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SUMMARY

Simple goiter was found to be significantly increased
in females at age 26-45 in 1971-72 who were heavily
exposed to the A-bomb when they were under 20
years old. Although goiters with nodules were few,
these, too, tended to occur in exposed females.
Levels of serum thyrotropin were not correlated with
the prevalence of goiter, nor were they related to
A-bomb exposure. Slightly, but significantly,
increased levels were found in females compared
with males.

It is concluded that, in the range of exposure doses
received, A-bomb survivors may have had thyroid
gland injuries that recovered functionally, though at
the expense of glandular hyperplasia.

INTRODUCTION

lonizing radiation directed at the thyroid gland has
been shown to cause hyperplasia, nodularity, and
benign and malignant transformation of this organ.
These effects occur in normal or hyperplastic glands,
at various ages and in several species.1"8 Radiation
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may also result in diminution of thyroid function,
leading, in some cases to myxedema. While this
effect has been noted most frequently in hyperthyroid
patients treated with radioiodine,%:10 it has been
reported 11714 that the normal thyroid gland is
susceptible to radiation-induced hypofunction.

Marshall Islanders accidentally exposed, in 1954, to
both external and internal (from fallout) ionizing
radiation have shown a high frequency of thyroid
nodules.!5 In some of these individuals, thyroid
cancer has developed. !

The present study was undertaken to reassess the
late effects of radiation on the thyroid glands of a
population that is unique in its size and radiation
history. This is a fixed group of survivors exposed
to external total body radiation from the A-bomb,
matched with control subjects, who are undergoing
long term evaluation by ABCC in Hiroshima and
Nagasaki. Increases in the prevalence of nodular
goiter among those close to the A-bomb were
reported by Hollingsworth et al6 from a study in
1958-59. Others have shown that the rate of thyroid
cancer was significantly increased in heavily
exposed survivors as long as 20 years afrer
exposure, 4,5

In the present study, a subsample of the ABCC
population was evaluated for the distributions of
serum thyrotropin (TSH) levels, and of thyroid sizes,
particularly goiter as defined below. Also, TSH
levels were analyzed in relation to goiter and served,
with the usual clinical and biochemical parameters
to identify cases with thyroid dysfunction.16

METHODS

Population, The ABCC-JNIH Adult Health Study
(AHS) is a program of systematic biennial exami-
nation of a large cohort of approximately 20,000
persons who were resident in Hiroshima and Nagasaki
in 1950.17 Those individuals who were proximally
exposed to the bombs (within 2000 m), were matched
by age and sex to a group more discally exposed, and
also with another control group of persons who were
not in either city (NIC) at the time of the bomb(ATB).
Examination of persons in the AHS was begun in
1958, and all surviving members of the original
cohort who continue to reside in the ciries of
Hiroshima and Nagasaki are scheduled for clinic
visits every 2 years. From the AHS cohore, all
persons under the age of 20 years ATB who came to
the ABCC clinics for biennial examination from June
1971 through March 1972 were selected for the
present study. The age selection of persons under
20 years old ATB was intended to be the basis of a
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simultaneous study of the effects of radiation on the
growth and development of those exposed to atomic
radiation in childhood. That study will be reported
separately.

Clinical Examination. Components of each clinic
visit were: history, physical examination, complete
blood count, urinalysis, electrocardiogram, chest
X-ray, and other tests and procedures indicated in
each individual case. Estimation of the size of the
thyroid gland by clinic physicians was accomplished
during the routine examination.

Thyroid gland size was recorded on the basis of
modification 18 of criteria of the World Healch
Organization. 19 The classification groups for
thyroid size used in the present study were:
1) thyroid not palpable; 2) thyroid palpable at
isthmus, lobes, or entirely; 3) palpable goiter
(slightly enlarged), but not visible with head in
normal position; 4) definite goiter visible with head
in normal position; and 5) large goiter recognizable
at a distance. The presence of any nodules was
also noted. [n the present study, the thyroids of
1563 consecutively examined individuals are the
basis of analysis.

