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SUMMARY

A study of individuals in Hiroshima and Nagasaki
who were under 20 years of age at the time of
atomic bomb exposure and who had been
exposed to 100+rad was conducted to determine
the frequency of thyroid disorders as well as
the levels of serum thyroid stimulating hormone
(TSH), antithyroglobulin antibody, and thyro-
globulin (TG), 30 years after exposure. Thyroid
disorders were detected in 56 of the 477 subjects
of the 100+ rad exposed group and in 39 of the
501 subjects of the Orad exposed group, the
prevalence being significantly higher in the
former group (x*=3.872, P=0.049). This
increased prevalence of thyroid disorders in the
100+ rad exposed group was due to the increased
occurrence of thyroid cancer and nontoxic
uninodular goiter. Thyroid cancer was found in
eight exposed individuals, all of whom belonged
to the 100+ rad group; statistically, the prevalence
was significantly higher (x2=7.919, P=0.005).
Nontoxic wuninodular goiter was observed in
13 cases of the 100+rad exposed group and
3 cases of the 0 rad exposed group, the prevalence
in the 100+ rad exposed group being significantly
higher (x*=6.584, P=0.010). In these cases
no increase of serum TSH or TG levels was
observed. Mean serum TSH levels in individuals
without thyroid disorders were 1.64 +1.89 uU/ml
(n=421) in the 100+rad exposed group and
1.54+1.86 uU/ml (n=462) in the O rad exposed
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group. Mean serum TG levels were 13.49*
13.88 ng/ml (n=421) in the 100+rad exposed
group and 14.76 £15.69ng/ml (n=462) in the
Orad exposed group. Thus, these differences
between the two groups were not significant.
Also, no significant differences were observed
between the 100+ rad and Orad exposed groups
in the mean serum TSH and TG levels of the
subjects who had thyroid diseases but had not
been treated for the diseases, and the subjects
who had no thyroid diseases. A significant
positive correlation between serum TSH and TG
levels was observed in the 100+rad exposed
group, the Orad exposed group, and the two
groups combined.

INTRODUCTION

The occurrence of radiation-induced thyroid
cancer was first indicated through animal experi-
ments.! > The association between irradiation
and the occurrence of thyroid cancer in man was
first reported by Duffy and Fitzgerald® in 1950,
and later in a number of other re;:'n::»:rts."”"'15
It has been shown that X-irradiation in childhood,
particularly to the cervical region, results in a
high occurrence of thyroid cancer 5 to 30 years
after exposure.” ' Thyroid cancer has developed
following X-rradiation with doses as small as

6.5 rad as well as with doses over 1,000 rad.” ™"

Studies made at RERF on A-bomb survivors of
Hiroshima and Nagasaki revealed a significantly
higher occurrence of thyroid cancer and nodular
goiter in the 100+rad exposed group. fa=e2
Conard et al, 23-26 in their studies on the residents
of the Marshall Islands who were exposed to the
radioactive fallout from the hydrogen bomb,
have observed that the incidences of thyroid
cancer and nodular goiter were high.

Another radiation-induced abnormality of the
thyroid is hypothyroidism. Such hypothyroidism
was noted in patients treated for hyperthy-
roidism?’ 3! with large doses of 1311 and in the
Marshallese exposed to ionizing radiation.® 2
Recently, subclinical hypothyroidism among
exposed Marshallese was observed at a high
frequency by highly sensitive TSH determination,
and it was suggested that elevation of serum
TSH level might be involved in the occurrence of
nodular goiter.*:%*

Determination of serum TSH levels of A-bomb
survivors in Hiroshima and Nagasaki was made by

15.69ng/ml(n=462) T, MEFEEIIEZEI L, 7.
T ARRIRESRZAEL, L2 LESHFIRIRESIC
My 2EBEEZTCLWERE, FRRIRELZEA
LZVWKRZOMEE TSH RUH A az7a7) » D ¥
fli(x, 100rad L) E#BEE & Orad FEBEF DR T
HEIZIELES Do, —FH, MHETSH EH A O
ya 7)) YO R I213100 rad L) E#EREE, Orad
MR, RUMEZ2AELELESIILEEDILED
B A B - 7.

a B

MEHIzE2BRMBEoEEE, THPYERT
HES e o178 v Mz bt 2RO HE e & HUIRAR
WA EOMFIE, 1950 5 12 Duffy & OF Fitzgerald®
D|ELIRK, HELOBREDI ZENTP R
A DOFEREO X SRR 12 L0 BRI A G 8
IR ET A LA HBHRS~0EOHIZASNT
WAL TTY SRR R C & B F R IR O A
1,000 rad VI E O AR#EEED S5 6.5 rad DD D X #
B Tcs@EHoh T3, 970

BEtics 300, RGOFEERBEZEIZANT 5
A CHARIE, FIRIREEDOREY 4100 rad L E
R CTERILOP- . "B -2 LHEBTOD
KBEHERE T CHEEL ZERIZE, GBI
FRARE CHIRIRAE I AR E T 5 Z & A Conard 5577
ZE-o T Il aNTWAS.

BMEGEODE 25370 FERE L L TIE, FURIRERE
ETIEAS S, T4b5, HIRBAREIUEIE D GH
Hey TP o kIS5 12 &0 5 4E T 3 FIKIR G
ETREXT M ROEREMR ST BB L 7o~ — 2 v L af
DERIZEIT S HFIKEEREETETH 5.7 i,
MmEEEO TSHElE IZ LY, BEREKRD Z vHIKIE
BEREETE N ~v— 2y VEGOMBEEIIGHEED
Zoh, FIZMiE TSH @0 FREFFIRREHOREE
LB 54 3 2 L AR h /20

ABCC 1 k3 hEE, EWoEBRERE I 5 M



Parker et al?® at ABCC in 1971. This determi-
nation failed to identify a cause-effect relation
between serum TSH level and prevalence of
goiter. However, no studies have been conducted
on the occurrence of hypothyroidism in relation
to A-bomb exposure. Serum TSH screening of
A-bomb survivors of Hiroshima and Nagasaki
is essential.

Recently it has been reported that serum TG
level is a tumor marker for thyroid cancer.23%3°
In the study reported here, conducted 30 years
after A-bomb exposure, the occurrence of
thyroid disorders among survivors of Hiroshima
and Nagasaki who were exposed at a young age
was examined by determining levels of serum
TSH, TG, and anti-TG antibodies in addition to
clinical assessment. The association of radiation
exposure with occurrence of thyroid disorders
and the levels of serum determinations was
examined. Hopefully, the results of the present
study will be taken over by a study to be
conducted 40 years after A-bomb exposure.

