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ABSTRACT

Since 1950 approximately 1600 exposed and control subjects who were

" in utero at the time 6f the atomic bombings (ATB) .of Hiroshima and

Nagasaki have been studied at ABCC. The PE-86 éample was drawu from the

population of in utero children ATB who were either exposed or non-exposed
-(entering Hirqéhima and Nagasaki between October 1945 and October 1955).

Matching of subjects was carried out so that all available children

exposed under 2,000 m were entered into the study. For each child exposed

‘proximally an attempt was made to include a child exposed distally and one

not-in-city ATB--matched by sex, month of birth and economic status.
Children at all stages of.gestation were ihcluded.
‘During the past year, a four parameter Gompertz-type model was used

to characterize growth during adolescence for Japanese subjectsAwho were

R . . s o . ~ oy PPV IR RS P ST S R a0 Y - Y. a. 2. INnLCT
s M a v LA el bt WA At M Ve M S ALy \esh e ) T UL e s oo

Based on maximum likelihood estimates of the four parameters, statistical

analyses were performed to test for differences between sexes, cities,

- trimesters ATB, and exposure groups. The results obtained indicated. that:

(i) males significantly differed ffom females in ali comparisons; (ii) -
&ifferences among male exposure gfoﬁps‘(indicating some impairment in
adolescent growth) were greater than those for females; (iii) males and
females in Nagaséki differed from those in Hiroshima, respectively; (iv)
differenées among trimester ATB groups were, almost without exception,
non-significant; 'and (v) age at onset of menarche and éstimated_age at the
second point of infleétion of the Goﬁpertz growth curve wére closely

related.



CONTENTS

Section
1. :IniroductionA
2. Materiéls-ana Methods
3. Sex Coﬁparisons |
4. City Cdmparisoﬁs
5; Trimester ATB Comparisoné-
6. . Some Egppsufe Comparisons
7. Summary;

References

Appendix 1.  Programming Flow Chart for Fitting Grompertz

Growth Curves.

Annendiv 2 Qamnla MNubmat Faw -~ O3
o T ) o~ C

Appendix 3.. Tables 1-12

Appendix 4. ‘Figﬁres 1-16

m~eala Cobhd mas

gt = mm g e

14



1. INTRODUCTION

“Since 195§ approximately 1,600 exposed and non-exposed children who
were in utero at che time of the'atomic bonhings (ATB) of Hiroshima and
Nagasaki, dapan, héve been studied by the Atomic Bomb Casualty Commission
. (ABCC). The sample used (known as the PE-86 sample) was drawn from the
population of 1n_g£g£g children ATB who were either exposed or non-exposed
(entering Hiroshima and Nagasak1 between October 1945 and October 1955).
Matching of subjects was carried out so that all available children
exposed within 2,000 m from the hypocenters were entered into the PE-86
‘sample. These subjects will be called the “"Inner Proximal" group (or
"Group 1). For each child exposed proximally an attempt was made to
include evchild exposed distally (5,000 - 5,000 m, Hiroshima, and 2,500 -
-5,000 m, Négesaki) who was of.the same sex, nonth ofAbirth and economic
_ status. These subjectsbwill he called the'"Distal" gronp (or Group II).
The same procedure‘wasAuSed in matching the non—exposed children to the
proximally eprsed. -The non-exposed children will be called the "Not-in-
‘city“ groupv(or Grouo IIl). Children at all.stages‘of gestation ATB were
included._ The children in this study were examined annually at ABCC at a
time near their_birth date. Details on the,selection and composition of
the PE-86 sample can be found in Burrow et al [4], Finch et al [6] and
Beebe and Usagawa [3]', Milton and Shohoji_[9] have estimated ®he dose
(Tentative 196S-Rediation Dosee—T65ﬁ) in rads to the exposed mothers.

Growth is'one of the most basic.expressions of 1ite. That radiation

affects growth.and growth pattern is well establiShed; however, the form
of the effect is not cleérly understood, In:this report, we will examine-
the radiation effects of in utero exposure to the atomic bombs on
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adolescent growth patterns by characterizlng the individual adolescent
growth cycles of subjects included in the PE-86 sample.

Most of the'previous investigations on the analysis of growth have
been concerned with standing heights(or weight) at a particular age, or
with gain ln an interval of time.. Growth has heen analyzed‘as a function
of'time under the assumption that every individual - in the population canf
be represented by one model and that the parameters of the model are
"constant. An addltive residual term is used to account for all deviations
nfrom the model. This logic ignores the fact that individuals give |
distinct reSponses_which should be considered in order to correctly
- interpret growth data. | |

Dening [5] used a Gompertz-type model to fit obserwed height during
the adolescent growth cycle of 48 individual boys and girls, but 1t is not
clear how she determined ‘the asymptotlc values. Laird [7] found that
human (ind1v1dual) weight growth data also could be. fitted adequately with
a Gompertz—type model by breaking the growth into three phases, but it is
not clear how to determine the(boundar;es for these phases. Allen [2]
has constructed‘a general multivariate non-linear model and analysis which
"he feels is.applicahle to growth curves. ‘However, his method requires
heights to be measured at regular interwals. Welch [13] introduced the
-technique of fitting the dependent variable (e.g., height) to orthogonal
polynomials'in thepindependent variablev(e.g., age) coupled with two
4auxiliary modifications to be used as necessary. Maruhini et al [8]
recently published_the results of a study comparing the fit of two
functions--the‘Gompertz and logistic--to adolescent growthjdata in girls.

_‘2.-



2. MATERIALS AﬁD-METHODS

Table 1 shows the PE-86 sample composition by exposure status and
city. Table 2 shows the distributions of the PE-86 sample by Trimester
ATB, Exposure status, Sex and City. Three numbers appear in each cell
for the two tables; The top number 1nd1cates the original sample size
of the PE-86 sample, the middle number indicates the effective sample
| size (i.e., the nomber of PE-86 sample subjects with at least five
'~measurements) and. the oottominumber indicetes tﬁe final sample size used
for this study-(i;e., the-number of PE-86-samoie.subjects used in the
final analysis——convergent estimates of the parameters A, B, L, and U
were obtained by the method of scoring).

The underlying mathematical model that we will consider for desctibing
en individual's growth during his adolescent growth cycle, for avariable

such as "standing height", is
. . . o
y, ~ NIh(), o?]

i.e., yt——the meesutement_of staoding height at age t Years-;is considered
| to be normally diStributed with mean |
SRR A-Bt

“h(t) = L + (U-L)e ¢
.and variance 02; This tegreséion function is depicted graphically in
Figure 1. A detailed discussion of the Gompertz—type growth model and
associated. estimation procedures has been described elsewhere ([1], [10]

and Appendix 1). .~ |

The four psfameters A, B, L, and U fot each individudl in the

effective sampieiwere estimated by a linearized least squares method and
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the method of sco;ing. The'subsequenfAétatistical analysis w;s then
:5aséd on these estimateé (éxcept for the'onset'of‘menarché) rather tﬁan
A};he indiyidual measurements. Multivariéte analysis of variance and |
Adiscriminanf analysisAwere the primary-stafistical techﬁiqués utilized.
-The fittinngf the individual growth curves and the subseduent:s;atisfical."
analysis were @éffofmed witb the use of a high*speéd digital_cdmputer
(the CDC 6600). - | C |
3. SEX .COMPARISONS

Estimates of the fundamental parameters A, B, L,_and U in the Gompertz
growth model, as we11 és other pgramefers, were calculated for approximately
900 children. Table 3 lis;é their mean valggs by city, sex, eprsure Q
statns'and ;rimester ATB; Here; we will‘discués sex differencgs for the
Not;in—citybgrpuééj(the control éroqps). Aithough consiaerable variation
was found amongst the'estimates.of,each parameter in each cell. there were
.still strikingly significhnt sex differeﬁces with respeét to élmost_all
estimated parémeters.

Saﬁple meén éstimaﬁes of the constant A;‘reﬁresenting aﬁ inherent
factor of'aging; shéw a'statistically significant difference (Males—Fémales)
of gbout 5 units in‘Hiroshima and about 4 units in Nagaéaki. The mean sex
difference of tﬁe:eétimated iate-constants, B, also shows statistical
significance in favor of more raﬁid "aging'" for the females than fﬁr the
males. The estim;ted indicés of the induced individqai growth power constant,

e;B, also show_a'significant sex difference;

Estimates bfvthe lower asymptote,'L;'show an average 12 cﬁ difference
between maleé aqd:females (p < 10—4). This tendeﬁcy for tﬂe females to be
shorter at the:start of the adoléscent growth cycle seems to Be natural,

-4 -
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as they also teﬁdIEO be significanely younger than the males (by about 2
to 3 years) at the time of onset, So? of the adolescent g?owth cycle.
Estimates of the upper asymptete, U, which corresponds to the adult
height attained bj the individual, also show an .average 12 cm difference
" between males and females (p < 1074). The estimated mean sex difference
in the constant, K = U - L, representing the total gain in height during
the adoleseent gro@th cycie, is not statistically significant.

eThe‘mean ages of onset ef the adolescent growth cycle differ by
- about 2 to 3‘years§:the male mean being significantly greater than the
female mean. The mean age ae the point of inflection of the female growth
curves is significantly younger than that of thevmales by .about 1;5 to
2.5 years. On the cher hand; the age at which'ehe growtpweyc;eAis
completed, §.» shows no significant sex difference. |

* Both the age at the first point of inflectien, 11;4qf.the estimated
velocity curves and the age at the second foint of inflection, 12; show
significant sex differences. The estimated time intervals between the age
at the point of maximum growth rate (the inflection point of the growth or
"distance" curve)'and either I .

or I, also shows significant sex differences.

1 2
This is due to the sex difference noted for estimates of the constant B.
Estimatee'of the maximum rate of growth (or the peak velocity of
height growth,‘BK/e,‘in cm per month), as represented by the derivative of
the Gompertz curve at the point of ieflection, shews‘a significant mean
difference of eboue 0.2 to 0.3 cm per month in favor of males. This is in

agreement with results reported by Tanner [12] and Shuttleworth [11], but

‘not with the findings of Deming [5].