While a much larger number of examiners participated
in the present study compared with that of
Hollingsworth et al,6 the classification of thyroid
size was considered specific enough to minimize
interobserver bias. Also, an instructional period
preceded collection of thyroid size data. [n addition,
independent examination of 200 individuals in
Hiroshima by one experienced physician yielded a
prevalence of goiter (about 5%) similar to that found
by all clinic physicians combined. Cases per
examiner averaged about 95,

Dosimetry. Radiation dosages received by each
person in the AHS (noted as TGS dosages20) were
estimated by ABCC from distance and shielding
information provided by the exposed individual,
employing air dose curves developed by the Oak
Ridge National Laboratory.2l The radiation dosages
are the sum of the dose in rad of neutron and gamma
radiation received by each individual. Radiation
dosages of each patient are not noted in clinical
charts, and were not available to the clinic physi-
cians or the investigators in the present study
during the examination and identification of cases.

No separate estimation of thyroid exposure doses
have been made. In consideration of the high
energies of atomic radiation, thyroidal dose was
considered the same, or very nearly so, as total
body dose.
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Method for Radioimmunoassay TSH. Serum TSH
levels were determined22 on subjects whose sera
were obtained at the time of examination of the
thyroid gland. The majority of TSH determinations
were performed within 1 month of serum storage at
— 20 C, while the longest period of storage was 6
months.  Purified human TSH and anti-TSH* were
obtained from the National Pituitary Agency,
sponsored by the National Institute of Arthritis and
Metabolic Diseases. A human reference TSH
preparation** and commercial grade human chorianic
gonadotropin (HCG) were employed. The Dainabot
Lab., Ltd., iodinated the TSH used in the study
with 1251, and supplied the normal rabbit serum and
anti-rabbit gamma globulin. The human TSH-12571
preparations had specific activities which ranged
from 204 to 293 mCi per mg. The assay procedure,
slightly modified by us, is summarized as follows:
0.1ml to 0.4ml TSH standard, or 0.3ml serum to be
assayed, was added to buffer (0.01M phosphate,
0.15M NaCl, 1% bovine serum albumin, 0.1% Na
azide, pH 7.6, final volume 0.9ml), 0.1ml,
0.1M EDTA, 0.1ml (HCG 101U), 0.1ml of anti-TSH
(dil. 1:20,000), and the mixture was incubated at
4C for 4 hours.  After addition of 0.1ml of
L23[-TSH (0.05 to 0.1 mg), and incubation at 4 C for
5 days, 0.1ml of anti-rabbit gamma G (dil. 1:10),
and 0.1ml of 1% normal rabbit sera were added.
This mixture was incubated at 4C for 24 hours, and
radioactivity of the precipitate was measured using
a standard well counter after centrifugation at
500 % g for 30 minutes.

Duplicate analyses were performed on each patient’s
serum, and the TSH standards were analyzed in
triplicate. For further quality control, random
exchangés of sera were made with Dr. N. Hiroshige
of Sumitomo Hospital, Osaka. Results of comparative
radioimmunoassays done by ABCC and the Sumitomo
Hospital are presented in Figure 1. Pooled sera from
the ABCC clinic population were also used as
standards for interassay comparability. Three of the
pooled sera had TSH values in the normal range,
while one was intentionally elevated by the addition
of serum from a myxedematous patient.

Construction of Standard Curves. Background
radiation was subtracted from the radioactivity of the
final precipitate. The difference was then divided
by the zero concentration (standard) count to obtain a
percentage of precipitated radioactivity. In the case
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FIGURE 1 RESULTS OF COMPARATIVE RADIOIMMUNOASSAYS DONE BY ABCC
AND THE SUMITOMO HOSPITAL
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of the standards, the percentages were linearly
regressed the logarithm of the
standard concentrations over the range 2.5-66.7uU/ml.
In that range, the percent bound-long concentration
The choice
of concentrations was weighted towards those near

against natural

relationship is approximately linear.l6

the ends of the expected linear range in order to
minimize the standard error of the estimated slope.
However,
the range,

due to possible curvature at either end of

radioactivity in the final precipitate at
several concentrations, in addition to those at the
in the
The adequacy of the linear regressions
was tested by performing tests for lack of fit, using

end points, were evaluated calculating

regressions.