MATERIALS AND METHODS

Subjects.  Subjects of the present study are
A-bomb survivors in Hiroshima and Nagasaki
who were under 20 at the time of the bomb
(ATB). The subjects included 477 individuals
who received an estimated A-bomb dose of
100+ rad and 501 individuals in the O rad exposed
group (Table 1).

These subjects were selected from the RERF
Adult Health Study (AHS) population. In the
AHS, medical examinations have been conducted
systematically on approximately 20,000 subjects
in biennial cycles since 1958. The sampling
method and composition of the AHS population
are described elesewhere.’® From approximately
9,700 AHS examinees of cycle 9 (1974-76), for
those aged under 20 ATB, about 850 survivors
exposed to an estimated dose (T65D)*7 of
100+ rad and about 800 exposed to Orad were
initially randomly selected and matched by age,
sex, and city. The subjects of the present study
consist of 978 individuals from the initial group,
whose blood samples were obtained and preserved
in a perfect condition (—60°C) at AHS exami-
nation cycle 9 and whose serum TSH and TG
levels were determined (Table 1).
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TABLE 1 NUMBER OF SUBJECTS AND TYPE OF THYROID DISORDERS BY CITY, SEX, AND EXPOSURE GROUPS
£1 sEHHKCBRRELOME,; M, 4, RUBEER

¢8-0C 4L AdHHd

Cities Combined Hiroshima Nagasaki

0 rad 100+ rad 0 rad 100+ rad (0 rad 100+ rad

Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female

Number of Subjects 501 219 282 477 200 277 273 119 154 266 120 146 228 100 128 211 80 131
Thyroid Cancer 0 0 0 8 0 8 0 0 0 2 0 2 0 0 0 6 0 6
Nontoxic Uninodular Goiter 3 1 2 13 4 9 2 1 1 4 1 3 1 0 1 9 3 6
Nontoxic Multinodular Goiter 3 1 2 4 0 4 2 1 1 1 0 1 1 0 1 3 0 3
Hypothyroid, Unknown Etiology 9 3 6 7 1 6 6 3 3 2! 0 4 3 0 3 3 1 2
Hypothyroid, Chronic Thyroiditis 5 0 5 2 0 2 3 0 3 1 0 1 2 0 2 1 0 1
Euthyroid, Chronic Thyroiditis 8 0 8 8 1 7 1 0 1 4 1 3 7 0 7 4 0 4
Nontoxic Diffuse Goiter 8 2 6 12 0 12 4 1 3 11 0 11 4 1 3 1 0 1
Hyperthyroidism 2 1 1 1 0 1 2 1 1 1 0 1 0 0 0 0 0 0
Thyroid Cyst 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0
Thyroid Adenoma 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
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These subjects include 200 males (120 in
Hiroshima and 80 in Nagasaki) and 277 females
(146 in Hiroshima and 131 in Nagasaki) in the
100+ rad exposed group, and 219 males (119 in
Hiroshima and 100 in Nagasaki) and 282 females
(154 in Hiroshima and 128 in Nagasaki) in the
Orad exposed group. There were 128 subjects
who were aged 0-9 ATB and 349 who were
aged 10-19 ATB in the 100+rad exposed group.
With regard to the Orad exposed group, 139
subjects were aged 0-9 ATB and 362 were aged
10-19 ATB (Table 2).
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TABLE 2 PREVALENCE OF ALL THYROID DISORDERS BY SEX, AGE ATB*,
AND EXPOSURE GROUPS

C#2 SFRIEBOARE; 1§, G R ORI

Age ATB (0-19)

Age ATB (0-9) Age ATB (10-19)

Sex —
0 rad 100+ rad 0 rad 100+ rad 0 rad 100+ rad
Total N 501 477 139 128 362 349
Obs 39 56 9 21 30 35
Exp 47.97 47.03 14.93 15.07 33.04 31.96
RR** 1.000 1.537 1.000 2.615 1.000 1233
) Gl 3.872 5.487 0.643
(P=0.049) (P=0.019) (P=0.423)
Male N 219 200 70 57 149 143
Obs 9 6 4 2 5 4
Exp 7.78 7.22 3.21 2.79 4.58 4.42
RR 1.000 0.718 1.000 0.564 1.000 0.830
X 0.410 0.442 0.082
(P=0.522) (P=0.506) P=0.775)
Female N 282 277 69 71 213 206
Obs 30 50 5 19 25 31
Exp 40.19 39.81 11.73 12.27 28.46 27.54
RR 1.000 1.823 1.000 4.631 1.000 1.329
X2 6.046 9.064 0.984
(P=0.014) (P=0.003) (P=0.321)

* At the time of the bomb.
g i

** Mantel-Haenszel summary relative risk estimate.

Mantel- Haenszel summary ¢ 8 &} /i [ BE HE 7

**%%Mantel-Haenszel test statistics for stratified analysis (df=1).
Mantel- Haenszel R EEH R OBLEIF (BHEL).
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The managers of blood sample storage and the
persons in charge of serum TSH and TG determi-
nations were kept uninformed of the A-bomb
radiation dose received by the survivors and
presence or absence of thyroid diseases. This
is believed to preclude introduction of any biases
in the analysis of the relationship between
A-bomb radiation exposure and prevalence of
thyroid diseases, even if preserved blood samples
are unavailable or the subjects are lost due to
unsuccessful serum TSH and TG determinations.

Estimation of Exposure Dose. The estimated
exposure doses of A-bomb radiation presently
used at RERF are based on those developed by
the collaborating researchers at the Oak Ridge
National Laboratory.?’” They were estimated
with consideration given to the shielding
conditions of A-bomb survivors, and others on
the basis of theoretical air doses of gamma rays
and neutrons. Up to the 8th Report of the
RERF Life Span Study (LSS), this dosimetry
system was abbreviated as T65D, but T635D
was slightly revised because of the relocation of
the hypocenter in Nagasaki, and the revised
doses, abbreviated as T65DR,>® have been used
since the 9th Report of the RERF LSS. In
the present study, the total of gamma ray and
neutron doses by T65DR was used. The T65DR
system at present is being revised. As the
purpose of the present study is to compare the
prevalence of thyroid diseases and thyroid
functions between those heavily exposed to
A-bomb radiation and those exposed to 0O rad,
errors in the estimated doses will not introduce
any substantial errors in the results of the present
study.