The,p;eceding results can be summarized és follows (c.f., Tables
-énd-A, and Figupes 2 and 3): (i) The age of onset‘of the adolescent
- growth cycle for feha;es (9 to 9.5 years) is significantly ybﬁnger than
i'for males (11.8 yééts) by aboﬁt 3 years; (ii) Females attain their ﬁaxh
‘"raﬁe of gerthAmofe quickly than ﬁales by about i.5~§o 2.5 years; (iii}
Malés take 5;2‘yeérs,A;nd females about 6.3 to 7.3 years, ;o'compléte‘t
‘adolescent gro&tﬁ cycle after tﬁéir maximum‘rate of grdwthvhas been
attaiﬁed; (iv’.The.ﬁaximum rété of growth for females is less than that
the males; but females aptain‘their maximum rate of growth at a younger
_agé thén-do the'males;

When the es;imates Qf-A,'B;.L, and U afe agsuméd to be diét;ibptci
as 5.4-dimensiongl normal vériable,'no séatistically signifiqant differ.

is found among trimesters ATB for the NOt—in—city'groups (ﬁalgs, or fews

Lem At bl ML ammmb e a mee W a - n - 1.2 [14) TR N B | L L I .. . -~
. et crm e et m e cdmmsees v - sttepgac edva ® LA M nesM AW AN A A A LU M AU LD A “C

A/B, Sé, ?K/e aﬁdAU When‘treated as a S—dimenéional variable. A summar:
" of these reSults‘ébpears'in fables 6 énd 7.

When the vecﬁor of ﬁean‘eStimates of A, Bg L, and U for Nagasaki -
compared to that pf‘Hiroshimé, no.stééistical significance wﬁs found fo-
fhe Not-in-city groups for males, but statistical significance (p < 0.0%
'Qas fouﬁd for feﬁales (trimester ATB pooled) of the Not;in-city groups
‘(c.f.,'figures'A aﬁd 5). The estimatgs of A and B for females in the
Not—ih—city grbﬁp.for Hiroshima were consistently sﬁaller than those for
Nagasaki. Also, the ages of onset and completion of the adoigsgent grow:
cycle fortfemalés in the Hiroshima Not—iﬁ-city groups were youngér and
older, reSpectively, than those for Nagasaki. The mean estimates
of K and BK/e fﬁr females in the Hiroshima Not-in-city group
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Wére4greater andAsmaller than those for Nagésaki, respeqtively.' This means
that the period sf adolescent growth of females in Hiroshima may have been
longer'fhan that.of females in Nagasaki (c.f., Tables 3 and 5).

4o CITY'COMPARISONS‘ |

| Tabie 12 shows city comﬁariséns for the vérious éontrasting groupé.
No statistically signifiéadt differences between_Nggasaki and Hiroshima
were found for:maleé in'Gfo;p I of Group III; but sigﬂificaht differences
(p < 0.01) were found for males (except for the 2nd trimester ATB group)
in Group II. AIf-is to be noted that the mean estimates of A, B, L, and U
for Group II males in Hiroshima are greater iﬁ every comparison than the
‘corrégponding mééﬁ éstimates in ﬁagasaki. This trend also holds for
Group I (except fgr A of the 3rd trimester ATB and U of the 2nd trimester),
 but nofrfor Group iII (é;f.é Table 3). All éity compariéons (except for L

"nf thoa TInAd +vimactay ATR A and R AF fka. AvrA Q-v"mﬁf—ﬁr\v" AT AnA A R Aand T .

- - .

of the ppoled trimester A&B in Group 11) were not statiétically significant
(c.f., T;ble'lZ).' | V

| City différences for females are not as appérent as.fo¥~males;
~although those in Nagasaki Group III significantly differ froﬁ those in
Hiroshima Group III. A similar tendency is ihdi;ated for females in
Group i. These findings suggest that Nagasaki and Hirosﬁima samples should
not be combined for analysis since tbere may be different ionizing
radiation effecfg between Nagasaki and Hiroshima.' For almost all female
comparison groups, the mean estimates of the pafameter B (and the maximum
-rate of growth).iﬁ Nagasaki were greater than in Hiroshima. Also, ;hé .
mean estimates‘o§ the lengtﬁ of the adolescent growth cycle, and‘the‘age
intervals betﬁéeh thé maximum poinﬁ an& the pbints'of inflection of the

-7 -



velocity. curve were shorter for Nagasaki than for Hiroshima (c.f.,

Tables 3 and 125.

5. IRIMESTER ATB.COMPARISONS
No statistically significant differences were found in any of the

trimester ATB comparisons of the mean estimates of A, B, L, and U, except

‘‘for the males of Group II . in Hiroshima (é.f., Table 7).

Nagasaki: For females in Group I, the mean estimates of A, B, A/B,
So’ 12 and Onset—M (age at onset of menarche) increase with trimester ATB,

whereas the mean estimates of S;, K and BK/e decrease with trimester ATB

(c.f., Tables 3 and 7, and Figure 11). The maximum rate of growth

estimates for females in Nagasaki Group I were the largest obtained among

"-the three exposure groups. For males in Group II, the mean estimates of

A, B and BK/e deérease and those of Sc and Si incrgase with trimester ATB,

Rt b AIEFArAannnrs Aava wA + AdrnndFlanne Mhn manm ~nbdmabnn AF 1T £ns

- M ARAnd - AR ey e e - - ——— e - = -

males of Group III in Nag;saki are greater than for any other group of
males. ‘Fbr bqth'males and femaleg in Group I, mean estimétes df U for
thé 3rd trimester ATB subgroup'were lower ﬁhan for any othé}‘group (c.f.,
Taﬁle 3 and Figures 10 and 11).

Hiroshimaﬁ"By multivariate analysis of the vector estimates of
(A, B, L, U), significant differences (p < 0.05) and'suggéstive differences
(p < 0.10) émoﬁg trimester{AiB subgroups were fodnd'for males in Group II
and for females in Group I, respectively. For femalesAin Group I, the

mean estimates of U and A/B increase with trimester ATB. The females of

‘the lst and 3rd trimester ATB in Group I appear to begin their adolescent

growth cycle somewhat later than the females in Group III, but they end at
about the same agé.. On the other hand, the females of the 2nd trimester

- 8 -



ATB in Group II also start their adolescent spurt somewhat later than
i

their counterparts in Group III, but they end their cycle atéan‘earlier
agé. The:mean estimates of A énd.B foi females of both the»}st and 2nd
trimester ATB in Group I are greater than those in Gfoup IIf. The mean
estimates of "ége at onset" and '"length" of the adolescent Lycle for

lsp trimester AfB,females in Group I a?é significantly.later and shoitér,
rgspgctively, than those of Group III.  The mean estimates of A, B, L
and-SoAfér'an trimester ATB females in Group III'are'larger.thanufor
'aﬁy other female éroups-in Hiroshima, whefeas the estimate of Sy is the
smallest. Signifi;ant differences (p < 0.05) were fodnq among the three
"triméster subgfﬁupé of femaies_in Group II forlA, B, So» B'énd BK/e.

For males in éroup I, the estimates of A, B, L, U and BK/e decrease
and the estimates of S increase with trimester ATB, but there is no
-s;atistical significance among the trimester'ATB subgroups.. The estimates
of L and U for Group II decrease significantly (p < 0.05) with trimester
,ATB; ihere are also significant diffe;ences‘among the ﬁean estimates of
(A, B, L, U) fof the tfimester ATB éubgroups;,.The estimatés of A, B, L..
and U fof 3rdAtfiméster ATB males in Group'I are thelloweét that were
oBtained for any group. On the average, thé 3rd frimester’ATB males in
Group I start ﬁheir adolescent growth cycles a little earlier, and attain
a smaller stature, then the 1lst and 2nd trimester ATB males in Group I
who grow in a éimilar fashion as the males in Group III.

6.  SOME EXPOSURE COMPARISONS”

Here we will be conéerned with the radiation effects of ig‘ggggé

exposure to thé[atoﬁic bombs on adolescent growth ﬁatteins. The three "

groups to be cd@pared are the Inner Proximal Group (Group. I), the Distal

-9 -



“Group (Group II) and the Notfin;city Group (Group III), defiqed in Section 1.
Tables 8 and 9 show the ;ésults of exposure comparisons (uniéariate and "’
multivariate) based upon the estimates.of (A, B, L, ﬁ)‘and (éo, A/B, Sc’

BK/e, U)--assumed to be distributed as 4-dimensional and S-Qimension§1
-normal variables, réspecﬁively. Linear discrihinant analysis was also
performed using the estimates of A, B,-L and U'(c.f,, Téblé 8 and Figures 14
ahd‘lS). |

When the»éspimgtes 6f_(A, B, L, U) are assumed to be ﬂistfisuted as

a 4-dimensional'hdfﬁal variable, no statiétically significant differepce‘
fbrffeméles (Nagéséki aﬁd Hiroshima) is found among the three exposure
comparison‘groups for any trimester ATB subgréup. For males,_howe&er,
significant exposure differences (p < 0.05) ére found among the three groups
within Hiroshima'Brd‘trimester ATB subgroupsﬂénd within Nagasaki pooled
trimester ATB (=‘ist + 2nd +,§rd'trimesfer ATB) groups. Sdggestive e#posure
differences (p < OtiO) are: also found among the three exﬁosure groups (for

the 2nd.triméster'ATB subgroups) iri Hiroshima (c.f., Table 8). When we
consider partial exposure comparisons (Groups I vs. II, II Qs. IIi, III vs. I),
significant differences are foﬁnd for the following comparisons: (1) (11, 1II)--
2nd trimester.ATﬁ males, Nagasaki; (2) (1, III)--1st trimester ATB females,
- Hiroéhima; (3) (i, II)—-Brd‘trimester ATB males, Nagasaki; and (4) (iI,‘III)—-

2nd trimester ATB males, Nagasaki (c.f., Tablé 9).