the mean square error from the triplicate readings as
a measure of pure error. In cases where significant
lack of fit was found, the end points were excluded,

and the regression was refitted over the smaller

range. The adequacy of the linear model was then
tested again, and the procedure repeated, if
necessary, until an adequate linear fit was

obtained.23 TSH values for unknown serum samples
were determined by substituting the percent bound
the unknown the standard curve,

calculating the corresponding TSH concentration.

for into and

A standard curve was constructed for each of the 24
each of which consisted of 20 to 150
unknown sera,
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Statistical Methods. Tests for significant increases
in percentages of persons with goiter among those
in the high dose groups were one sample (exact)
tests comparing the high dose percentages against
those of the NIC or 0 dose groups separately or
combined. The NIC and 0 rad percentages were
assumed to be essentially constant since they were
derived from considerably larger sample sizes.
Tests for the effects of sex and radiation dose upon
TSH levels were Wilcoxon rank sum tests performed
on the data for each assay batch.

RESULTS

Radiation and Goiter. The distribution of thyroid
size measurements is shown in Table 1. Goiter
(thyroid size groups 3 to 5, see Appendix A) was
virtually limited to females. Among women in
Hiroshima 30 subjects (5.5%) and in Nagasaki 37
subjects (8.9%) had enlarged thyroids, while the
rates in males were 1.3% and 0.9%, respectively.

Goiter in females was increased in both cities
among those who had received radiation dosages of
over 300 rad. This was statistically significant
(P<.01) only among Nagasaki females. Table 2
lists the percentages of prevalence of goiter in
females in the various dosage intervals in the two
cities. [t can be seen that goiter was present in
higher rate among females exposed to doses as low
as 10-49 rad in Nagasaki.

Simple goiter was found about equally in the two
cities among nonexposed females (NIC and 0 rad
group). Table 2 also shows that thyroid nodules
tended to be located in subjects with greater
exposure in both cities. Of six persons with
nodules, only one received no radiation. Nodules
without goiter were not found in this study, and
nodules with goiter were rare in males. Among
females in both cities nodular glands were found in
9% of those with goiters (0.6% of those examined).

No significant differences in the percentage of
goiter in females were noted between those aged
0-11 ATB, and those aged 12-19 ATB, who were
either NIC or in the zero dose group. In Hiroshima,
in those exposed to over 100 rad, however, four of
the six patients with goiter of grades 3-5, were
under 12 years old ATB. The total number of
persons aged 0-11 in this dose group was only 23,
compared with 63 persons aged 12-19. [In Nagasaki,
increased prevalence rates in those exposed to high
radiation dosages during childhood (age_0-11 ATB)
were not seen. Six of the seven patients in the
300+ rad group were in the 12-19 year age bracket,
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TABLE 1 DISTRIBUTION OF THYROID SIZE MEASUREMENTS IN PERSONS <20 YEARS OF AGE ATB
# 1 JEHEEEH 208 RO E 2B A BPRIRO K & S OFHAEO 5T

City Thyroid Size* BIKIE® A = &
y 1 2 3 4 5 Total # it
Male %1%
Hiroshima 155 158 216 4 0 1 379
Nagasaki E w 173 47 1 1 0 222
Total it 331 263 5 1 1 601
Female “{k
Hiroshima 15 & 211 306 22 5 3 547
Nagasaki F i 260 118 21 14 2 415
Total it 471 424 43 19 5 962

* See Methods 77 ik sl & 204

TABLE 2 PREVALENCE OF GOITER (CLASS 3.5) IN FEMALES BY ESTIMATED RADIATION DOSE
#£2 KM H TS FRIRIE (530 3 — 5 ) ok o i BRACH AR I AU A R

T65 Dose (rad) Hiroshima 15 &

Nagasaki  Lx#ff

e S e e S«
NIC, <1 271 16 5.9 219 12(1) 5.5
1-49 149 6(1) 4.0 33 4 12.1
50-99 42 2 4.8 23 3(1) 13.0
100-299 56 3(1) 5.4 107 11 10.3
300+ 29 3(1) 10.3 33 7{1) 21.2
Total &t 547 30(3) 5:5 415 37(3) 8.9

Figures in parentheses are cases with nodules, included in preceding number.
o CHNOMFEER s ETAATHA. ZhiE, TOMIRLTHAMBCIEEA TV S,

yet the total sample size in this age group was
only twice as large as the 0-11 year group.