Thyroid Palpation. In order to insure uniformity
in thyroid palpation findings between Hiroshima
and Nagasaki, a training period was provided for
the examiners of both cities at the time of the
1971 thyroid study,?! and it was confirmed
that their findings were based upon a uniform
criterion.  Thereafter, thyroid palpation was
conducted by the same examiners, and in order
to assure accuracy, abnormal thyroid palpation
findings were recorded only after consulting
with the physicians responsible for the AHS
examination, These findings were classified
on the basis of a modification®®*® of the
World Health Organization’s criteria which
had previously been reported by ABCC."
The physicians responsible for AHS examination
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and the examiners in charge of thyroid palpation
were uninformed whether the subjects belonged
to the 100+rad exposed group or the Orad
exposed group.

Diagnosis of Thyroid Disorders. The diagnosis
of thyroid disorders was made according to the
Classification of the American Thyroid Society™!
based on the results of the AHS clinical exami-
nation, laboratory tests, pathological findings
through 1976, thyroid findings in the AHS
examination cycle 9, and the levels of serum
TSH, TG, and anti-TG antibodies in blood
samples collected during that cycle.

Diagnosis of thyroid cancer, thyroid adenoma,
and thyroid cyst was made solely on the basis
of pathological findings.

The diagnosis of primary hypothyroidism was
established for cases of the following two
categories: 1) cases diagnosed as such by
hormone determination before cycle 9 who are
presently under thyroid drug treatment and,
2) cases whose TSH levels were 10uU/ml or
more by the determinations made in the present
study. Further, cases of this disease satisfying
the following definition of chronic thyroiditis
are shown in Table 1 as hypothyroidism due to
chronic thyroiditis and the rest as hypothyroidism
of unknown cause.

Diagnosis of chronic thyroiditis was made for the
following three groups: 1) cases pathologically
identified as such in the past; 2) cases of hypo-
thyroidism presenting either anti-TG or anti-
microsomal antibody titers (determined by
tanned red cell hF:,m::ilgglutinatiﬂme)qiz greater than
1 x10% or anti-TG antibody titers (determined
by the precipitation method in this study)
greater than 20%; and 3) euthyroid cases with
large goiters and elevation of foregoing antibody
titers.

Cases of clinically normal thyroid function
presenting neither anti-TG antibodies nor anti-
microsomal antibodies in whom one thyroid
nodule was palpable were defined as nontoxic
uninodular goiter and those in whom two or
more nodules were palpable, as nontoxic multi-
nodular goiter. Cases of thyroid cancer, thyroid
adenoma, and thyroid cyst were excluded from
these diagnostic groups.
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Cases of clinically normal thyroid function with
absence of anti-TG antibodies and antimicrosomal
antibodies were defined as nontoxic diffuse
goiter cases if the thyroid was readily palpable,
measuring 7 cm or more in transverse diameter
and protruding at the time of swallowing, or if
the thyroid was, at least unilaterally, definitely
hypertrophic and readily palpable, even if the
transverse diameter was less than 7 cm. Generally
speaking, this was when hyperirophy was so
remarkable that the goiter was macroscopically
observable.

All the hyperthyroid cases considered in this
study were cases which had been diagnosed as
such and given 1311 therapy or surgical therapy
before this study was commenced, and whose
thyroid function was either normal or decreased.

Measurement of Serum TSH, TG, and Anti-TG
Antibody Levels. Serum samples had been
preserved at —60°C for three to five years
prior to analysis. All analyses were performed
at the same time in the same laboratory. Serum
TSH was measured by the radioimmunoassay
(RIA) method® using a TSH kit manufactured
by Eiken Co., Ltd., Japan (double antibody
method) and serum TG was measured by the
RIA method reported previously by Izumi
and Larsen.*® For the measurement of anti-TG
antibodies, '*°I-labeled TG was applied to
serum, the '**I-labeled TG bound with antibodies
was then precipitated along with a second group
of antibodies (from antihuman gammaglobulin
rabbit serum), and the binding rate of the applied
1251.1abeled TG was determined.* Binding
rates up to 10% were considered nonspecific.
When the binding rate exceeded 10%, the serum
was considered to have TG autoantibodies, and
consequently TG in the blood was not measured.

Statistical Analysis. The relation between
radiation exposure and the prevalence rates of
thyroid diseases was examined using the Mantel-
Haenszel method. The sample was divided into
two exposure groups (Orad and 100+rad).
Variables adjusted by stratification were age
ATB (0-9, 10-19), sex, and city. Thus, degrees
of freedom of all the yx? statistics were 1, and
the ¢’ .ive risk was the weighted mean of
stratum-specific odds ratio. Similarly, the
Mantel-Haenszel method®® was also used for
the comparison between variables other than
radiation exposure (e.g., sex) and prevalence
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AARAIICEZTHE T H 2 L DIZIERL 2.

PR K g A e TUESE 13 4 X T 4 [0l @ a2 Wik iE VLA IS
B, ZORERMGBANRC P AR L IR
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W AEER T 3.

% TSH, #4407y, o107y
MEORE. HEICERLAZMTIZ—60C T3I~5
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ZfFbh . M TSH o #lE X% 6 TSH £ 5 b
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K.Y COEASRIII0% T TIRIEFROFLES &
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rates of thyroid diseases. In this case, radiation
exposure was also adjusted by stratification.
To compare the means of TSH and TG levels
and examine the significance of correlation
coefficients (Hp: r=0), t statistics were used.
Also, regression analyses with dummy variables
were used in order to review simultaneous
effects of city, sex, age ATB, and radiation
exposure on TSH and TG levels. Results obtained
from transformation values of square roots are
shown because, compared with raw determi-
nations and logarithmic transformation values
of both TSH and TG levels, transformation
values of square roots were considered to lead
to error variation which is closer to that of
the normal distribution.

RESULTS

All Thyroid Disorders

Among the 978 subjects, 95 cases of thyroid
abnormalities were detected, which were classi-
fied according to the diagnostic criteria used
in this study (Table 1). The cause of hypo-
thyroidism in seven cases was evidently chronic
thyroiditis. These 95 subjects consisted of
39 in the Orad exposed group and 56 in the
100+rad exposed group. The relative risk of
thyroid disorders in the 100+ rad exposed group
compared with the Orad exposed group was
1.537 (x*=3.872, P=0.049) and tended to be
higher in the former (Table 2). This is attri-
butable to the statistically high relative risk of
4.631 (x*=9.064, P=0.003) of the females in
the 100+rad exposed group who were aged
0-9 ATB. With regard to these females the
relative risk of thyroid diseases other than
thyroid cancer (15 cases in the 100+ rad exposed
group and 5 cases in the Orad exposed group)
was high, being 3.385 (X?=5.329, P=0.021).