Females in:Hiroéhima: The only signifibant finding using multivariate
: analysis-resultédifrom a par;ial exposure comparison for the lst trimester
ATB. However, when the_estiggtevof A, B, L and U were considered‘sipgly,
significant exposufe differeﬁces (p <‘0.05).for thé méan estimétes of A

and B were found.: Fof the 1stitrimester ATB, the mean estimatés of A and B -

- 10 -



in Group I differed (p < 0.01) f;oﬁ those in Croup III;‘ For the 2nd
trimester ATB; tﬂe mean estimates of A and B in Group'I'differed (p < 0.05)
from tﬁosé in Gromp II. A suggestive exposure difference (p < 0.10) in the
mean estimates of U was also found among the ghree expdsu:é.groﬁps of the
.1st an& pdoled trimester_ATB (c.f., Figure 9); ‘The mean estimate of U for
fhe‘lst trimester'ATB'ianroup I was the smallest for Hiroshima-females;

.it éignificantly'differed;frbm tﬁat for Group III (p < 6.05)._ The mean
estimate‘of U fof thé 3rd trimester ATB in Group I.was.theflargesf for the
Hiroshima-females,ABeing~close'tp thatiobtained forﬂGroup iII. The mean
gstiméte of U iﬂ.Gfoup I increased with trimester ATB (c.f;, Figuré 13).

The mean estimates of A, B, So’ S. and U for 1lst trimester ATB in Group I

i
were all signifiéaﬁtly different (p < 0.05) from those in Group III. The
estimates of'U,.A/B and So for the an triﬁester ATB in GrouplI were also
Asignifiéantly different'(p~< 0.05) fromAthose in Group'III. Thus, the
femalés of lst trimester ATB in Group I show a felatively laté onset of the
adolescent groﬁth-cyéle, quick maturity, and somewhat sﬁorter adult standing
Heights. The‘estiﬁates of'ﬁ fér females (lst trimester ATB);haQing~highly
exposed motﬁer§ (total T65D > 100 rads) were all less than 151 cm (exéept
for one case);'where 151 cm ﬁas arbitrarily éhoosen. The estimates of U
for 12 out of 25'fémales in'Grodp I-(the mothers of 6 out of 12 received
greater than 100 rads as total T65D) is less than 151 cm, but only 20 out
of lll'females in Gfoup III were less than 151 cm. For pooled trimester
‘groups, the mean estimate of U in Group 'I was significangly smaller (p < 0.05)

" than that in Group‘III; The mean estimates of A, B, So and I, in Group II

i
were consistently smaller than those in Group III; and those of U and Si in
Group II were cbnsistently smaller and larger, respectively, than those

in Group III.

- 11 -



Females in Nagasaki: No statistical significance was“found among

the exposure compérisons,of females in Nagasaki (c.f., Tables 8, 9 and 10,

- and Figure'7). 'As‘d19cusséd previously, there is a relationship between

- the estimates of A; B, L and U and trimester ATB for Group I females. The
o 3ra tfiﬁester ATB in Group I differs from tﬁe 6ther groups in that the mean
‘est%mates of.A,ahd,B‘for that group were the largesf; the meankestimate of

U was the smallest, and those of S, and S, were the second largest and

i
.smallést, respectively'(c.f., Figure 11). A iinéér relationship between
age at onset of menarche and age (estimated) at the secondvpoint of

' inflection of the. estimated velocity curve for all Nagasaki females was

also demonstrated (c.f., Figure 16).

.Méles in Hiroshima:- Multivariate analysis using the estimates of
(A,‘B;lL,‘U) reQéaled exposure difference as foliéws: (i) the 3rd
trimeéte:AAIB groups (p < 0.0S)——Group'I vs; II (p < 0.05); and (ii) the
2nd'trimester-ATﬁ.gFQUps‘(p <‘0.05)—— Group II vs. IIi (p < 0.01); When
the estimates (A, B, L, U’ were considered singly,'né statistical
significance wééhfoundAamOng the three groups fGroups I, II and III) and
bgtween the three partial comparison groups (Groups I vs. II, II vs. III
and III vs. I). |

Tables 8.ana 9 and Figure 15 show some resulté based on linear
discriminant‘anéiysis using the estimates of A, B, L and U. Significant
differences (p <.0.05) were found among the three exposure groups (2nd and
3rd trimester ATB) by using a chi-square test. of the significance of each
- discriminant fuﬁctién. Differences between Groups I and III were smaller
thén those betweeﬁ‘Groups II'and III. As mentioned preyiqusly, the méan‘
estimates of A;'B, L and U in Grouf I, aﬁd L and U in Group 11, decrease
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with trimester ATB. The mean estimates of A, B, U, A/B,-So, Il,',I2 and
BK/e for the 3rd Erimester ATB in Group I were the lowest obtained in
Hiroshima. The number- of subjecfs who had'estimates:of U less than

160 cm was 13 out of 143 in Group III, 24 out of 133 in Cr0up I, and 14 out

-of 100 in Group II;

Males iniNagaSaki: Multivariate exposure comparisons ﬁsing estimates

of (A, B, L, U) féQééled a statistically.;ignificapt.differéncg (p < Q}OS)
-among the pooled trimester ATB groups, and a suggestive difference (p < 0.10)
for tﬁé 2nd trimeﬁﬁét ATB groups. Signifiqant exposure differences
(p < 0.05) for the.est;mates of L and U were also'found‘by'ﬁnivariaté'methbds
for the 2nd trimester ATB ngUps and‘pooled trimeétef ATB groués. The mean
estimate of U for the 3rd trimester ATB’in Group I was fhe‘lowest obtained
in Nagésaki (as:in Hiroshima). The smaliest maximum réte of’grbwth was
achieved by thg;Zﬁa ;rimester ATB of Group 1 iﬁ Nagaséki (in Hiroshima, it
was Sy;the 3rd trimester ATB in Gfoup I). Significant differences (p < 0.05)
améng Grbups I; if}aﬁd‘lllifor.the 20d trimester ATB groups and for ;hé
poole&‘trimestef_ATﬁ group, were élso found by the use of line;r discriminant
analysis. The n&@ber'of sﬁbiects with estimates of U less than 160 cm
was 1 ou£ of'éf 1n{é:oup III, 8 out of 44 in Gfoup‘I,‘and 22 out of 59 in
Group II. The numBér lesé than the smallest estiﬁate of U in CrOup IIT
(154.9 cm) is 6;(éll'in'Group I).

.‘Tables'ld'an&‘ll sumﬁari?e,the results of.thé expoéure comparisons
by city, sex aﬁd'trimestér ATB whgﬁ Group I (Inner Proximal group) is
divided into tquégb-groups (;ccording to distahce frém tﬁe hypdcenters;
and T6SD dose tbztﬂe mothers, respéctiQei&.-'No consistent ‘pattern.is
evident among theéé exposure comparison groups. |

- 13 -
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7. SUMMARY

Since 1950 aﬁppoximately 1,600 exposed andocontroi subjects who were
in utero at the timé of the atomic bombings of Hiroshima and Nagasaki have
been studied at ABCC.A The sample was drﬁwn‘frém the population of in utero
’children ATB whs‘wereAéither exposed or nog4exposed (entering Hiroshima and
ﬁagasaki between Ogtober 1945 and October 1955). ‘Ma;ching of subjects was
carried out so ﬁhat alllaQailable-childreﬁ eiposédiuﬁder 2,000 m wefe
4 entered into the study. For each child exposéd proximally an Attembt was
made to include a child exposed distally ané one Noﬁ—in—city ATB-—matchéd
by sex, mopth of birth and economic status. Children at éll»stages of
-gestafion weré included.

‘The primary objectives of this research project were:

4(a) to obfain meanipgful staﬁistical estimates of biological parameters
descriétive of adolescent growth, an§

" (b) to determine, using these statistics, wﬁether or.not éxposure to
. A-bomb ionizing fa&igtion,while in utero has resuitéd in impairment of growth
during adoleséencé; 

Towards this‘end, a computer programmed two stage estimation procedure
was developed and,applied to the estimation of a four parameter Goﬁpertz-

type growth curve (using the variable standing height) for each subject in

the study. Tweivé.tables and 21 figures describing the methodology used

and summarizingAthe results obtained were presented. Satisfactory estimates
(i.e., convergent by the method of scoring) were obtained for 903 out of
‘1,608 subjects in'the study sample. The'mainbfindings based on the analysis -

of the estimates obtained for these 903 subjects were as follows:

- 14 -



Al) The growth»patternAof males's;gnificantly differed ffqm femalea
for all comparisen groups. In particular: (i) males.start the adolescent
~growth épurt 2'to 3 years later than.females; (ii) females attain their
maximum rate of growtﬁ about 1.5 to 2:5 &ears eariier than males;

(iii) the maximum rate ef growth of females is significantly leSS than.'
males; and (iv)~the estimates of L and U fer>tﬁe females are significahtly
.lower_than those of the maies,

2) Novstatistically significant differencés Qere found between
»Nagasaki and Hiroshima for either Inner Proximal or Not-in-city male group
comparisons. Males of‘the Distai groups, however, differed significantly
betweep Nagasaki and Hiroshima. -The mean estimates of A, L, U, A/B,ASO,

1 2
Nagasaki for all trimester ATB groups. The Nagasaki Distal group males’

K,'K/L, I, and I, for Hiroshima were consistently higher‘than those for

Began their adoiescent growth cycle a little earlier than the Hiroshima
Distal group males, but ateained aAsomewhat sherter adult stature.
Statistieally sigpificant differences between Nagasaki and Hireshima were
found for females in the Inner Proximal and Not-in-city groups. The
females of thellnner Proximal and the Not?in—city groups in Nagasaki
completed their adolescent growth eycies more quickly than those in Hiroshima.

| 3) With tbe_exception‘of the>Hifoehima Distal group males, there were
no significant'differences among .the trimester ATB groups.‘

4). Signifieant differences were foend for exposure group comparisons

as follows: (i) Eetween the>Distal groups and the Not-in-city groups of
the 2nd trimeseer‘ATB‘males in both Nagasaki'and Hiroshima; (ii) between
the Inner Proximal group and the Distal group of the 3rd trimester ATB males
in Hiroshima; (iii) between the Inner Proximal group and the Not- in-city

- 15 -



group of the 1lst trimester ATB females in Hiroshima; and (iv) among the
three exposure gfoups of the pooled triﬁester ATB males in Nagasékiw

5) The differences among the three male exposure groups were greater
than those for tﬁe females—--no significaht,differénces were found among.
the three Négasaki'female qompafison groups (Innér_Prokimal, Distal?
Not—in—city) when only the estimates §f the four fuﬁdamental parameters (A,
B, L;,U) were used. | | |

6) The meén estimates of U for thé 3rd trimester ATB Inner Proximal
group males (in both cities) were the smallest obtained for any group of
males. The mean estimate of U for the 1lst trimestef ATB Hiroshima Inner
Proximal females was the smallest obtained for any group gf females,
differing significaﬁtly-from the corresponding Not-in-city group. In
Nagasaki, the mean estimates of U for the exposed males (=_Innér Proximal +
Distal) by’trimester ATB were consistently lpwer thanithése forAthe Not-in-
city group.  In Hiroshima, the mean estimates of U for the exposed males
decreased with trimester ATB.