While goiter (size groups 3-5) was found signifi-
cantly more frequently only among Nagasaki females,
if it is more strictly defined (thyroid size of class
4 or 5), so as to exclude borderline or questionable
goiters then the differences between the 300+ rad
dosage groups and those NIC or receiving zero
radiation are accentuated, with P<0.01, for both
cities (Table 3). It is apparent that nodules were
associated with the larger glands, since five of six
nodular goiters were classified as 4 or 5.

TSH and Thyroid Size. TSH determinations were
made on two-thirds of the patients who underwent
thyroid examination. Twenty-two of the goiter
patients (classes 3 to 5) in Hiroshima, and 27 in
Nagasaki had TSH levels measured (Appendix A).
In Hiroshima, 13 of the 22 patients had TSH values
in the upper 50% of the measurements from the assay

OB LTWAN, ZOFEBECHTLHERELY
20 —11EHD 2T E LRV,

FRR ISR ( ke & = 5730 3 — 5 ) OMHAE L, RiFo ik
2BV TOLERICHML TwAD, &5 I10HE 4G ER
(kMmO Kk sn5H4bL0°6) AL TH RS
B ldEEbh U FURIGIES £ B35k L 2B & icd, mi L
£12300 rad WL EOBEL AL WA - RS S0 IEHE
HEs T ah--HEOERBAL, PK0.0ITHE
(£3). sEmig, PIKIEYRKEVHIZEDLSN S Z LA
e A2THD. Thbb, FEHIKBEIRIREE 6 A 5 fHl
FHAZFTEEESTH 7.

TSH & BKENAE &, PRIBOBELZHAED IS
@21z 2WT TSHMlE AT abhz. R TMH, R
T27E O R NRIE (53 3 — 5) 122w T TSHIE O # =
Adn 5N ((H8A). BEIZHTS 0221360
TSH i1z, #hFhoilicsits2MED I &0 EA50% 1



TABLE 3 GOITER IN FEMALES (CLASSES 4, 5)
#3 LM EDSPIRIRE (584, 5)

T65 Dose (rad) Hiroshima 1% %

Nagasaki £

4t Subjects Gojter % Subjects Goiter %
Wt AR AR X% FRAK B RiE

NIC, <1 271 3 1.1 219 4(1) 1.8
1-49 149 0 0.0 33 2 6.1
50-99 42 1 2.4 23 1(1) 4.3
100-299 56 1(1) 1.8 107 2 1.9
300+ 29 3(1) 10.3 33 7(1) 21.2
Total #t 547 8(2) 1.6 415 16(3) 3.9

Figures in parentheses are cases with nodules.

batch in which the determination was made, while
in Nagasaki, 15 of the 27 had TSH values in the
lower 50%. Neither of these proportions differ
significantly from 0.5, the fraction expected if TSH
and goiter were, in fact, unrelated.

TSH and Radiation Exposure. During the present
investigation, 24 radioimmunoassay ‘‘runs’’ were
performed. In 16 of the 24 measurements of
standard curves, linear regression over the entire
range (2.5 U/ml to 66.7 ¢ U/ml) satisfactorily
described the relationship between percentage of
precipitate bound and log concencration. The mean
slope of these 16 linear standard curves was —0.20.
The range of slopes of all assays was —0.15 to
—0.27, with standard deviations of 4.4x10°4 to
14x10°4, Variability among TSH radioimmuno-
assays has been quantified previously by others.24

A total of 1663 TSH determinations were calculated
for members of the study group. The distribution of
TSH values is shown in Figure 2. Results from
several assays are excluded from this figure due to
unexpectedly high TSH values for the batches of
pooled serum.  The resulting bias which would
diminish the upper (right-hand) tail of the frequency
distribution is considered minimal. The distribution
The median TSH
value was 3.0 u U/ml for males, and 3.25 4 U/ml for
females, with 35% and 28% of the TSH values,
respectively, below the linear portion of the standard
curve. Only 1.2% of males and 1.6% of females had
TSH values above 10 U/ml. Wilcoxon rank sum
tests demonstrated that females had higher mean
rankings of TSH values in all but 5 of 24 assays
(P <0.01), and in none of the remaining 5 assays in
which the male values were higher were the
differences significant (P >0.1). In the same manner
survivors who had received 100 or more rad did not
have significantly different TSH values from the
NIC or 0-9 rad groups. Mean TSH percentiles (TSH

is skewed with a long upper tail.

