Aged 16 Years
Mean 154.89 15397 1.513 NS 155.85 1.557 NS 155.21 1.031 NS
Variance 23.81 24.39  1.38 p<01 2215  1.52 P<.01 24.21 1.35 P<01
Covariance (Wg@) 10.49 11.46 - - 7.64 - - 11.28 - -
Covariance (Wpp) 8.58 10.99 - - 5.06 - - 8.69 - -
Z~valve (Zro) 393 414 168 N§ 262 .982 NS 439 740 NS
Z-value (Zp0) 405 480 593 NS 216 1.385 NS .381 .364 NS
W*ro 8.79 9.11 - - 7.29 - - 9.58 - -
W*Mmo 7.19 8.74 - - 4.83 - - 7.38 - -
Z*rg .325 .323  .018 NS .249 568 NS .367 667 NS
Z*Mmo 334 371,295 NS .206 941 NS .319 226 NS
Girls Aged 17 Years
Mean 154.95 154.93  .029 NS 15595 1.109 NS 155.18 .706 NS
Variance 24.79 3407 137 P<.05. 3220 1.30 P<05 23.92 1.04 NS
Covariance (Wgg) 9.80 14.17 - - 16.59 - - 12.18 - -
Covariance (W) 8.50 13.34 - - 9.55 - - 9.20 - -
Z-value (ZgQ) 353 456 842 NS 481 774 NS 462 1.634 NS
Z-value (Zp09) 373 508 1.069 NS 391|102 NS 440 .997 NS
W 8.80 12.42 - - 13.31 - - 10.10 - -
Wm0 7.63 11.69 - - 1.66 - - 7.63 - -
Z*Fo 314 393 645 NS 37 374 NS 374 906 NS
Z*Mo .333 436  .820 NS .307  .150 NS .357 .368 NS
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TABLE 11 COMPARISON OF ESTIMATED VALUES BETWEEN QOFFSPRING & A NONEXPOSED FATHER &

EXPOSED MOTHER - GIRLS

11 CEHR - BEB LA () OBOEERO LR
Father .. .. Nonexposed Nonexposed Nonexposed 1+ Nonexposed
Mother. . . . Nonexposed <1 rad Test 1+ rad Test Nonexposed 1+ Test
Item (1) (2) (12:(2)P (3) ax@3e 4) (1:(H 2
Girls Aged 15 Years
Mean 154.46 155.25 2.757 P<.01 154.35 323 NS 154.30 529 NS
Variance 24.39 21.34 1.14 P= .10 21.55 1.13 NS 21.56 1.13 NS
Covariance (Wgg) 9.61 9.91 - - 10.00 - - 11.31 - -
Covariance (Wp0) 8.80 5.66 - - 9.19 - - %.31 - -
Z-value (Zgo) 350 407 929 NS .395 623 NS 439 1.377 NS
Z-value (Zp10) 386 289  1.567 NS 444 789 NS 442 .853 NS
W*Eo 8.39 8.41 - - 7.74 - - 9.00 - -
W*nmo 7.68 4.80 - - 7.11 - - 741 - -
VAL 302 341 626 NS .300 030 NS 342 612 NS
Z*MO 333 244 1434 NS .335 .030 NS 343 .155 NS
Gitls Aged 16 Years
Mean 154.89 155.26 1.161 NS 155.30  1.175 NS 155.21 1.031 NS
Variance 23.81 2291 1.04 NS 24 .82 1.04 NS 2421 1.02 NS
Covariance (Wgp) 10.49 7.39 - - -12.25 - - 11.28 - -
Covariance (Wpo) 8.58 6.09 - - 9.64 - - 8.69 - -
Z-value (Zro) 393 271 1.848 P<<.01 499 1.515 NS 439 740 NS
Z-value (Zypo) 405 278 1913 p<10 428 331 NS 381 364 NS
W*po 8.79 6.74 - - 10.04 - - 9.58 - -
W*Mo 7.19 5.55 - - 7.80 - - 7.38 - -
Z¥fFo 325 247 1.187 NS .38  1.044 NS 367 667 NS
Z*MO 334 252 1.232 NS 344 .141 NS 319 226 NS
Girls Aged 17 Years
Mean 154.95 15560 1.900 Sug 155.03 .233 NS 155.18 706 NS
Variance 24.79 25.17 1.02 NS 22.32 1.11 NS 23.92 1.04 NS
Covariance (Wgg) 9.80 9.76 .- . 11.40 - - 12.18 - -
Covariance (Wp0) 8.50 9.17 - - 9.22 - - 9.20 - -
Zvalue (Zpg) 353 .360 .099 NS 460 1.46% NS 462 1.634 NS
Z-value (Zmo) 373 433 870 NS 457 1154 NS 440 997 NS
W*ro 8.80 9.00 - - 9.52 - - 10.10 - -
WMo 7.63 8.46 - - 7.70 - - 7.63 - -
Z*ro 314 .329 226 NS .376 849 NS 375 906 NS
Z*s0 333 .395 912 NS 373 559 NS 357 .368 NS
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TABLE 12 REGRESSION COEFFICIENT FOR THE RELATION BETWEEN EXPOSED FATHER &
NONEXPOSED MOTHER

#£12 CHIREE L GIEHREN O ME U BIHR S

Nonexposed & Exposed Father & Exposed Father & Nonexposed Mother

Ttem Nonexposed Mother
Constant Slope T-value (df=3) Constant Slope T-value (df=2)