Thyroid Cancer

Thyroid cancer was detected in eight individuals,
all of whom were females belonging to the
100+ rad exposed group. Thus, the relative risk
of the 100+rad exposed group could not be
calculated (RR=2°), but the x* value was 7.919
(P=0.005) and the prevalence rate was signifi-
cantly high (Table 3). Of the eight cases, two
were survivors in Hiroshima and six were
survivors in Nagasaki, and the prevalence in
Nagasaki tended to be higher, but there was
no statistically significant difference. Further-
more, four of the eight cases were in the 0-9 age
ATB group and the remaining four cases were
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in the 10-19 age ATB group. The prevalence of

the former tended to be higher, but there was
no statistically significant difference.

EmREAGVWHEBIZH S A, AEANICERELZETIE

AR

TABLE 3 PREVALENCE OF THYROID CANCER BY SEX, AGE ATB*,

AND EXPOSURE GROUPS
£3 BRBEOERSE; 4, FEGEDEUHERTER
Age ATB (0-19) Age ATB (0-9) Age ATB (10-19)
Sex
0 rad 100+ rad 0 rad 100+ rad 0 rad 100+ rad
Total N 501 477 139 128 362 349
Obs 0 8 0 4 0 4
Exp 3.95 4.05 1.93 2.07 2.02 1.98
RR** - - - - - -
x ek 7.919 3.804 4.118
(P=0.005) (P=0.051) (P=0.042)
Male N 219 200 70 57 149 143
Obs 0 0 0 0 0 0
Exp 0.00 0.00 0.00 0.00 0.00 0.00
RR - . - - - -
Female N 282 277 69 7T 213 206
Obs 0 8 0 4 0 4
Exp 3.95 4.05 1.93 2.07 2.02 1.98
RR . - - - - -
x> 7.919 3.804 4.118
(P=0.005) (P=0.051) (P=0.042)
See Table 2 footnotes. # 2 @& % Z 8.

Of the eight cases, six cases had already been
reported in 1971 and two new cases were added
during the period between the previous study
and this study. The pathological diagnosis was
papillary adenocarcinoma in seven cases and
follicular adenocarcinoma in one case.

Nontoxic Uninodular Goiter

Nontoxic uninodular goiter was found in 3 cases
of the 0 rad exposed group and 13 of the 100+ rad
exposed group. The relative risk of the 100+ rad
exposed group vs the Orad exposed group was
4539 (x*=6.584, P=0.010), and its prevalence
rate was significantly high. This is attributable
to the fact that the rates of both males and
females of the 10-19 age ATB group were higher
in the 100+rad exposed group than in the
O rad exposed group (Table 4).
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8 il 6 FIFI9TIFE ICBR IZHRE s NERTH S 7,
FEORAEL» S ARIOFEEE TOMIZHLIZ2HD
PR A 584 L 7=, IEERIEZIN 13 7 7] AP FLBRUIK
B, 1fA2 EIRIRE TH - 2.

FEPEMRIKIRBEEED

JEPEERIKIR AL DX O rad #EFEEEIZ 315), 100 rad
VI E#BE B3R ABRE s AEBROEREL,
100 rad L) F#EEEE D O rad BB IC6H 3 AMH AT G PR
REA4.539 (x2 =6.584, p=0.010) &, BEII&E
hot. Zhix, B, kEEFEL THERER
10—19# T, 100rad VL E#EES A0 rad SRR 2
ExTEwWERICA S EICERLTWS (F4).
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TABLE 4 PREVALENCE OF NONTOXIC UNINODULAR GOITER BY SEX,
AGE ATB*, AND EXPOSURE GROUPS

4 EhEMHERIBEEEOERZE,; %, FRBEEEH R CHEBRED
Age ATB (0-19) Age ATB (0-9) Age ATB (10-19)
Sex
0 rad 100+ rad 0 rad 100+ rad 0 rad 100+ rad
Total N 501 477 139 128 362 349
Obs 2 13 2 4 1 9
Exp 8.07 7.93 2.90 3.10 5.17 4.83
RR** 1.000 4539 1.000 1.938 1.000 9.802
et 6.584 0.561 7.066
(P=0.010) (P=0.454) (P=0.008)
Male N 219 200 70 57 149 143
Obs 1 4 1 1 0 3
Exp 2.63 2.37 1.02 0.98 1.61 1.39
RR 1.000 4.434 1.000 1.037 - -
X2 2.163 0.001 3.535
(P=0.141) (P=0.975) (P=0.060)
Female N 282 277 69 71 219 206
Obs 2 9 1 3 1 6
Exp 5.44 5.56 1.88 212 3.56 3.44
RR 1.000 4.590 1.000 2.818 1.000 6.405
x? 4.423 0.818 3.794
(P=0.035) (P=0.366) (P=0.051)
See Table 2 footnotes. # 2 O HFE & 2.
Nontoxic Multinodular Goiter FEREFHERBIRIE ZHEE

Three cases of nontoxic multinodular goiter
were detected in the Orad exposed group and
four cases in the 100+ rad exposed group (Table
1). Pathological diagnosis was made for three
of the seven cases and all three were adenomatous
goiter. There was no significant difference in
prevalence between the Orad and 100+rad
exposed groups.

Primary Hypothyroidism and Chronic Thyroiditis
A total of 23 cases of primary hypothyroidism
(14 in the Orad exposed group and 9 in the
100+ rad exposed group) were observed, but no
significant difference in occurrence between
the 100+rad exposed group and the Orad
exposed group could be demonstrated. As for
its cause, it was assumed to be chronic thyroiditis
in 7 cases, but the cause could not be confirmed
for the remaining 16 cases. No relationship
could be observed between A-bomb exposure
and occurrence of hypothyroidism by cause
(Table 1).