7) For the males, Nagasaki and Hiroshima, differences between the
Inner Proximal gfoup and the Not-in-city group were smaller than differences
between the Disfallérohp and the Not-in-city group, except for éhe 3rd
triﬁester males. For the 3rd trimesterlmales,ithe Inner Proximal group
differed from tﬁe Distal and the Not-in-city groups. For the‘females,
differences between the Inner Proximal group and the Distal group were
smaller than difféfences between the. Inner Proximal gfoup and the Not-in-city
group (when trimesfér_ATB weré pooled).

8) A linégg relationship between age at onset of menarche and age
(estimatea) afvﬁhe second point of inflection of the estimated Gompertz
growth curve Was.found.
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APPENDIX 1

Programming Flow Chart for Fitting

Gompertz Growth Curves

numericel pgocedure for estimating perameters,(A, B, L, U) as
:discussed in Section 3-2, Part II. The actual Progrem GROWTH
is listed'iﬁ Appenaix‘z. Ad, Ba; Lg ‘ehd Uy ‘denote the
.eetimates ofithe parameters A, B,.L and U, respectively,‘
at the end of the a-th iteration.';

. Pro ramming Flow Diagram
khkkkkhkkhkhk® hhkdkk *hkkhkk

INPUT: Read data where OUTPUT: Print and
N the number of measure- '< Punch the 6@
ments is N o results
<O . o Tﬁ
N - 5/ ; —
20

STMAX = Maximum of standing heights

100, ’
= 200 as impossible values

\

Set a =1 where g 1is the
number of iterations

Put

o
O
"

(o]
@)
11

Lo = (Previous estimate of L) = 5

Ug = (Previous estimate of U) + 5

]To estimate Ay and Bg
by least squares method




>0

Ag - 30 Ag = 30]
<0 | j
By - 1h >0 Bq = 1] -
<0

To estimate Ly and Uy by least squares method '

. \l, : - <0 o '
' ]

f ' ' >0 . |
Uy - 200 _ >|Ua = 200
€0 fg ' : '

)
| e
non
W
Q
-
w
on

To estimate . Ay and By by weighted least squares method

(To check boundary conditions)

<0

. 1l
Aa Aa - ’Z_Al, IA = 2
20
>0
Ag - 30— Ay = 30
< Ia = 2
N2 <0 I
EB_GJ > By = =Bl, IB = 2
=0
BBG = 1f = Ba = 1
<0 IB = 2




Put Ul = U, and Ll = Lg

P

L

:

/

[To estimate I and U by least squarés methoéJ;

i

20

[Put U = %(u + 3-sTMAX) ]|

L, - 100 <0 Lo = 100
20 '
Uq - 200 }— _ Uy = 200
Zol” o
\
[To count the number of iterations: a = a + 1
AQ = Al, BQ.‘::‘ Bl, Lg = Ll, UQ = Ul,
IA =2 or IB = 2 ' - . Yes
No . '
r - T - VYes
JALL 4 relatlivc errors V.UVl |—2—
ER = Too—————
g0 |
' <10 :
“{U - STMAX }— <8
fu - sTMAX - 15} >U = STMAX + 15/
£0
N N

L 4
STOre Tne results
and information |

needed

Remove youngest
observation used
N=N-1

<0
RO

20

|To choose a set

of suitable

measurements

i

: ~ Not
LF' Convergent

Convergent status

of previous step

Convergent




|
|

I

To choose a set of suitable measurements for the method
of scoring and initial trial values, where the initial
trial values for the method of scoring are one set of

the estimates of A, B, L

and U

calculated by the

above procedure (two step linearization procedure)

7

|To apply the method

of scoring

30

a: the number of iterations | ‘
Ay, Bgsy Lg and Uy are
estimates at the end of
a-th iteration
< \1, >0 >0 —
Ag = Sha 12 Ia Ay - 30 Ay =
<0
V 50
I <n
02 VY
Bg = %Bg-1 Bq
>0
| \ 20
>{u, - sTMAX - 20 Uy = STMAX + 20
<0
<0
>0 .
<0 .
Uy, - Lg Lg = Lo-1
, Uy = Uq_
>0 o] a-1
. \ '. I/
a=a+ 1k




To check all boundary

conditions

Pass .

f1lst time, all 4 relative

Yes

<0

[\ 7

errors are less than 0.0001}

2nd time, all 4 relative

NN

Yes

P,

errors are less than 0.0001

7\§ot'convergéng>

Remark: Possibie overflow and underflow are checked at
each calculation, where necessary. ‘



2
MF NO, 53260

CONRINATES ¢ "6.50, 62,88)

»

CALCULATED. AT SEPT, 28, 197%1,

EXPOSURE GRCUP DISTAL DISTANCE 3283 (M) AIR 165D
NAGRSAK] DaTE nF BI!RTH WOV, 14, 45, DATE OF RNEATH - -0, BLOOD AG GAMMA 0 0
MALE TRIMESTER ATB 2 : . INJURY 9999  NEUTRON [} 0
- TOTAL 0
STANDIHG SITTING Hi aD WEIGHT .
NO, AGE ATE HONTH MEASUR INCRIM ©  MEASUR INCRIM MEASUR INCR  MEAUR INCR
1 9 54 - 13 108 111.0  0,090C0 63,5 p.00000 52,0 0.00800 _ 2t,9 3,73%33
2 10 55 - 11 120 116,32  5.000600 66,0 2,50000 52,3 $30000 24,6 2,19000 .
3 11 56 - 11 132 12i.,9  5,00000 68.5 2.50%0f 52,2  ~.i25400 26,0 2, a0apn0
¢ 12 57 - 11 144 327,2  6.00C00 68,5  g.00200 E2,¢ $6MINQ 24,0 £,q0eQ0
5 13 58 - 11 155 129,56  2.00809 74,1 2,4p000 @ &3.9 «SPR2I0 T 29,4 X,E3nan
6 14 59 - 12 16% 139.0 9,23077 76,2 . 4.70709 54,1 .73846 Ja,n B,ngT7
7 015 ‘61 - 1 0 152 149,00 9,23077 - EN,8  7,91538 55,2 1.031538° 4A,6 7 ,47-90
8 716 61 - 1L 192 156,2  6,03000  €5,3 ° 1.Aeuan 54,8 =id4Biug 48,2 c1,uzagn
9 17 63.- 2 207 i53,0 800007 6,3 L8063 58,0 640U 51,4 2,723p0
1¢ 18 .63 - 10 215 155,0 0.20000 R6,9 .9arnn 55,0 C.0un0g 49,5  a3,1hnpn
11 19 64 - 10 227 154,08  1,0€000 €7.3 LAGDO0 0 55.9  =.20uM0 51,3 1,rgnrga
USED REPL, . A-ESTIMATE " B-ESTIMATE L-ESTINATE U-ESTIMATL HMEAM DIFF, S.S. MEAN SS A/B  1008/K ONSET  ATTN .
11 27 CONVERGE 5.532784 V036773 112,351892 16G.04066: 2,9552 51,3125 7.3364 150,485 ,077 106,35 288,24
10 19 CONVERGE 8,221812 .0651954 118,697645 157,853%0: 2.8535 39,0530 6.5083 158,253 ,133 127,78 251,95
9 17 . CONVERGE 13,216¢73 «080270 124.006660 156,17149¢ 1,8924 20.1182 4,0236 164,646 ,250 145,43 222,83
8 16 CONVERGE 16,614023 .095540 127,246908 155,81656: 17461 1,4683 L3471 167.636 334 1531,7¢ 215,25
7 49 CONVERGE 17.049440 191234 128,172239 155.7084%¢ 7870 1,1953 .3984 168,416 ,368 153.52 213,01
6 12 - CONVERGE 16,1425¢C1 1097096 124,235730 155.74076! 1,2082 1.,282) L6410 166,253 ,3(8 15C,42 214,14
€ 14 - CONVLRGE 20.836117 (163713 135,294020 155,40237¢ 11,2886 5751 .5751 176,138 ,814 167,36 201,78
eeees THE DATA USED FOR SCORING METHOD weeve :
8 16CONVERGE 16,014003 1095540 127,246998 155,816561 « 746090 1,668330 367083
eeeee RESULT CF METHOD OF SCORING sevee ) -
8§ 6 CUNVERGE 15,689127 093562 127.203809 155,89377¢ 17073 1.4421 .3605 167,591 ,326 151,37 216,28-
DL/DX DL/DA = -5,5245E-¢7 DL/DB = 8.9222E-05 DL/DL = 1,2342E-12 DL/DU = 4,2215E-12 :
SHOW LOCAL MAX  DETER-1 = ~1,67E+b2 DETER-2 = 2,09E+06 DETER-3 = -2,42€+p6 DETER-4 = 5,35E+06 LOMaX
KOLOMOGOROY ONE SAMPLE TEST <«- MAX OF DIFFERENCES = 2,49a1F-n1 PRIBABILITY = 6T .20 :
ese |NFORMATION MATRIY ees 1,69559032€+02 -2.90172(85E+04 =1.19083359E+01 =1,25264019E+014
4,97857680E+96 1,98130321E+03 2,27404054E+03
2,30186753E+00 5,95831762E-01
: 4,50646894E+C0
eee INVERSE OF INFORMATION swe 4,47851835E+90 2.61409592E-p2 8,91633656E~01 -8,60292347E-01
' . 1,52974513E-04 4.90569096E-03 «5,17954°62E-03
8.56308529E-01 =1,11159333€-01
: . : : 4,58975535E-91
eee NORMALIZED INVERS [NFQees 1.,00000000E+30 9.98722¢78E-01 4,56602778E-01 =6,00045422E-01
. 1,00000000E+00 4,36131956E-01 -6.,18139795E-01