Boys Aged 15 Years
Mean 163.67 —.01190 1.271 NS 162.41 —.00426 1.185 NS
Variance 36.29 —-.37051 - - 13.75 08607 - -
Covariance (WgQ) 10.68 12483 - - 17.19 06441 - -
Covariance (Wp0) 9.53 —.03947 - - 3.88 -.01135 - -
Z-value (Zpg) 31 .00357 3.041 P<.10 .50 00271 5.201 P<.05
Z-value (Zpg0) .33 -.00123 930 NS .20 —.00065 .534 NS
W¥ro 9.04 .08910 - - 14.43 03910 - -
W*Mo 8.07 -.03433 - - 3.08 —.00955 - -
Z*ro .26 .00183 1.726 NS 42 .00111 1.849 NS
Z*mo 28  —.00105 925 NS 16  -.00052 —.513 NS

Boys Aged 16 Years
Mean 165.76 00023 062 NS 166.00 —.00049 .128 NS
Variance 30.76 .05381 - - 23.52 07726 - -
Covariance (Wpg) 10.90 .03894 - - 2.40 .06963 - -
Covariance (W) 9.68 .01569 - - 10.04 01439 - -
Zvalue (Zgg) .34 .00060 689 NS 24 00093 1.000 NS
Zvalue (Zpo) .36 00037 466 NS .58 ~.00031 561 NS
W*rFo 8.80 202890 - - 2.01 05342 - -
W*Mmo 7.82 01101 - - 8.54 .00836 - -
Z*ro 273 .00039 652 NS 16 00072 1.255 NS
Z*m0 28 00023 439 NS 46 —-.00031 2.576 NS

Boys Aged 17 Years
Mean 166.79 —-.00198 350 NS 166.39 —.00059 .087 NS
Variance 3095 —.03471 -- 25.06 —.01447 - -
Covariance (Wgo) 10.83 -.01206 - - 6.02 00364 - -
Covariance (W0} 8.33 -.01515 - - 9.92 —-.02101 - -
Z-value (Zpg) .35 -.00018 484 NS .28 .00005 .143 NS
Z-value (Zp10) .29 —.00036 1.015 NS 40 -.00077 3491 P<.10
W¥ro 9.13 —-.01008 - - 4.68 00447 - -
WMo 7.02 —.01276 - - 7.82 —-.01571 - -
Z*ro 29 —.00015 .528 NS .20 00015 839 NS
Z¥y0 25 —.00031 1430 NS .29 —.00050 2.657 NS
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TABLE 13 REGRESSION COEFFICIENT FOR THE RELATION BETWEEN NONEXPOSED FATHER &
EXPOSED MOTHER
F#13 QJEBHRDE L BROREH OIS L A EEEY

Nonexposed Father & Nonexposed Noenexposed Father & Exposed Mother

Ttem & Exposed Mother
Constant Slope T-valee (df=3) Constant Slope T-value (df=2)

Boys Aged 15 Years
Mean 163.71 .00303 1.023 NS 163.82 .00258 134 NS
Variznce 3628 -.03929 - - 29.08  —.00600 - -
Covariance (WgQ) 10.68  —.00955 - - 9,14 00346 - -
Covariance (Wno) 9.54 .00107 - - 8.42 .00640 - .
Z-value (Zro) 31 .00056 549 NS 42 00014 130 NS
Zvalve (Zpm0) .33 .00060 .603 NS 28 .00081 731 NS
W*ro 9.04  -.01638 - - 7.52  —.00352 - -
WMo 807  —.00444 - - 6.64 .00233 - -
Z*ro 26 .00021 276 NS 33 —.00007 .086 NS
Z*Mmo0 .27 00022 272 NS 21 00048 .540 NS

Boys Aged 16 Years
Mean 165.80  —.00625 2.129 NS 166.59  —.00911 14.596 P<.01
Variance 3075  —.02586 - - 27.67  —.01439 - -
Covariance (Wgo) 10.89 .00073 - - 8.69 .00833 - -
Covariance (Wpg) 967  —.01080 - - 7.97  —.00534 - -
Z-value (ZpQ) .34 00065 3.272 P<.05 .33 .00070  3.198 <10
Z-value (Zpq) 35 —.00026 509 NS 31 —.00008 .145 NS
W*Eo 8.79 .00694 - - 6.95 .01329 - -
W*no 7.81  —.00576 - - 6.26 .00014 - .
Z*ro .27 .00088 3.225 P<.05 .28 .00088  2.879 NS
Z*umo 28 .000005 .012 NS .24 .00016 408 NS

Boys Aged 17 Years
Mean 166.82  —.00237 1.062 NS 167.43  —.00536  3.533 Sug
Variance 3095 —.06074 - - 32.711 —.06870 - -
Covariance (Wga) 10.83  —.02552 - - 12.56  —.03379 - -
Covariance (Wpo) 8.34 .00051 - - 1422  —.02788 - -
Z-value (Zgo) 35 —.00037 518 NS 48  —.00108 2534 NS
Z-value (Zpo) .30 .00073 702 NS .51 —.00044 1.001 NS
W*ro 9.13  —.02055 - - 10.19  —.02564 - -
WMo 7.03 00223 - - 11.69  —.02027 - -
Z*ro 29 —.00026 675 NS 37 -.00067  3.301 Sug
Z*v0 .25 .00068 1.054 NS 39 —.00009 568 NS
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