Mo lHIEEEHT AR BETL 2.

BENTWA. —F, EFIZH 227 % 150 ¢ TSH il
BTHSO%ICEENTHAE, 202> #E|41:, TSH &
FRIRIRE A PR O B A IIFF s N A LB 0.5 & 3

ZEIXEL

TSH ERGHEHMR.  SEOATC2AHLO M EGE T »
A E2IT %ok FELALUOEERSO S LD16TIE,
BEXBOABY R BEOME L OMEY, TNTOR
FE(2.5—66.7TuU ml )b THMBAEHIZE -
THHcidshas Z LHFRL N, 20160 HENE
High RO EHHRIE—0.20Th-2. E#HzH 05 M
EAZHT 2HEE—0.152 5 —0.27T0®EIzh =0, 12
HERZEIL 4.4 X104 2V L14X10°% Th -7/, TSH &
BRET v L4 OEME, WOMEESIZL->TTTL
Elfbahtns. M

R A R H G EF166310 o TSHlE 27f7 4 b d17=. TSH il
DEHER2IZRL A, BHOKETIZ, BAMTIC
LTEMZEHSVTSHIE A 5 NizoT, ZoM» st

LTha. 2OEDIZERETRO LM (ER) PETT3

@0 AETEH, ChBI{BETHZ EELS N/

FHEEMAOEAER L. TSHlMEO PR, B

HE3.0 U /ml, “t3.25uU “ml T, B Lizk+5
TSH#l7E 0 Z 1 274135% 5 & UF28% 4 1 i i S on i B
FENBLEMEAERL A TSHEA 104U ml WL ETH -
dlE, BHEL2%, T 1.6 %2+ 4. Wilcoxon

JERLZE O HIE O R, UM oBmED SHLME, w
b &Iz 5 TSHIED FHIER 278 < (P <0.01),
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FIGURE 2 RELATIVE FREQUENCY DISTRIBUTIONS OF TSH VALUES
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TABLE 4 MEAN TSH PERCENTILES ACCORDING TO CITY, SEX, AND RADIATION DOSE
#4 FHYTSH A SO E: W - 4 - gt s)
T65 Dose Hiroshima [7 1 Nagasaki %
S Male %5 Female & Male 434 Female # {4
(rad) Sample Mean Sample Mean Sample Mean Sample Mean
o B B F Il MRE K T4 il o B M - B filf xR B T
NIC 100 .43 132 48 49 42 100 51
0-9 140 A7 208 .54 65 45 112 b8
10-99 79 .50 139 52 36 A7 47 .61
100-299 43 .45 51 .55 61 .49 96 sl
300+ 29 42 32 .57 23 .54 32 .52
Total it 391 46 562 .52 234 46 387 54

rank divided by assay sample size), summarized in
Table 4, show no differences in TSH levels for both
sexes among the various radiation groups. In
Table 4, 27 results were not included from 2 assays
of fewer than 20 unknowns to avoid inaccuracies in
ranking. Also, 60 subjects whose radiation dose is
unknown were not included in the table.

Cases with Thyroid Dysfunction.
with goiter, 49 subjects were
levels of TSH (Appendix A).

were elevated.