MONTH ESTIMATE MONTH ESTIMATE . FOMTH ESTIMATFE
179 177,20 L 1us 127,78 11¢ 127,20
139 2720 135 - 127,26 140 127,20
140 1X0FE 145% 135,73 170 140,12
19y 182,97 195 35x,77 Zon 154,54
227 155,88 e2r 155,76 23c 165,31

(Y=L 28,68696632 (y=-1r7y

¢,9¢25/8 10,28731627 1ST INFL

B(u-L)/E 198759015 ExP(-B)
€326°2172117049032833 D] ¢ J C .0 R 6 16111568
S3¢60 13759 IN.L 1TLRT 21628 64%0 2309 164

MONT
118
145
175
205
23%

i1

1329 15739 17788

H OESTINMATE
127,21 120
127,2) 150
149,62 180
155,34 230
155,85 2¢9
18471965
157,30377839
121058172

§356112723315589911
9373 -11-'1',19

- MONTH ESTIMATE

1.000C0000E+90

127,20
127,36
148,18
155,35
155,86
100B/U-L
2ND INFL-

125

155 -

185
215

245

«1,7793587%E-01
1,00000000E+00

MONTH ESTIMATE

127,20
128,32
150,78
155,55
155.87
,32614748
177,87841092

INT
181,9
124,2

77,4

63,5

59,9

63,7

34,4

Z XIaNJdddv

64,9



APPENDIX 3

List of Tables

Index of Symbols Used in Tables

Table

1

10

11

12

 Not-in-city)

C Title

Distribution of PE-86 Sample by Exposure
Status and City-

Distribution of PE-86 Sample by Trimester
ATB Exposure Status, Sex and City '

- Averages of Estimated Growth Parameters

Sek Comparisons for the Not-in-city Group

Citv Comnariceons for the Not—-in-citys

Groups by Sex

_Trimester ATB Comparisons for the

Not-in-city Group

Summary Table for Tests of. Comparisons
among Trimesters ATB

Summary Table of Tests of Comparison'among
Exposure Groups (Inner Proximal, Distal,

©

Summary Table of Tests of Partial Exposure
Comparisons ' :

Exposure Comparisons (II) by City, Sex and
Trimester ATB

Exposure Comparisons (III) by City, Sex and

. Trimester ATB

City Comparisons by Sex and Trimester ATB



Index of Symbols Used in Tables

A/B

BK/e
Onset-M
Roy's O
L-ratio

NS

* %

the age of onset of the adolescent growth cycle,

the age of completion of the adolescent growth.
cycle, ‘

the interval (in months) of the adolescent growth
cycle, ' :

= U-1L, the ‘total gain in height during the
adolescent growth cycle

" the age at the first point of 1nflect10n of the

estimated velocity curve,

the age at the second point of inflectlon of the
estimated velocity curve,

the~age at the point of inflection of the estimated

distance curve (Gompertz-type growth curve),

the maximum rate of growth,

the”age'at onset of menarche,

"Roy's largest characteristic root criterion,

Likelihood ratio test,
Not significant,
SuggestiQe (p € 0.10),
Significant (p €0.05),

Highly significant (p ¢ 0.01)



TABLE 1: Distribution of PE-86 Sample by Exposufe Status and City

Hiroshima Nagasaki . Both Cities

"EXPOSQre:Statﬁs'f‘Maleg ‘Female ~ Total  ¥ale Female Total . Male Female Total
Inner Proximal  226% 209 - 435 . 54 48 102 . 280 257 537
150%%* 147 297 - 46 37 83 196 184 : 380

133%%* 89 - 222 . 44 36 80 177 125 302

Distal 218 - 211 429 71 - 61 132" 289 272 561

- 141 140 281 . 60 51 » 111 : 201 191 392

100 55 155 59 43 - 102 159 98 - 257

 Not-in-city 199 197 396 60 54 114 259 251 510
151 125 .. 276 48 -45 93 199 170 369

143 111~ 254 47 - 43 90 190 ‘154 . 344

Total N 643 617 1260 185 - 163 348 828 780 1608

: 442 . 412 854 - 154 133 287 . 596 545 1141

376 255 631 : L50 122 272 - 526 377 903

*  The orlglnal PE-86 sample size

¥ % The number of PE-86 sample subjects wita at least five measurements
**%* The number of PE-86 sample subjects usel in the final analysis
- (i.e., convergent estimates of parameters . (A, B, L, U) were
‘ obtained by the method of scoriny)



TABLE 2: Distribution of PE-86 Sample by Trimester ATB,
Exposure Status, Sex and City

Male . ' - Female
. _ Trimester ATB Trimester ATB
Exposure Status I IT III Total I IT  III Total
Hiroshima

Inner Proximal: 74* 86 66 226 64 88 57 209
' T 42%% 63 45 150 - 41 60 46 147
35%*%*56 42 133 25 36 28 89

Distal o 69 86 63 218 68 84 59 211
44 62 35 141 43 57 40 140
28 41 31 100 10 21. 24 55

Not-in-city 52 .83 64 199 53 86 58 197
- 36 71 44 151 37 54 34 125
32 67 44 143 33 46 32 111

Total - 195 255 193 643 185‘A258 174 617
f : 122 196 124 442 121 171 120 412
95 164 117 376 68 103 84 255

: : ‘ _ Nagasaki » -
Inner Proximal 23 17 14 54 14 l6 18 48

21 14 11 46 11 12 14 37
20 13 11 - 44 11 12 13 36

Distal 30 24 17 71 19 16 26 61
26 19 15 60 .15 14 22 51
26 19 14 59 13 14 16 43

Not-in-city 23 25 12 60 16 16 22 54
20 19 9 48 13 14 18 45
19 19 9 47 12 13 18 43

Total ' 76 66 43 185 49 48 66 163
: - 67 52 35 154 39 40 54 133
65 51 34 150 36 39 . 47 122

* The original PE-86 sample size

*% The number of PE-86 sample subjects with at least five
measurements

*¥%¥* The number of PE-86 sample subjects used in-the final
analysis (1 e., convergent estimates of parameters (A,
B, L, U) were obtained by the method of scoring)



TABLE 3: Averages of Estimated Growth Parameters --- Nagasaki

I - 1st trimester ATB, II - 2nd trimester ATI,

So and S,

Il and Iz

Groups Sizes A B L ] A/B 100B/K S5 .  Sg St
o élg MI 20 12.5659 .076633 135.14 155.20A 163.42 2663 142,84 225.50  82.65
¢ 2) MII 13 11.1338 .068742 135.52 1,7.19 161.32 .2343 137.68 232.79  95.11
<1 (3)MIII 11 12,2442  ,075093 130.11 150.87 163.1k  .2575 141.55 228,45  86.90
Sf (L)MP U4 12,0624 .073916 134,29 154,71 162,73 .2546 140,99 228.39  87.40
IS Rt _ ' 4 | O } ¢ A
sl (5) P10 11 - 8.0117  .061049 123.06 1 4,98 130.68  .1958 104.98 208.49 103.51
gl (6) FII 12 8.7430 .062352 ‘125.8f 15.00 139.36 .2258 114.05 215.50 101.44
=i (7) FIII 13 9.7098  .067655 123.45 11.02 142.16 .2676 118.53 213.06  94.53
(8) F P 36 8.8687 .063859 124.12 1i3.56 137.72  .2318 112.90 212.48 99.58 ,
(e M1 26 12,6776  .079701 135.87 106.55 158.23  ,2742 137.95 219.53  81.58
(10) M II 19 12,4781 .076242 132.11 162.97 163.46 .2519 142,02 228,20  86.18
(11) M III ‘14 10.7788 .068744 132,04 1¢4.33  157.50 .2237 133.43 230.54  97.10
~f (12) M P 59 12,1628  .075987 133.75 1(4.87 159.74 .2550 138.19 224.94  86.75
[} (. . . »
Ej (13) FI 13 8.4228 .061304 123.66 12,76 136.57  .2264 110.94 213.67 102.73
Al (14) FIT 14 9.118¢  .06594%6 127.03 1:4.85 137.84  .2519 113.83 209.88  96.05
215; F III 16 8.4279  .060260 124.60 1:3.98 140,31 .2092 114.59 217.68 103.08
16) FP 43 8.6512 - .062427 125.11 1:3.89 138.38  .2283 113.24 213.93 100.69
(17) M1 19  ©12.7909 .078021 137.48 107.48 164,03  .2763 143.98 224,44 80.47
- (18) M II 19 12.7304  .077977 138.43 108.58 162.40 L2667 1k1.48 225,57  84.10
He)MIIT 9 11.7315 .073057 137.56 16.8.95 ~ 160.90  ".2349 139.02 227.03 88.00
o1 (20) M P L7 12.5636 * .077053 137.88 108.20 162.77  .2645 142.02 225.39  83.38
?- (21; F1I 12 7.9951  .059756 125.54 135.3% 133.26  ,2607 106.63 213.60 106 97
L1 (22) FII 13 9.4760  .065396 127.56 1.2.64 : 144.98  ,2714 121.69 214.25 92,56 -———-
=l (23) F 111 18 8.4480 .059370 123.88 1i3.02 142.5%  .2093 116.59 220.50 .103.91
() FP 43 8.6324  .061299 125.45 1:3.55 140.69  .2425 115.35 216.68 101.33
Notes: M- males, F - females.’ __>

III - 3rd trimester ATB and P - trimesters pooled

indicate age at onset and ccmpletion of adolescent growth cycle, respectively.
indicate age at 1lst and 2nd point of 1nflectlon of velocity curve,
Onset-M indicates age at onset of men:rch.

respectively.