11

FEFPREMERIRIE £ 450012 0 rad BERETEIZ 318], 100 rad
VBRI A BB s (£1). 754 35
THEEMZI A % s h, 3 F3 <X THIRERHIX
I TH-7. Orad #LEEEE L 100 rad L) F#EBEEE O
HMTHEBREODEREZXEIAL ML WV,

REERIKBEEETE, EHRRKBRR

JEE ZEE FRAR I 8 e A T 4E (3 #H23 1 ( O rad % B 8%
14 f7], 100rad LL E#EBRBEO ) 27380 5 1 12 &%,
ZOBAREIZIE 0 rad #HEERE & 100 rad L) E#&BEEF O
M TCHBELZ LG, 2O THIZZDOERAS
EERRIREEEZE 25N, BVI6H1EZZ20ERA L
WiE CEahr-o/i. BRI ESHFIKBREERKT
IEDRELRGHMUEBBEOMIZASEFRIEZES A
Thor=(F1).



RERF TR 20-85

A total of 23 cases of chronic thyroiditis (13
cases in the Orad exposed group and 10 cases in
the 100+ rad exposed group) were seen with no
significant difference in occurrence between
the two groups. Of the 23 cases, there were
7 cases of hypothyroidism (5 cases in the O rad
exposed group and 2 cases in the 100+rad
exposed group) and 16 cases with normal thyroid
function (8 cases in the 0 rad exposed group and
8 cases in the 100+rad exposed group) with no
significant difference between the Orad and
100+rad exposed groups in either category
(Table 1).

Other Thyroid Disorders

Nontoxic diffuse goiter was observed in & cases
in the Orad exposed group and 12 cases in the
100+rad exposed group, but there was no
difference in prevalence between the two groups
(Table 1). Three cases which showed hyper-
thyroidism and are presently being treated,
showed normal or decreased thyroid function.
Thyroid cyst was observed in one case.

Serum TSH levels

Table 5 shows the means and standard deviations
of serum TSH levels of 462 cases of the Orad
exposed group and 421 cases of the 100+rad
exposed group, excluding the above-mentioned
95 cases with thyroid disorders. The reason
these thyroid disorder cases were excluded from
this analysis was that some of them (thyroid
cancer, hypothyroidism, hyperthyroidism, thyroid
adenoma, and thyroid cyst) had undergone
treatment for thyroid disorders and their serum
TSH levels might have been changed artificially.
In both the 100+ rad and Qrad exposed groups,
the serum TSH levels were distributed with a
right tail and did not show a normal distribution.
However, because of the large number of samples,
the test of difference in means which is based
on t statistics (Table 5) is only slightly affected
by this distribution. In fact, this does not
contradict the results obtained by the under-
mentioned variable transformation in further
consideration of normality of the distribution
(Table 6). It is also important to show measure-
ment values without transformation. The
serum TSH levels were 1.5421.86 uU/ml (n=462)
in the 0 rad exposed group and 1.64+1.89 uU/ml
(n=421) in the 100+ rad exposed group with no
significant difference observed between the two
groups. Also, study was made on the difference
by sex in the 0 rad and 100+ rad exposed groups,
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TABLE S SERUM TSH LEVELS (uU/ml) IN SUBJECTS WITHOUT THYROID
DISORDERS BY CITY, SEX, AND EXPOSURE GROUPS

£5 HKBESRSZELZVWEOMF TSH i (xU/ml); &, M T O # e ]
Total Male Female
City
0 rad 100+ rad 0 rad 100+ rad 0 rad 100+ rad
Total No. 462 421 210 194 252 227
Mean 1.54 1.64 | 55 i 1.44 1.90 1.82
SD 1.86 1.89 1.67 1.76 1.94 1.98
Orad t test 0.807 1.888 0.429
Vs
100+  P-value 0.420 0.060 Sug 0.668
Hiroshima No. 252 237 111 118 141 119
Mean 1.50 1.48 133 1.38 1.79 1.58
SD 1.87 1.82 1.78 1.78 1.90 1.89
Orad t test 0.121 1.068 0.900
VS
100+ P-value 0.904 0.286 0.369
Nagasaki No. 210 184 99 76 g 108
Mean 1.59 1.85 1.09 1.52 2.03 2.09
SD 1.86 1.96 1.55 1.73 2.00 2.05
Orad t test 1.368 1.700 0.198
Vs
100+  P-value Q172 0.091 Sug 0.843

TABLE 6 REGRESSION ANALYSIS WITH DUMMY VARIABLES FOR SUBJECTS
WITHOUT THYROID DISORDERS

16 HIRBELBAAELZWHEO _MEZEIC & 5 Wi
‘\/Serum TSH \/Thymglﬂbulin
Variables 8 SE (8) ; 8 SE (8) :
(P-value) (P-value)
Interception 0.815 3.354
i e
¥ S g"“mmﬁ‘a —0.081  0.053 ~1.539  —0.408  0.110 _3.714
X=0 Nagasaki (P=0.124) (P<0.001)
Sex ;fl ;ﬂmﬂle 0262  0.052 5.013 0513  0.110 4.684
=0 Male (P<0.001) (P<0.001)
Age ATB* X=1 0-
e i_é 13 ?9 0.063  0.059 1.075 0.045  0.124 0.368
- - (P=0.283) (P=0.713)
T65DR X=1 100+rad
o Tl 0.062  0.052 1199  -0.120  0.109 ~1.100
ra (P=0.231) (P=0.272)
SS  df  MS F SS df  MS F
Regression 18.496 4 4.624 7748 100352 4  25.088 9.581
Residual 523.993 878 0.597 (P<0.001) 2299.177 878  2.619 (P<0.001)
R? #x 0.034 0.042

*At the time of the bomb. [F#EE.

**(Coefficient of determination. R E % &

13
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and serum TSH levels in both exposure groups
were observed to be significantly higher in
females than in males (Orad exposed group:
n=462, t=4.599, P<0.001;the 100+rad exposed
group: n=421, t=2.095, P=0.037). Similarly,
difference by city was not significant in the
Orad exposed group but was significant in the
100+ rad exposed group (0Orad exposed group:
n=462, t=-0.512, P=0609; the 100+rad
exposed group: n=421, t=-2.016, P=0.044).
To examine simultaneously the effects of city,
sex, age ATB, and A-bomb radiation exposure
on serum TSH, results of regression analyses
using dummy variables are shown in Table 6.
These were obtained by square root trans-
formation of serum TSH levels, and when the
measurement value was zero, 0.01 uU/ml (the

minimum value excluding 0) was used. In this
case also, it is shown that the serum TSH level

is significantly higher in females than in males.
No effects of city, sex, and age ATB on the
serum TSH levels are observed.