Among persons
tested for serum
Only two of these

These 2 were included among 25

BT 3EEETH->TEBA)ICIE, F2LIERLALS
W5 - Ll TSHIEIZ U SEE S BMOZ B0 s h
V. BT, WERLREOTRIEMES R 5 720, R gy
206LITFTH - M 2HIZB 1T 2275 Ol E 452 % i

b, Fe, WEBBERSTHOME Z0ECED L
bi LW A
RKBBET2E2FT 6. FRREZET 3503

LA B DV T TSHINE # 17 4 -7/ ((F4RA ). Hh0
HROOENADIF2HI12TEL . TSHEORME 5 L
ZE LTI 2256 (HEB) oI biczm 2l AE



persons who had elevated levels of TSH (Appendix B).
Twenty-three of those with high serum TSH 2104 U/ml)
had no goiter (i.e., thyroid size less than class 3),
but all were requested to return for tests for T4 and
T3uptakE(pErformed by the 406thMedical Laboratory).
These tests were obtained on six subjects, including
the two cases with goiter.

the
of his complete

Thyroid dysfunction was
physician in
examination. One
thyroidism was found.

also evaluated by
clinic the course

instance of possible hyper-

In summary, from the present survey, five cases with
possible or definite hypothyroidism and one with
possible hyperthyroidism were detected on the basis
of and/or biochemical One
additional individual had elevated TSH levels with
normal biochemical tests. Details on these seven
cases are shown in Table 5. The cases are too few

clinical findings.

for detailed analysis of possible radiation effect,
but three of four persons with hypothyroidism (1 after
thyroidectomy) were exposed to more than 10 rad of
atomic radiation. One additional patient with low
normal T, level and low T3 uptake hadheavy exposure.

Tha, M TSHEA @ (210U ml ) LB S5 R
EOILBHTFRBIEY 2L (T4abb, BIR
IRoks s3I LN baral)d. TubLU T #E

HREE A BR ( 406 EEZWFIRAT T HhE) O 2912 ;‘f} F 22 3
EOEHLA. BRIE2HEET 6 BAZOMREEZ
ks

Fh, BPEELER, B2 2GRAO—MLLTHR
FREERE R 4100 W T AR & 17 4 v, FRIRIRERETTE O
SEWEHETAHEN L LD LN

%0, SEORAET R AT R & 2 13 R (LAY AR R

2D T, iR ﬁﬂikﬂfﬁ BB 3z 0BV ESH
T AENSE, PRIGBETEDHVEETIEN 1A
ndab SNz, FOEA 1 BICTSHEOHMA & - 72,
t DELF !M- HHELEHTH . 20T HOEN
35 IRL 2. FlEAb v, KT O T
MElzow TR RFETE 4nd, (FRRELED
117 % &) BRI Fi; HE R 4 e 3 1, 10rad DLk
mm LGRS F T, 20 s, Ty ADEME A
EafEEOENIES T, T, BIEIEHTH- L 1H
CRIEHERE T H - .

TABLE 5 CASES WITH THYROID DYSFUNCTION

#£5 HIRIREET2EET 5H
TS T BT I T
t t t . .
MF No. Sex ﬂal;:; ATB Exam * fml » B/100m 7 ija E:, v”f?“é”._ v m?ﬁlﬁ'?{'l‘j’: Diagnosis
WA S HE S M (rad)  FURME B (<10 (3.0-6.5)  (25.36)  (120-244) R i bt
F =600 16 42 27 4.0 18.5 167 Simple goiter HL#HG K IR E
Possible hypothyroid
HLIRBR R RERGE 0 BE
F 91 15 41 63 2.0 16.5 175 Negative Simple goiter il IR R AT
B Possible hypothyroid
T FA NS R O L
F 11 17 42 >100 13.5 164 Possible Nodular goiter g4 BRI
BEv b Hypothyroid & i kit
M 208 7 33 74 2.1 23.8 207 Thyroidectomy (cancer)
FRLIR G40 2 (488 )
Hypothyroid — SRiRM b fiERGR
F NIC 8 34 72 2.4 20.0 241 Negative Hypothyroid ki ks ol
¥ NIC 10 36 19 4.8 25.5 291 Rt Euthyroid 574 g % fit: 1F 4
I 0 16 42 5 8.7 16.7 163 Possible hyperthyroid
RN B e O D EEL
1+ Normal range IF % #i 4 * Goiter Class 5 7 $i 5 @ BIKIRIE
DISCUSSION P
Diffusely enlarged thyroids were the predominant LSfal o ME T, B EERRIRIE A A L 2 RRER,

type found in the present study, with a female

of approximately 9:1 in .the cities
In Hiroshima, simple goiter was noted in

found by

predilection
combined.