TABLE 3(continued): Averages of Estimited Growth Parameters --- Nagasaki -

Groups K(=U-L) X/U . .9625/3 I Iz BK/e Exp(-B) Onset-M
(1) 30.05 .181 12.957 150.47  176.38 .8308  .92627 -
(2) 30.67 .183 14.818 146. 50 176.13 .7557 .93363 -
(3) 30.76 .191 13.519 149,52 176.66 .8228  .92771 -
(&) . 30.41 184 - 13,648 149.)8  176.38 .B066  .92880 - -
(5)  31.92  .205  16.058  1tb.i2  146.7%  .7110 . .94075 . 154.82
(6) 29.19 .188 16.005 = 123.36 - 155.36 L6545 .93957° 158.08
§7§ 27.57 .181 15.039 127.:2 157.19 .6552  .93462 166.23
8) . 29.44 191 15.673 122,04 153.39 .6720 .93814 160.03
(9) 30.69 . .134 12.722 145. ;1 170.96 .8752 .92350 -
(10) 30. 86 .189 13.459 150.00 | 176.92 .8612 .92670 -
(11) 32.30 .19% 14.980 142, 52 172.48 L7960  .93364 -
(12) 31.13 .188 13.495 146,25 173.24 .8519 .92694 -
(13) 29.10  .190 16.221 120, 3% = 152.79 .6398  .94055 163.31
(w; 27.82 179 15.280 122.36  153.12 - .6541 = ,93622 159.36
(15 29.38 -.190 16.251 " 124,96 156.56 6456 .o4151 164.00
(16) 28.79 .187 15.926 122,15 154.30 . 6466 .93950 162.28
(17) 30.00 .178 12.658 ©  151.37 - 176.69 L8498  .92496 -
(18) 30.15 .179 13.148  149.:6 175.55 . 8466 .92509 -
(19) 31.39 .185 13.690 147,20 174.59 . .8398 . .92957
(20) 30.33 .180 13.054 149,72 175.83 L8466 .92590 -
521; 29.79 .191 16.856 116.1.0 150.11 ‘.6179 .94201. A153.92
22 25.08 .163 15.065 129,42 160.04 « 5937 .93668 163.15
(23) 25.15 .190 16.452 126,19  158.99 .6353  .94233 165.28
(24) 28.10 .182 16.146 124, & 156.83 . .6179 .94053 161.47

_.9



Distal

1w

224,86

.TABLE 3(continued)t Averages of Estima'.ed Crowth Parameters --- Hiroshima
Groups  Sizes A B L U A/B° 100B/K S,  -S¢ Sy
- (1) MI 35 13.4260 .081412 136.55 107.67 163.18 ~.3028 143.07 223.96  80.89
~ (23 M II 56 13.5756 .081102 135.76 1¢6.01 164.64 ,3110 143.68 228.00 84.33
g (3) M IIT = 42 = 12.2313 .075668 134.30 1(4.58 160.31 .2669 138.89 224.92  86.03
x{ (4) M P 133 13.1125 .079468 135.51 105.99 162.89 .2949 142.00 225.97  83.96
“l (5)F1 25 U B.5199  .060108 123.21 1.4.75 140.83 .2337 114.43 220.11  105.68
of (6) F 11 36 - 7.454€6  .055267 122,02 112.84%  133.98 .2034 105.03 221.41 116.39
£ (7g F IIT 28 8.3849 .060882 126.64 1:5,02 137.33 .2464 111.28 215.43 104.15
M (8)FP 89 8.0465 . .058392 123.81 '13.22 136.96 .2255 109.64 219.16 109.53
(9 mMI 28 13.2974° .078867 139.28 1(9.16 167.05 .2932 146.79 228.11 81.32
(10) M II - 41 14.3231 .085546 137.66 1¢5.57 166.27 .3319 147.82 221.60  73.78
(11) M IIT 31 14,1574  .084362 132.90 164,90 165.26 .2964 145,50 225.17 79.67
(12) mp 100 13.9845 .083309 136.64 1¢6.37 166.17 .3101 146.81 224.53 . 77.72
(13) F I 10 7.9531  .058429 121.22 1'3.58 134,62 .2108 105.86 221.99 116.13
(14) F 11 21 9.1934%  ,064595 127.82 1'4.47 141,54  ,2684 117.56 213.14 95.58
(15) F IIT 24 7.9638 . .056199° 124.50 1!3.75 140.02 .2359 111.34 226,27 114.93
(16) F P 55 8.4313 .059810 125.17 1'3.99 139.62 .2438 112.72 220.48 107.76
(17) M1 32 14.0708 084861 137.89 1(7.43  165.44 .3073 146.23 223.31 77.08
- »[(18) M II 67 12.4087 .075753 135.02 1¢7.30 - 162.99 .2471 141,46 228,28  86.83
<1(19) M IIT 4k 12.8573 - .077620 135.74% 1¢6.32 164,23 .2711 142.92 228.59 85.67
L|(20) M P 143 12.9187 . .078366 135.89 1¢7.02 163.92 .2680 142.97 .227.27 84.29
-é (21) F I 33 6.9639 .050991 122.71 1:5.67 135.92 .1878 1oh.u1 231.36 T126.95
=|(22) F II 46 8.1524  ,058054 126.39 1f5.51 139.46 .2300 112.06 221.89 109.83
(23) F III 32 7.4448  ,055014 122,79 1:4.34  134.30  .1943 105.16 222.44 117.28
(24) F 111 7.5951  .055078 124.26 1:5.04 136.92 .2072 107.80 117.07

—



TABLE 3(continued): Averages of Estimated Growth Parameters --- Hiroshima

ITNITNATNTN TN NSNS NSNS

Groups  K(=U-L) K/  .9625/B 11 I BK/e  Exp(-B)  Onset-M
(1)  31.1t .185 12.638 150.54  175.81 8987  .921G¢ -
. . . . .9216
(2) 30.24 .182 13.154 151,48  177.79 . 8492 .92233 -
§3) | 30.28 .184 13.498 146,51 173.81 .8271 .92725 -
B L) | 130.48 183 13.127 149.76 176,01  .8552 = .92382 - -
C(5) T 28.53 188 16.779 124035 - 157.61 - L6177 o169 158
N D5 157, : .9 62(24)#
§6) 30. 83 .201 18.263 115,72 152.24 .6085 . .94b25 157. 402
(7). 28.38 182  16.6u6 120.58  153.97  .6266 - .9L098 157.64
(8) 29.41 192 17.337 119.52  154.29 L6168  .94331 157.82(87)
(9) .- . 29.88 .176 12.795 154,25 179,84 8393 2Ll -
10) 27.91 .168 11.752 154, 52 178.02 . 8562 .81811 -
11) 32.00 .193 12.357- . 152.31 177.62 .9612 .91931 -
12) 29.73 .178 12.232 153, M 178.40 . 8840 .92020 -
13; 32.36 .210 17.900 116. 72 152.52 - . 6498 .94335 '158.00(9)
14 26.65 .173 15.412 126,13 156.95 .6182 .93747 161.90(20)
15% - 29,25 190 .18.287 121. 7% 158,31 .5797 L9454t 158.23(22)
16 28.82 .187 - 17.119 122. 50 156. 74 .6071 .94200 1159.63(51)
17) 20,54 ° 176 12.113 153, 32 177.’55 ‘ . 8961 .91881 - - |
18) 32,27 .192- 13.425 149. 36 176.41 . 8820 .92714 -
19) 30. 57 .183 13.379 150. 35 177.60 . 8485 .92549 -
20) 31.14 .186 . 13,117 150.30  177.03 ~ .8749  ,92u77 -
21) 32.36 .207 19.770 116. 4  155.69 86k 95030 157.62
.. . .5 . 32
22) 29.12 .187 17.379 122.)8 156.83 . 5990 94363 156. 29242;
23) 31.56 -~ .204  18.284 116.)2 152.58 .6200 ~oL6u8 157.59 :
24) 30.79 .198 18.351 (118. 155,27 L6013 NTTINc Y 157.08(106)

# The number of subjects used for calculating average

onset of menarche.

months of age at



TABLE 4: Sex Comparlsons for the Not-in- c1ty Group

LN

I,: Age at

2nd point of inflection of velocity curve.

- Nagasakl
X rleans Means . Differenceé 4Statistical
Items for for between Significance
' Males Females Means F P
4 Sizef. 'A47f .’43,->
A ._12:5636. 8.6324 A3.9312f 65.195 <.0001
B '.6,07705 16.0613 ',0;01575‘ '32.063  <.0001
L 'ié?;ss 125.45 12.43 87.376 <.0001
U 168.20  153.55 14.65 214.921 <.0001
A/B i62,77 140.69 22.08 90.932_ <.0001
100B/K 02645 0.2425  0.0220° 0.887 >.1
So 142.02 115.35 26.67 98.663 <.0001
S, 225.39 216.68 8.71 5.114 <.05
S; (=5.-So)  83.38 410£,334. 17.95 15.694 <.001
K (=U-L) 30.33 28.10 2.23 3.678 >.05
K/L “0.180  0.182 0.002 0.116 >.1
0.9625/B 13,054  16.146 3.092 24.740 <.0001
1, '149;72 124.54 25.18 105.518 <.0001
I, 175.83 156.83 19.00 65.667 <.0001
BK/e l 0.8466 0.6179 0.2287 65;802 < .0001
Exp (~B) 0.92590  0.94053  0.01463 32.061 < .0001
So: Age at onset.of adolescent growth éyéle, R g
Sc: Age at completlon of adolescent growth cycle,- AT 'f';’
I;: Age at 1st. point of inflection of velocity curve,



TABLE 4 (continued):