The serum TSH levels in the subjects with
nontoxic uninodular goiter, nontoxic multi-
nodular goiter, and nontoxic diffuse goiter who
had not received any treatment for thyroid
were 0.37120.64 uU/ml (n=3), 2.90£0.54 uU/ml
(n=3), and 1.97*2.67 uU/ml (n=8), respectively,
in the O rad exposed group and 0.92+1.37 uU/ml
(n=13), 1.58x1.65uU/ml (n=4), and 2.03%
1.94 yU/ml (n=12), respectively, in the 100+ rad
exposed group, indicating no significant difference
between the two groups. The serum TSH levels
for these three thyroid disorders combined were
1.83%x2.17uU/ml (n=14) in the Orad exposed
groups and 147x21.69uU/ml (n=29) in the
100+rad exposed group and no significant
difference was observed between the two groups.
Further, the serum TSH levels of the subjects
without thyroid disorders and those with the
three thyroid disorders previously mentioned
were 1.55%x1.87uU/ml (n=476) in the Orad
exposed group and 1.63%1.87 uU/ml (n=450)
in the 100+ rad exposed group, and no significant
difference was observed between the two groups.
On the other hand, when the Orad exposed
group and the 100+rad exposed group were
combined, the serum TSH level of cases with
the above-mentioned three thyroid disorders
was 1.58x1.84 uU/ml (n=43), which was not
significantly different from 1.59%1.87 uU/ml
(n=883), the serum TSH value of subjects
without thyroid disorders.
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Serum TG Levels

Table 7 shows the mean and standard deviation
of 462 subjects in the Orad exposed group and
421 subjects in the 100+ rad exposed group who
had no thyroid disorders. As in the case of
serum TSH levels, the TG levels were distributed
with a right tail and did not show a normal
distribution. However, as in the case of serum
TSH, because of the large number of samples,
the test of difference in means based on t
statistics is affected by this distribution only
slightly. Serum TG levels were 14.76 =
15.69 ng/ml (n=462) in the 0 rad exposed group
and 13.49% 13.88ng/ml (n=421) in the 100+ rad
exposed group with no significant difference
observed between the two groups. Serum TG
level in the 0 rad exposed group was significantly
higher in females than in males (n=462,t=4.409,
P<0.001), and the 100+rad exposed group
showed a similar tendency (n=421, t=1.859,
P=0.064). By city, the level was significantly
higher in Nagasaki than in Hiroshima (the O rad
exposed group: n=462, t=-2.705, P=0.007;
the 100+ rad exposed group: n=421,t=-2.278,
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m;s4s 07071 &

FRIRHEERZE L £ v 0 rad #BERE 4624 & 100 rad
VB A2l2oMErfasa7) YEHO T
CEHFBELARTIORLA. O {orso 7Y Ll
DHMmEy, M TSHIE & RERIZCAEHIZE 75l <
SAHATCERSMHER&E LW, LA2L, iy TSH®
BEAELARIIBAE X H»EZDRENDT, t et
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PrAREE13.49+13.88ng/ ml (n=1421) THFEMIZH
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0 rad HEBEHATEZHEBEE LV EREILE L (n= 462,
t=4.409, p< 0.001), 100rad L) E#HEEFHNTYL
FREOMEGIIZH 3 (n=421, t=1.859, p=0.064).
¥/, RAICEHARICHETSE, LEBLYD K
THBIZIHEWE Z 2L /2 (0rad #i BB n=462,
t=—2.705, p=0.007; 100rad L) | # 0% B¢ :

P=0.023). To examine simultaneously the
TABLE 7 SERUM THYROGLOBULIN LEVELS (ng/ml) IN SUBJECTS WITHOUT
THYROID DISORDERS BY CITY, SEX, AND EXPOSURE GROUPS
7 HRBELRIZELZVWEOMBE A os7a7) Vi (ng/ml); &, % &k UEKEEER
Total Male Female
City
0 rad 100+ rad 0 rad 100+ rad 0 rad 100+ rad
Total No. 462 421 210 194 252 227
Mean 14.76 13.49 11.30 12.13 17.64 14.65
SD 15.69 13.88 10.55 11.58 18.47 15.50
Orad t test 1.270 0.755 1.910
Vs
100+  P-value 0.204 0.451 0.057 Sug
Hiroshima No. 252 237 111 118 141 119
Mean 12.97 12.14 961 11.28 15.61 12.99
SD 13.13 11.86 8.70 11.19 15.28 12.49
Orad t test 0.733 1.250 1.495
Vs
100+  P-value 0.464 0.212 0.136
Nagasaki No. 210 184 99 76 111 108
Mean 16.91 15.23 13.19 13.46 20.22 16.47
SD 18.10 15.97 12.06 12.13 21.67 18.14
Orad t test 0.971 0.144 1.386
Vs
100+  P-value 0.332 0.885 0.167
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effects of city, sex, age ATB, and A-bomb
radiation exposure on serum TG levels, results
of regression analyses using dummy variables
are shown in Table 6. These were obtained by
square root transformation of serum TG levels,
and when the measurement value was zero,
0.2 ng/ml (the minimum value excluding 0) was
used. In this case also, it is shown that the
serum TG level is significantly higher in Nagasaki
than in Hiroshima, and in female: than in males,
No effects of age ATB and A-oomb radiation
were observed.

As in the case of serum TSH levels, the serum
TG levels in the subjects with three thyroid
disorders who had not received any treatment
for thyroid were examined. The serum TG levels
of nontoxic uninodular goiter, nontoxic multi-
nodular goiter, and nontoxic diffuse goiter
were 5.50+4.89 ng/ml (n=3), 22.08 £ 17.27 ng/ml
(n=3), and 26.70%x25.59ng/ml (n=8), respec-
tively, in the Orad exposed .group and 29.33 %
31.29ng/ml (n=13), 26.41 £26.37 ng/ml (n=4),
and 22.62% 14.20ng/ml (n=12), respectively, in
the 100+ rad exposed group with no significant
difference between the two groups. Though the
number of samples was small, the serum TG
levels of nontoxic uninodular goiter tended to be
higher in the 100+ rad exposed group than in the
O rad exposed group. When the above-mentioned
three thyroid disorders were combined, the
serum TG levels were 21.17x21.86ng/ml
(n=14) in the Orad exposed group and 26.15 %
24.15ng/ml (n=29) in the 100+rad exposed
group with no significant difference observed
between the two groups. Also, when the subjects
without thyroid disorders and subjects with the
three thyroid disorders who had not received
treatment for thyroid disorder were combined,
the serum TG levels were 14.95%15.91 ng/ml
(n=476) in the O rad exposed group and 14.30 %
15.04 ng/ml (n=450) in the 100+rad exposed
group with no significant difference observed
between the two groups.