4.9% of females compared with 3%

10

#9: 1 (7).‘]|J et ET sz EARD N B
”tl‘i‘.ﬁ-‘lkﬂm , LEICE T AN 4.9 %1260
DIz, Holhngsworth 56 ATEI2ZEMIZIT R -



Hollingsworth et al6 in a similar aged group about
The rates for single nodule
goiters were about the same (0.5%) in each study,
but nontoxic multinodular enlargements were not
found in our group. These two studies are not,
however, comparable with respect to findings of
thyroid nodules,

12 years before.

since the methods of examination
(particularly number and experience of examiners)
differed.

An increased prevalence of goiter among females
who were under 20 years of age when they received
high doses of atomic radiation was significant,
especially in those with larger goiters (classes 4
and 5). This was found for all goiters,
conclusion appreciably altered
enlargements are discounted. The number of cases
with nodules was too small for separate analysis.

and this

is not if nodular

The level of serum TSH was not correlated with the
prevalence of goiter, nor with the amount of radiation
received. A slight but significantly increased level
of TSH in females was found in our group and has
been previously reported by others.25 However, no
sex differences were noted in other studies using
method. 16,26 It
suggested that oral contraceptives are associated
with elevated TSH values. 11l Although women in the
present survey were largely in their childbearing
years (age 206-45), use of oral contraceptives is
still rare in Japan.

radioimmunoassay has been

In contrast to A-bomb survivors,?7 persons acciden-
tally exposed on the Marshall [slands following an
air detonation of a nuclear weapon were subjected to
fallout containing thyroid-seeking isotopes of iodine.
They were, therefore, exposed to doses to the
thyroid estimated to be upwards of 1200 rad in some
These radiation doses are higher than those

in Hiroshima and Nagasaki by A-bomb
“‘impact’’ was to the entire

cases.
received
survivors, in whom the
body. A similarity between the two populations
exists, however, in that presumably normal thyroid
tissue was irradiated, rather than the hyperplastic
type for which radioiodine is used therapeutically.
Medical surveillance of A-bomb survivors up to 1961
disclosed an increased prevalence of solitary
nodules and uninodular goiters among individuals
who were closest to the hypocenter.3:0 At that time,
the radiation dosage received by each subject had
not been estimated, and degree of exposure was
considered to be related
combined with a history of acute radiation symptoms.

inversely to distance

Despite our small number of individuals with

nodules, it can be seen from Table 2 that, among
females who were not exposed (NIC and 0 rad), only

one case with nodular goiter was found, while five

11
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were detected in exposed persons. Since these two
subgroups contain approximately equal numbers of
individuals, the prevalence ratio is about 5-fold
greater in the exposed females. Thus, our conclu-
sions for goiter in general may apply also to the
group with nodules, in agreement with prior findings
at ABCC- It is important to emphasize that goiter
in females continues to be significantly related to
radiation during younger years even more than 25
years after A-bomb exposure. A tendency toward
increased prevalence of goiter among persons
exposed when very young (<12 years) was noted
only in Hiroshima females. However, the possibility
¢hat individuals exposed during childhood may be
more uniformly susceptible to thyroid disease
receives support from a recent survey of the first
five cycles (1958-68) of the AHS, cohort of about
15,000 individuals from which the present survey
was made. Results of examinations revealed28 that
among females under 20 ATB in both cities the
prevalence of thyroid disease rose with radiation
dose. The thyroid in children is also sensitive to
carcinogenic effects of atomic radiation following
a long latent period.2?

The pathogenesis of endemic and sporadic goiter
was long thought to involve elevated levels of
serum TSH, but with the advent of a specific radio-
immunoassay for human TSH, it has been found that
the situation is more complex than had been
postulated.26:30‘32 Euthyroid goitrous patients
from nonendemic areas have usually been found to
have normal TSH levels and metabolism.33  This
had led to che hypothesis that although elevated
TSH levels may be necessary at some point for the
development of euthyroid goiter, normal or minimally
elevated TSH levels may be sufficient to maintain
an established goiter.31