Sex Comparisons for the

4
1

Not-in-city Group --- Hiroghima
. ' Means .Means ‘ Differences Statistical,
Items . for for between Significance
: Males .Females Means i P
Size 143 111
‘A  1200187 7.5951 5.3236 187.651 <.0001
B - 0.07837  0.05508  0.02329 113.925 <.0001
L 1135.89  124.26 11.63 130.730 <.0001
v 165{02 155.04 11.98 313.514 <.0001
a/B 163.92 °  136.92 27.00 369.714  <.0001
100B/K . 0.2680 0.2072  0.0608 118.008 <.0001
So 142}97~ 107.80 35.17 340.020 <.0001
s 227.27 234.86 2.41 1.037 >.1
51 (284-Sg) 84?29A- 117.07 32.78 90.404 <.0001
K(=Uu-L) . 31.14 30.79 0.35 0.141 >.1
K/ 0.186 0.198 0.012 4.534 <.05
0.9625/B  13.117 18.351 5.243 121.858 <.0001
I, 150.80 118.57 '32.23 386.194 <.0001
I, 177.03 155.27 21.76 'é78.244 <.0001
BK/e 0.8749  0.6013 0.2736 137.469 <.0001
Exp(-B)' 0.92477  0.94643 0.02166 115.266 <.0001




City Compafisons for the Not-in-city

'_TABLE 5:
' Groups by Sex

Male _ Fe’malé » /l
Items F P F P I
a. f (1, 188 (1, 152)
A 0.368 .552 '8.896  .004**
B 0.165  .688 8.828  .004**
L 3.438 .062 0.558 ~ .537.
u '1.795 .178 1'2:594 .105
A/B 0.463. & .504 2.930 .08
100B/K -61040’ 836 2.521 'filo'
So 0.192  .666 6.750  .010*
Se 0.419  .526 5.151  .023°
Si(=S.-Sg). 0.054 .811 19.327 ;do3**
K (=U-L) 0.775 .617 .3;137‘ .075
K/L ilési .258 2.712 .098
6.9625/3 0.013 .éos 10;251 .002 **
I, 0.314 .583 5.709  .017*
I, '~ 0.573 .544 0.556  .536
BK/e 0.713 .596 0.478  .502°
Exp (-B) -b}i44 8.923  .004 **

* p £0.05

**% p ¢0.01. .

.706



Trimester ATB Comparisons for the

0.92957

TABLE 6:
o ~ Not-in-city Group --- Males, Nagasaki
'.Itemé - Trimester Sigﬁificance
I 11 111 Fo P
Size - 19 . 19 9 ]
A 12,7909 12.7304  11.7315 '.474 .63
B 0.07802  0.07798  0.07306 .355 .71
L 137.48 l38.434 ' 137.56 165 . i,.'55f
U 167.48  168.58 168.95 .435 .66
A/B 163.03  162.40 160.90 274 .76
100B/K 0.2763  0.2667 0.2349 .678 .52
s, 143.98  141.48 139.02 542 .59
Sc | 224}44 225.57  227.03 058 .04
S;(=5c-S,) 80.47 84.10 88.00 412 .67
K(=U-L)  30.00  ~30.15 31.39 367 '» .70
CK/L '6<178 £ 0.179 0.185 284 .76
0.9625/B 12.658  13.148 13.690 ;370'_ .70
I; 151)3? 1149.26 147.20 .442 .65
I, 176;69 175.55 174.59 .118 .89
BK/e 0.8498  0.8466 0.8398 - 013 .99
EXP (-B) b.92496 0.92509 L350 .71

' MultivariatelTeSt of

Roy's largegt root

Likelihood ratio =

Equality of Mean Vectors (A, B, L, U):

criterion;

e = .0407, s=2, m=0.5, n=19.5,

p > 0.05

0.9520, Asymptotic chi-square = 2.0905

with 8 d:f., p =

0.9772,

E—



TABLE 6 (continued): Trimester ATB Comparisons for the

92  163.

744

Not-in—city Group --- Females, Nagasaki
Itemy Trimester ‘ Significance
| II III F o p

size 12 13, 18 /
A © 7.9951 - 9.4760 . 8.4480 Q3.4J3 .042%
B 0.05976 0.06540  0.05937 1.653 .203
L . 125.54  127.56 ' 123.88 0.988 617
v 155.34  152.64 153:62 1.072 .353
A/B 133.26 144.98 142.54" 4.360 019%
100B/K 0.2607 30.2714  0.2093 1.004 .377
So 106,63 121.69  116.59 4.754 .014%
Sc 213.60  214.25 220.50 6.691 .511
,Qi(:S:—S:)16A'Q7 BECEIE Y | 102 o1 1 &R& 299
'K(=U5L) - 29.79 25.08 29.15 2.008 .146
K/L 6;191 0.163  0.190 -  1.900 .161
0.9625/B 16.856  15.065  16.452 1.385 .261
Iy 116;40 129.92 126.09 4.929 .012%
I, 150.11  160.04 = 158.99 3.320 .045%
BK/e 0.6179  0.5937 0.6353 0.483 .626
EXP(-B)  '0.94201  0.93668  0.94233 1.647 .204
Onset-M  153. 15 165.28 4. .0l4*

Multivariate Test of Equality of Mean Vectors (A, B, L, U):
Roy's largest root criterion; 6 = .2371, s=2, m=0.5, n=17.5,

Likelihood ratio = 0.7140, Asym

p > 0.05

ptotic chi-square = 12.9705
with 8 d.f., p = 0.1139,

-



TABLE 6 (continued): Trimester ATB Comparisons. for the

Not-in-city Group --- Males, Hiroshima
>’ Items o Trimester _ Significanqe
I 1 B & 5 SR F p

size 32 67 . 44

I '14.6703 1274O8§, 12;8573 2.273 10
B | | -‘§768486 0.07575  0.07762 2.266 11
L '._ ‘137:89 | 135.021 135.74 203 .13
U 167.43 167.30 166.32  0.536 .59
A/B" 165.44. 162.99 164.23 b;7o7 .50
100B/K 0.3073 ° 0.2471 0,2%11“ 3}576 . .03%
So 146.23 ‘141.46 1a2.92 | 1.404 .25
se | 223;31 228.28 228.59 1.150 .32
' 5;(=5o-85) 77.08 1 86.83 - 85.67 1.888 s
K (=U-L) 29,54 32,27 30.57 2.722 .07
K/L © 0.176 o.;éz 0.183 2.878 .06
1 0.9625/B 12(1}3 . 13.425 13.379 1.801 .17
I 153;32 1149.56  150.85 1.142 .32
I, 177.55  176.41 177.60 10.299 - .75
BK/e ~ 0.8961  0.8820  0.8485 - 0.531 .59
EXP (-B) 0.91881 0.92714  0.92549 2.243 .11

Multivariate Test of Equality of Mean Vectors (A, B, L, U):

ROy's largest root criterion; 6 = .0465, s=2, m=0.5, n=67.5,

' L L p > 0.05 ‘

Likelihood ratio = 0.9367, Asymptotic chi-square = 9.0549
S with 8 d.f., p = 0.3384,

—



'EABLE'6(continued) Trlmester ATB Comparisons for the

Not-in- c1ty Group —--- Females, Hiroshima
Items ' o Trimester _ o Significance
SRR CII 11 F . p

size 32 . 42 32

‘a e .7.0630' 8.1206  7.4448 3.212  .043*
v‘g - ,‘0.05169‘ 0.05811 . 0.05501 ,f- 2.907 .058

L '123}12  126.86 122.79 O 2.3a5 .099
U | o 155.53 155.44 154.34  , 10.419 .665
am 136.03 139.43 13430  ‘ 1.796 .169

iooé)x ) yo.1914 0.2318°  0.1942  1.368 .258
So 105.27  112.31  105.16 2.566 .080
s¢ 220.12  220.90 222.44 131 .80
$i{=8¢c=50) ust‘b 108,59 LLr.z8 o z.o1as .Ued
K(zu-L)  32.11  28.58  31.56 1.780 172
K/0 -»0.205~ . 0.184 0.204 .  1.893  .154
0.9625/B 19.338  17.259 18.284 2.789 . .064
‘ilf | 116;69 122.17 '116.02  2.380  .096
1, 155.37  156.69 152.58 1.196  .306
BK/e - 0:5914 = 0.5932 0.620 0.433 :.655

" EXP (-B) 0.94963.  0.94356 0.04681  2.918 .057
Onseﬁ-M 1157.62 156?29' 157.59 0.229 . .798

Multivariate Test of Equality of Mean Vectors (A, B, L, U):
Roy's largest root criterion; 6 = .0695, s=2, m=0.5, n=51.5,
- A ' p > 0.05
Likelihood ratio = O. 9144 Asymptotic chi-square = 9.5287
o with 8 d.£f., p = 0.3002,



TABLE 7: Summary Table for Tests of Comparisons
’ among Trimesters ATB ‘ '

Exposure Group Inner Distal Non Inner Distal Non

Sex Male Female

o : ' _ Nagasaki :

4 variables(a, B, L, U): o . :
Roy's @ - NS NS NS NS NS NS
L-ratio . ~~ NS NS NS NS NS . NS

5 Varlables(so, A/B Scs BK/e, U):

Roy's € - NS NS . Ns NS NS NS
L-ratio® - NS NS -~ NS s ‘NS S
. , . ' Hiroshima
.4 variables(a, B, L, U): ' ‘
Rov's 0 NS NS - NS NS NS. NS
L-ratio  Ns - ¥ NS s NS 'NS

5 variables(So, A/B, So, BK/e, U):
Roy's 6 = NS - NS NS ‘NS NS NS

L-ratio s s NS s NS NS

NS Not s1gn1f1cant :
S. Suggestlve(p £ 0.10) for the likelihood ratlo test
* p € 0.05



! .
TABLE 8: Summary Table of Tests of Comparison among
"Exposure Groups (Inner Proximal, Distal,

Not-in-city) i

Males, Nagasaki: Trimester ATB / :
: I Ii - II1IX i Pooled
(Multivariate) . ' ‘
4 variables(A, B, L, U): - .
Roy's ® = NS NS NS *

L-ratio NS s NS

.5 variables(Sy, A/B, S, BK/e, U):

Roy's 6 NS NS NS *
L-ratio = NS ' NS ' NS *
(Univariate) : _ »
A .9720 .6194 - .3503 . .6957
B .8087 - .3463 6129 6675
L .5664 - .0167% .1000 .0047%*
U L5976 © .0078%* .0650 .0065%*
‘Discriminant Analysis:
Coef@%cients ' 5
A(1)" -4.814x1073  -7.272x1073 -1.290x10"2  5.282x10~3
C(2) 7.880x1073  -1.618x10"3  7.455x10"3 -4.393x10-3
B(1) 1.000 '1.000 1.000 . -1.000
(2) -1.000 1.000 ~1.000 1.000
L(1)  -3.351x10"%  1.489x1073  2.937x10™3  1.345x103
(2) 5.005x1073  -1.018x10"3 -4.476x10"5 -7.149x10-%
| -4 -3 -4 -4
U(1) 3.520x10 1.971x1077  -1.621x10 8.522x10
(2) 8.240x1073  1.253x107°  4.596x10"%  9.431x10~4
Root 1 A S ,
% Variances 71.35 84.11 61.90 - 75.75
P . .3936 .0438%* .2560 . 0246%
Root 2 ' : '
% Variances 28.65 . 15.89 38110 24.25
p ©.5475 .5008 .2403 ..2343
# Coefficients (1) and (2) correspond to the largest

and the second largest characteristic roots, respectively.