On the other hand, when the 0 rad and 100+ rad
exposed groups were combined, the serum TG
level of cases with the three thyroid disorders
was 24.53%+23.29ng/ml (n=43), which was
significantly higher than 14.15%+14.86 ng/ml
(n=883) of the subjects without thyroid disorders
(t=—4.332, P<0.001). Among the subjects
without thyroid disorders, a total of 16 cases,
i.e., 10 cases in the Orad exposed group and
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n=42], t=—2.278, p=0.023). M+ i vus o
7 YEICHT ZET, M, HERRERS, Bk
MO E AR IR T 32012, ZHlEHIC
EAREFTOEREEG IZHRL . A ESiIRT
tAa7a7) YVIEOFHRERIZESZLE0T, HlE
LA 0 DG, 0.2ng/ml(0 ZERV /A /ME) & L7
TOBETE, MiFH40ro7) L, EELY
ki, BUELIXETCEEIIGVWILEERL TV 3.
BOREF D, FRRERICL2 B BRBEsAL L.

e,

m % TSH f& & [RlEk, BFARIR ST 32 £ < 2T
WZEWVW=2DHIKIYERIZODW T A ara7) &
ML TAHL. JEPBFEFIRIREEE, JEPEt
FRIKRR % %5 50 B O JE o BE4E IR Y HURNR Al 0 SE 171 12
HlFAMiEH{as a7 AElE, Orad HEEFTEA
5.50+4.89ng/ml (n=3), 22.08+17.27 ng/ ml
(n=13), 26.70+25.59ng/ml(n=28), 100 rad
DI F# B T&4£29.33+31.29ng/ml (n=13),
26.41+26.37ng/ml (n=4), 22.62+14.20ng/ ml
(n=12) THEMIZEELZEIA N V. BRI
JErp B M FARIR S ET 13 100 rad LI E#%
BEEEA O rad BB ICHATMHEH 0707 V|
AmwdEmicsd s, LD =2>0HKIRFELEzGDbYE
mimE, MiEH 407 a7) {0 rad # BB
21.17£21.86ng/ml(n=14), 100 rad L) |- #% B 8%
26.15x24.15ng/ ml (n=29) THIBFRIICH ZE 2 £ 12
Aohgwvw. £7-, FRREREZ2ELZ2VWHREL
FIKIREB LW T 3EE 22T TV =2D
HIRRESEZEbEAMEH o071 Y {Eld O rad
KHERE14.95+15.91 ng/ ml (n=476), 100 rad}J) L
AERE14.30£15.04 ng/ ml (n =450) THEMIZHE
2L L.

D% W,

T, ZO0BRKBRELEEZETAEMOMFEY A 0
sa7") Afild, Orad #EEHRE, 100 rad D) | FEERF
B b T24.53+23.29ng/ml(n=43) T, HIRIR
BEERAEAL Z v 0rad #EEEE, 100rad DL L # BEHE
Ght7:14.15+14.86ng/ ml (n= 883) IZHARTH &
IZE W (t=—4.332, p<0.001). HIRRER %
BELzuwxaBgEh, M4 arso0 7 2EFEA




6 cases in the 100+ rad exposed group, showed
an increase in serum TG levels (61.00~
148.50 ng/ml). For the following four years
after determination, no clinically evident thyroid
disorders have been observed in these cases.

Correlation Between Serum TSH and TG Levels

Table 8 shows correlation coefficients of serum
TSH and TG levels in 883 subjects without
thyroid disorders. Both in the 0 rad and 100+rad
exposed groups, a positive correlation was
observed. This is attributable to the high cor-
relation coefficients in both males and females
in Nagasaki. Especially, in Nagasaki, the Orad
exposed group (n=210, T;=0.546) showed a
significantly higher correlation than the 100+rad
exposed group (n=184, T,=0.265; test by Z
transformation, Z=3.353., P<0.001 for Hp:

r{ =TI, ). When subjects with nontoxic uninodular
goiter, nontoxic multinodular goiter, and non-

toxic diffuse goiter who had not received any
treatment were combined, the correlation
coefficient of serum TSH and TG levels was
r=0.255 (t=1.689, P=0.098), and when the
subjects with these three thyroid disorders and
the subjects without thyroid disorders were
combined (n=926), the coefficient was r=0.280
(t=8.862, P<0.001).

DISCUSSION

The ABCC-RERF AHS disclosed that the occur-
rence of thyroid nodule was significantly higher
among exposed subjects in 1958-39, 15 years
after the A-bomb.'®!” By 1971, subsequent
studies had shown that the occurrence of thyroid
cancer 1n the group that had been exposed
in Hiroshima and Nagasaki was significantly
high.'®"%2  Several studies®™!° have reported
that the thyroids of young persons are more
sensitive to the effects of radiation than are those
of older persons.

The subjects of this study were limited to those
whose ages ATB were less than 20. Study
was made on serum TSH, serum TG, and the
prevalence of all the cases of thyroid disorders
which had developed by 1975-76, 30 years
after the A-bomb exposure. Comparison with
the strictly selected O rad exposed group revealed
significantly high occurrence of thyroid disorders
in the 100+ rad exposed group. This significant
increase in the prevalence of thyroid disorders

is attributable to the high occurrence of thyroid
cancer and nontoxic uninodular goiter in the

100+ rad exposed group.
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(61.00~148.50ng/ml) L TW/-4EM 470 rad sBEEF
10150, 100 rad L) -#pREE6 1, atl6GliZ@istsn
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TABLE 8 CORRELATION COEFFICIENTS OF SERUM TSH AND TG LEVELS
IN SUBJECTS WITHOUT THYROID DISORDERS