In iodine-deficient endemic goiter areas, slight to
pronounced increases in serum TSH have been noted
in locales wich the highest prevalence of goiter, but
without correlation between TSH level and the
individual size or nodularity of the thyroid gland?z'M
except in few instances.33 In iodine-deficient
areas of endemic goiter, where subjects have
normal TSH levels, it has been postulated that the
iodine-deficient  thyroid —may be excessively
sensitive to TSH.34:36

In an endemic goiter area with abundant iodine, no
correlation was found between serum TSH level and
the prevalence of goiter,37 which suggested to the
investigators, among other possibilities,  the
presence of a naturally-occurring goitrogen in the
local water supply. In another area of normal iodine
intake, goiter was found to be more frequent among

users of water from coliform-infested wells, than
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among users of the purer public water supply, & and
reportedly elevated levels of serum immunoglobulin
M in goitrous patients also tend to support the
theory of an infectious etiology of goiter.3? [n view
of seafood and
possible goitrogenicity of other parts of the Japanese
diet was studied in rats but could not be confirmed.4?

the iodine intake from seaweed

Even the ingestion of large quantities of foods such
as soybeans4! would not be expected to cause

goiter in this Japanese population due to the
adequate iodine intake.
The lack of correlation between serum TSH and

radiation-induced goiter in the present study may be
explained in part by the levels of radiation received
by In a recent report, the 77
patients who developed increases in serum TSH

A-bomb survivors.

after radiotherapy for lymphomall received radiation
doses to the neck area of between 1550 and 4500 rad,
as compared with several hundred rad or less in the
cases of most atomic bomb survivors. [t seems
reasonable to conclude that A-bomb radiation, in the
doses received by survivors, thyroid
that was recoverable through compensatory
hypertrophy. Production of normal amounts of thyroid
feedback
reflected in our finding of generally normal TSH

levels more than 25 years later.

produced
injury

hormone and normal is

responsiveness
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A ) T LG TSH & Kbt 0 3% FE M R IR & O R 12
BR D 7 o 7 2 & O — 8k, BURMMRE 02 28R
OREOT,»SHMTEITHS . EDREIZEN
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CASES WITH GOITER (CLASS 3,4,5)
BRRIE S E T A0 (553, 4, 5)

Sex*

451

MF No.
WA il &

Serum TSH
1L ¥ TSH

Goiter Size
ORI D K & &

HIROSHIMA 5 &

1
1
1
1
1
2
2
2
2
2
2
2
2
2
)
2
2
2
2
2
2
2

4.3
5.2
2.9

o oW W

3.2
5.2
3.1
9.8
2.6

6.9
3.1
5.9

6.4
4.3
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APPENDIX A fiétA

MF No. Sex* Goiter Size Serum TSH
EREBWRES 1 B FRKNE O ok & & i i#§ TSH
2 3 2.1
2 3 3.0
2 5 5.0
2 4 7.0
2 3
2 3
2 3 6.5
2 5 27.5
2 5
2 3 4.4
2 3
2 3 5.0
2 3

NAGASAKI E£I5

3 3 1.6
3 4 2.7
4 3 2.9
4 3 3.0
4 5 2.9
4 3

4 4

4 3 2.0
4 3 L:£8)
4 3

4 3 4.6
4 b 63.1
4 3

4 3 2.2
4 3 6.1
4 4

4 3 2.4
4 4 3.2
4 3

4 3

4 4 3.0
4 3 9.2
4 -4 2.7
4 3

4 4 4.6
4 4 5.5
4 3 2.8
4 3

4 4

4 4 4.4
4 4 3.3
4 4 3.1
4 4 4.1
4 4 3.1
4 3 3.9
4 4 157
4 a

4 3 5.7
4 3

*1 Hiroshima male 2 Hiroshima female 3 Nagasaki male 4 Nagasaki female
I Bk INCR g e 1% ¥ iy 42 1
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APPENDIX B CASES WITH TSH 2 10yg/ml
ff42B TSH Z10ug /ml O

MF No. T65D Thyroid Size*
HF BT E (rad) BIROA S &

8 o
410 2
208
25
36
NIC
UNK
71
NIC

LI A I

NIC
10
843
55
UNK
NIC
286
193
128
NIC
91
NIC
92
NIC
NIC

L N U CR S TS RN CTE (SN

DO e e O s et

* See Methods 7 iEo %M
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