TABLE 8 (continued) : ‘ !

Femaleé,Naqasaki: ' Trimester ATB : i
I II III - | Pooled
(Multivariate) : . /
. 4 variables(Ar, B, L, U): o i
. Roy's 6 NS | NS NS _ : NS
- L-ratio ’ NS “Ns S NS ‘ - - NS
5 variables(so;=A/B, Sc, BK/e, U): - )
Roy's 6 - NS NS * NS
L-ratio NS NS s ‘ NS
(Univariate) . |
A .8012 .6781 .0718 .8300
B .9337 | .7567 .0667 .6132
L .7572° 7181 .8869 - .6725
U .6052 .2983 .3401 .9374

Discriminant Analysis:
- Coefficients ‘

A(l)  -9.670x1073°  -1.569x10"3 -5.096x10"2  3.361x10~3
(2) -5.895x10~4 -6.850x1073 -5.321x10"3 -7.577x10-3
B(1) . 1.000 1.000  -1.000 1.000
(2) -1.000 | 1.000 ~1.000 1.000
L(1) 7.866x10™%  _2.962x10"3  9.967x10~3 —3.122x10"2
(2) 1.943x1073 8.623x10™%  1.008x107%  5.528x107%
o -4 -3 -3 w13
u(1) 2.986x10 3.978x1077  -2.889x10 3 2.577x10
(2) -1.389x10-3  -6.275x10" 3.846x10"% -6.979x107°
Root 1 - : :
% Variances;74.32 82.75 91.63 : 90.26
p ©..3089 . .2323 . .1641 .2550
Root 2 .o . :
9% Variances 25.68 17.25 -~ 8.37 9.74

p - .5372 6777 .8553 .8679

—>
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TABLE 8(continued)

Males, Hiroshima: ~ Trimester ATB
o I I III Pooled
(Multivariate) f
" 4 variables(A, B, L, U): ‘ : _ /
Roy's 6 NS * ok i NS
L-ratio NS s . x . Ns
‘-5.variable5(so; A/B;_Sc, BK/é;’U); o .
" Roy's © . NS 4 NS NS " 'NS
L-ratio = NS NS - NS NS
(Univariate) o ‘ : A, ) '
A : 7121 . 0556 1530 S 1192
B . L5436 ' .0660 2340 97k
L - .535%6 L2463 3115 L6045
U uBMB . L3128 03303 13535
‘Discriminent knalyéis: .
voeiricients - 3 -3 : _3 ' -3
A§1g 4.756x10_2 - 5.779x10_3 6.520x10 3 6,458x10_3
(2 1.014x107° -5.735x10 4.563x1077  -6.091x10
321; 1,000 .. -1.000 -1,000 - =1,000
2 -1.000 1,000 -1.000 1.000
, b ' -3 4 -4
L§1g 1.785%10_ 5 7.468x10_ 7  -7.213x10_, 9. 554x10_,
2) - 5.137x10 4. 583x10 5.829x10" - 6.887x10
Uélg 1_.5u7x1o:4 -9.661x10:g 9.087x1o‘ﬁ -3.599x1.o'4
2 6.079x10 -9.534x10 7.753x10" =2.416x10"
Root 1 ' . o : -
% Variances 88.92 : 87.54 - .78.75 74,36
Root 2 e o h ‘, : 4' o |
% Variances '11.08 12.46 21.25 . - 25,64

P .83 .58 3129 0 L5416




TABLE‘S(cbntinued)

Females, Hiroshima:

Trimester ATB

Pooled

T II IIT
(Multivariate)
4 variables(A, B, L U)
Roy s e " NS. NS NS NS
L—ratio NS NS NS NS
5 varlables(So, A/B, Sc, BK/e, U): Lo
Roy s 6 -NS NS NS NS
L-ratio .Ns Ns NS NS
(UniVariate) , ‘ o
B - .0316# .0310% .2323. . 0627
L o487 . Oh27% .2479 . 7000
UL oBus 1074 .6521 40572
u1scr1m1nant‘anélysiSl |
Coefficients - 2' . " ‘
AL -1.070x1073 2.901x107)  -5.775x1073 8.004x1073
Ch6hox107 7.843x107F 82021070 -8.73x10™
g g 1,000 1.000 1,000 1,000
- -1.000 -1 000 ~=1.000 1.000
g 1) 6;3oox1o:ﬁ 3 676x107% s u.6oux1o‘g ~1.346x10 ﬁ
2) 2. 559x1o -9.140x1077  3,714x10" 4,685x10"
é 1) 8. 883x10 4 1.513x10 g 1.065x10-g | ;9.814x1o“2
| -5.757x10 ' 3.274x107 5.482x10" -8.853x10”
- Root 1 o - o
% Variances -87.68 78.99 72.38 79.46
p .. 0389* .0818 . 2762 .1057
Root 2 ' | - | :
% Variances 12.32 - 21,01 27,62 20,54
p .6231 . 5567 5165 -.5002




" TABLE 9: Summary Table of Tests of PartialLExﬁosure

Comparisons

: _ Male . Female
"_Trimester ATB I II IXX I II I1X
' 4 - , Nagasaki A .
comparison 11).  Ns NS NS NS =~ NS NS
. 2). 4 ;
Comparison 2 NS NS . NS NS NS NS
: 3) .
Comparison 3 NS * ‘NS NS NS NS
' Hiroshima
Comparison 1 NS NS NS . * NS NS
Comparison 2- NS NS @ * NS s NS
Comparison 3 NS *k NS NS NS - NS

l)  Comparison between Inner Proximal and Not-in-city

2) Comparisontbetween Inner Proximal and Distal
3) Comparison between Distal and Not-in-city



- TABLE 10: - Exposure Comparisons¥#(II) by City,
Sex and Trimester ATB a

_ Male _ " Female
Trim. ATB I II III P I I IIT P
: S o Nagasaki
4 variables(A, B, L, U): ‘ o .
Roy's 8 NS NS NS NS NS NS NS NS
L-ratio NS S NS S 'NS NS NS NS

5 variables(Sy,, A/B, Sg, BK/e, U):

Roy's & NS * NS NS NS NS NS NS
L-ratio NS ** § * g NS ~ NS NS
, Hiroshima
4 variables(A, B, L, U): . .
Roy's 6 NS NS NS NS NS  ** NS *k
L-ratio NS S NS NS S ** NS ok

5 variables(So, A/B; Se, BK/e, U): _ _
Roy's 6 NS NS NS NS NS - * NS NS

‘L-ratio’ NS NS NS NS NS *  NSs @ *

# In this table, the Inner Proximal group was divided
into-two sub-groups such that subjects were exposed
within 1,500 m or exposed beyond 1,500 m. Exposure
comparisons were then made among the four groups.



TABLE 11: Exposure Comparlsons# (III) by Clty, Sex and
' TrImester ATB ‘

B Male Female
Trim. ATB I. - E IIX P I Ir . III P
: o Nagasaki
4 variables(A, B, L, -U): - : ‘
"ROy's 6 NS NS NS C- . NS NS % -
L-ratio ‘NS NS NS - NS NS * -

5 variableé(so, A/B; Sc, BK/e, U):

Roy's © NS . NS NS s . NS NS  * NS
L-ratio NS NS NS @ * NS NS * NS
Hiroshima
4 variables(A, B, L, U): , o
" Roy's 6 ° NS * . NS - NS NS NS -
L-ratio NS * s - ' NS NS NS -

5 variables(So, A/B, Sc, BK/e, U): . _
Roy's 6 NS NS NS NS NS NS - NS NS

L-ratio NS NS NS . NS s NS NS NS

# In this table, the Inner Proximal group was divided into
two sub-groups such that the mother of a subject received
either greater than or equal to 50 rads (T65D), or less
than 50 rads (T65D). Exposure comparisons were then made
among the four groups.



TABLE 12: City Comparisons by Sex and Trimester ATB’

Univariate Multivariate

Trimester ATB A ) B L U (A, B, L, U)
, o Male
‘Inner Proximal (Group I): o
- I ‘ L NS NS . NS NS A NS
I1 ’ NS NS - NS. NS NS
II : - NS NS NS - NS . NS

Pooled NS NS NS NS - . NS

Distal (Group II):

I | NS NS NS NS *
ir s S * NS NS
IIr * * NS NS . *

" Pooled = = ** *. * NS 3 *k

Not-in-city (Group I1I): :
I NS NS. NS NS - NS

1 NS NS NS NS NS
ITX : NS . NS - NS NS - NS
pooled NS NS S - NS NS
‘ _ remale

Inner Proximal (Group I): o .
T - NS NS - NS S *
II _ S S NS NS NS
III s NS NS s s

s

Pooled * NS - NS NS

Distal (Group II): | _
‘ I . NS .. NS NS NS NS

II - NS . NS NS NS NS
III " NS NS NS NS NS

Pooled NS NS NS NE NS

Not=-in-city (Group III);

I .8 * NS ‘NS - NS
II * -2 NS S .. NS
III ' * NS . NS NS NS. -
Pooled - Tk * % NS NS *

# For multiVafiéte analysis, the estimates of (A, B, L, U)
are assumed to be distributed as.a 4-dimensional multi-
variate normal variable.
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