#8 HRIBHELAZEL 2 VWEOMF TSH &4 ara7) ED B E
City Sex Total 0 rad 100+ rad
Total Total r 0.287 0.328 0.242
t test 8.895 7.439 5.108
p-value < 0O1*** <(0,00] *** <0001 ***
No. 883 462 421
Male T 0.240 0.216 0.258
t test 4.957 3.188 3.704
p-value <0.001%** (.002%* <. DG ***
No. 404 210 194
Female I 0.288 0.339 0.223
t test 6.566 | 5.697 3.435
p-value <0.001*** <0.001%** 0.001%**
No. 479 252 2217
Hiroshima Total r 0.140 0.088 0.202
t test 3111 1.400 3157
p-value 0.002%* 0.163 0.002%**
No. 489 252 237
Male I 0.107 —0.119 0.267
t test 1.623 1.254 2.989
p-value 0.106 0.213 0.003**
No. 229 111 118
Female I 0.135 0.123 0.142
t test 2.182 1.465 1.550
p-value 0.030% 0.145 0.124
No. 260 141 119
Nagasaki Total T 0.413 0.546 0.265
t test 8.989 9.390 3712
p-value <01 ES <0001 *** <0.001%***
No. 394 210 184
Male r 0.401 0.548 0.240
t test 5.763 6.460 2.126
p-value IR TN <0.001%** 0.037*
No. 175 99 76
Female r 0.399 0.521 0.265
t test 6.417 6.381 2.824
p-value <) DTS <0.001*** 0.006**
No. 219 111 108
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In the study of the residents of the Marshall
Islands conducted by Conard et al,*> *® thyroid
cancer occurred at a high frequency among those
exposed to the radioactive fallout from the
hydrogen bomb. The eight cases of thyroid
cancer found in this study were all in the
100+ rad exposed group, demonstrating a signifi-
cantly higher prevalence than in the Orad
exposed group. Kugimoto et al* have made a
report on the frequency of thyroid cancer in
Japanese based on a population in Nagano
Prefecture. Among the 30,359 residents, 40 cases
of thyroid cancer were observed, the frequency
being 1.3 cases/1,000. The frequency of thyroid
cancer increases with age. In the same Nagano
Prefectural study, when the onset age was
limited to approximately 30-50 years as in the
present study, the frequency of thyroid cancer
was 2.0 cases/1,000, the frequency among
females being 2.8 cases/1,000. The prevalence
of thyroid cancer in our study population,
which is smaller than that in Nagano, was 8
among 477 persons of the 100+rad exposed
group, that is, 16.8 cases/1,000. Thus, the
prevalence of thyroid cancer is much higher in
survivors than in the population in Nagano. The
occurrence of thyroid cancer as a late radiation
effect has been observed even 35 years after
ﬂxpﬂsure.u’m’ls The estimated radiation doses
of the eight subjects with thyroid cancer were
all 100 rad or more, which is considered sufficient
to induce thyroid cancer.

In this study, the pathological diagnosis of
thyroid cancer among survivors exposed in youth
was predominantly papillary adenocarcinoma, as
in the previous results of the ABCC study by
Parker et al.>! Furthermore, the thyroid cancer
in the exposed residents of the Marshall Islands
was, in each case, papillary adenocarcinoma.*?™%
Generally, thyroid cancer not induced by
radiation is predominantly papillary adeno-
carcinoma,*®%” which is also highly prevalent
among thyroid cancer as a late effect of radi-
ation.'®'*  Serum TSH and TG levels in these
eight thyroid cancer cases were normal.

Also in this study, nontoxic uninodular goiter
was observed at a significantly high frequency
among the 100+rad exposed group. In the
ABCC study'”?! in 1959 and in the study of
residents of the Marshall Islands by Conard
et 31,25’26 thyroid nodule was observed also
at a significantly high frequency among the
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exposed group. In the study of residents
in Nagano Prefecture by Kugimoto et al,%
353 (1.1%) nontoxic thyroid nodule cases
were observed among approximately 30,000
individuals. The prevalence for those who
were about 30-50 years old at onset as were
our study subjects, was 1.3% (males 0.8%
and females 1.7%). Frequency of nontoxic
uninodular goiter in the Orad exposed group
in Hiroshima and Nagasaki was 0.6%, half as
high as that in Nagano. Among the 100+rad
exposed group, on the other hand, the frequency
was 3.0% for all the survivors, 2.7% for males
and 3.2% for females, each being twice as high
as that in Nagano.

A relation between occurrence of thyroid nodule
and increased TSH level in exposed Marshall
Islands subjects was reported for the first time
by Conard et al.?® However, in the present
study of those exposed at young ages iIn
Hiroshima and Nagasaki, no relation could be
observed between occurrence of thyroid nodule
and serum TSH or TG level. As Schneider
et al'®> and Yamashita et al*® have reported
that serum TG level cannot be regarded as a
tumor marker for small thyroid cancers, it
cannot be determined by serum TG whether
these thyroid nodule cases are cancerous or not.
In a previous report by ABCC,*! cancer was
detected in 8 cases among 19 nontoxic uninodular
goiter cases studied histopathologically. Patho-
logical studies of exposed Marshallese disclosed
benign goiter in 38 cases and cancer in 7

cases.?® There is a strong possibility of thyroid
cancer being included in the nontoxic uninodular
goiter cases that were frequently observed in
the 100+rad exposed group in Hiroshima and

Nagasaki. Thus, a careful follow-up is necessary.

No specific relation was observed between the
development of chronic thyroiditis or primary
hypothyroidism and radiation exposure. In 7
of the 23 cases of primary hypothyroidism, the
cause of the disease was chronic thyroiditis.
The cause of the disease in the remaining 16
cases is unknown, but primary hypothyroidism
is not considered to be induced by radiation
exposure because there is no significant differ-
ence in occurrence between the 100+rad and
0 rad exposed groups.

There was no significant difference between the
100+ rad and Orad exposed groups in prevalence
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of nontoxic diffuse goiter, which is consistent
with the previous report by ABCC.?° Serum
TSH level was little related to thyroid swelling,
which is consistent with the previous result.?’
On the other hand, serum TG levels were high in
the group in which the three thyroid disorders
of nontoxic uninodular goiter, nontoxic multi-
nodular goiter, and nontoxic diffuse goiter were
combined. This might indicate a relationship
between the occurrence of these thyroid disorders
and release of TG into the blood from the
thyroid. However, discussion on the relationship
between occurrence and A-bomb exposure
cannot be made under present circumstances,
and further review will be necessary.

Serum TSH and TG levels were measured in the
100+rad exposed persons without thyroid
diseases to determine if there were any disorders
in thyroid cells, but no significant difference
was shown in comparison with those in the
Orad exposed group. Serum TSH and TG
levels were not specifically affected by A-bomb
exposure, but were higher in females than in
males. The serum TG levels of both 100+ rad
and 0 rad exposed groups were higher in Nagasaki
than in Hiroshima, and were closely correlated
with serum TSH levels. The reason for this
difference in serum TG levels between Hiroshima
and Nagasaki is unclear. Higher TSH levels in
females as compared to males have been reported
previously.?® The fact that TSH and TG levels
showed a positive correlation in these subjects
may be consistent with the finding in previous
repnrts‘"g’su that TG levels are elevated by TSH.
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