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ABCC- NIH ADULT HEALTH STUDY HIROSHIMA 1958-59
THYROID DISEASE

ABCC—-NIHBARKSRE B 1958-59
FIRRER

INTRODUCTION

This study was undertaken primarily to
determine the relationship between thyroid
disease and single, whole-body exposure to
ionizing radlation. Clinical investiga-
tions were conducted within the matched
sample of exposed and nonexposed subjects
partiecipating in the joint Japanese
National Institute of Health and Atomic
Bomb Casualty Commission (ABCC) Adult
Health Study in Hiroshima. Study of this
population also offered opportunity to
obtain valuable epidemiologic data’on
specific thyroid abnormalities in the adult
population of Hiroshima Prefecture where
there are no previous reports on, for
example, prevalence of simple goiter in
adul ts, although goiter has been the
subject of epidemiologic surveys in other
coastal and mountainous regions of Japan.

A growing medical literature emphasizes
the influence of irradiation upon sub-
sequent development of carcinoma of
the thyroid. The studies of Duffy and
Fitzgerald, Simpson and Hempelmann, Clark,
Rooney, and others suggest that the
irradiation of young children for thymic
enlargement and benign lesions of the head
and neck may inerease the risk of thyroid
carcinoma. 1"% Since no data previously had
been published for an irradiated adult
population, the Hiroshima sample provided
a suitable opportunity for an epidemiologic
study of carcinoma of the thyroild. It
is noteworthy that in Japan where the
frequency of carcinoma of the thyroild is
comparable to that of the Unlted States,
papillary carcinoma is the most frequently
diagnosed malignant thyroid lesion.
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Because it is often triggered by stress,
hyperthyroidism also was of interest. It
appeared desirable to determine whether
this disease was diagnosed more frequently
among the exposed and if so, whe ther any
evidence of a radiation effect could be
distinguished from the effects of stress
following the widespread destruction.

In connection with these studies,
observations were made concerning other
factors affecting thyroid function,
ineluding such diverse items as dietary
iodine, goitrogens, genetic effects, and
thyroiditis. In addition, a brief review
of 1iterature pertinent to the subject
is presented.

METHODS AND SAMPLE SELECTION

The medical program at ABCC includes
repeated examinations on the basis of _a
two year schedule for a representative
group of survivors of the atomic bomb
and a suitable comparison group. This
Adult Health Study is a unique, large
scale epidemiologic investigation of
approximately 13,000 volunteer subjects
grouped as follows:

GROUP 1 PROXIMAL Exposed within 2000
meters of the hypocenter and experienced
acute radiation symptoms (epilation,
bleeding, or oropharyngeal lesions)

GROUP 2 PROXIMAL Exposed wlthin 2000
meters of the hypocenter but did not
experience acute radiation symptoms

GROUP 3 DISTAL Exposed at 3000 to 3499
meters from the hypocenter

GROUP 4 NONEXPOSED Located beyond 10,000
meters from the hypocenter or not in the
city at the time of the bombing

Groups 2, 3, and 4 are age and sex
matched to Group 1. Details of this
Adult Health Study sample, as well as
descriptions of the clinical procedures,
have been presented in previous ABCC
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bilingual technical reports. 6 1n
addition to these subjects partieipating in
the Adul t Health Study, other patients may
be seen in the ABCC clinie on referral by
physicians in Hiroshima City. Referral
patients, in contrast to the usually
asymptomatic Adult Health Study subjects,
present specific medical problems. The
referral patients with thyroid abnor-
malities were studied and are referred to
in general discussion of thyroid problems,
but such patients are excluded from
epldemiologiec analyses in this report.
Thus,
thyroid abnormalities seen in 5553 Adult
Health Study subjects examined in the ABCC
Hiroshima e¢linic during the sixteen month
period, July 1, 1958 to November 2, 1959.

this study primarily concerned all

Table 1 shows these subjects by sex and
exposure group.
exposed groups 1 and 2 include individuals
who could have received air doses ranging
they
regardless of symptonis,

Because the proximal

from less than 10 to over B00 rads,
were reclassified,
into those exposed at less than 1400 meters
and those exposed between 1400 and 1999
meters from the hypocenter. Despite
some overlap, this division serves to
distinguish the group which received air
doses of 80 or more rads for comparison
with those who received doses less than
80 rads.? Subjects are shown according to
these categories in Table 2.

TABLE 1
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ji]. IJJS_FQQ‘EJ—L-\.x.JﬁkAﬁgE}%FFIﬁ[—i} 4

W, s &

AT 5y 3 A AR
EXPOSURE GROUP MALE FEMALE TOTAL
8 Sk 5 i af
PROXIMAL WITH SYMPTOMS
VAR L AR 480 849 1328
2 PROXIMAL WITHOUT SYMPTOMS 464 g1g il
SERE S LA o LR R 403
DISTAL
3 ﬁﬂﬂ%ﬁii&'ﬁ 491 924 1415
NONEXPOSED
b 527 779 1408
IR
COMBINED &t 2082 | 347 5553




TABLE 2 SUBJECTS EXAMINED ADULT HEALTH STUDY HIROSHIMA 1958-59
BY SEX AND DISTANCE FROM HYPOCENTER

#2 198—FELEBRABEIEEIFTI3EREHOENS L UR
LA 6 RN 7 R
DISTANCE IN METERS MALE FEMALE TOTAL
BERE (m) 5 % Eig
<1400 494 831 1325
1400-1399 470 337 1407
3000-3499 431 924 1415
NONEXPOSED JE#ESH 627 718 1408
COMBINED &t 2082 un 5553

If the routine examination disclosed
possible thyroid abnormality, the Adult
Health Study subject was requested to
return to the elinie for further study.
However, certain features of the ABCC
medical elinic are unique. The continuing
medical followup of the atomic bomb
survivors depends upon the patient's
voluntary cooperation and good will.
Clinic procedures must be made as pleasant
as possible for the subjects, and undue
pressure cannot be exerted to obtain
diagnostic studies or surgical material.
For this reason, in some instances complete
or serial diagnostiec studies could not be
performed. Within this framework, an
attempt was made to obtain for each patient
as much data as possible.

At the return visit detailed infor-
mation was obtained including life-time
residence history, family history (with
information on consanguinity), detailed
history of the thyroid abnormality, and a
brief dietary history. Patients seen in
the first twelve months of the study were
requested to record in detail diets for a
two-week period; these were reviewed for
approximate iodine content using the esti-
mates of the Japanese National Institute of
Nutrition Research.B:? The diets were also
examined to determine whether patients
might be eating excessive amounts of
foods such as cabbage and other members
of the Brassica family, known to contain
goitrogens.
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Many subjects were thin by Western
s tandards and thyroid glands often were
visible. Frequently on routine physical
examination the thyroid isthmus and
lateral lobes were readily palpable, and
all thyroid glands had to be carefully
evaluated before a diagnosis of goiter was
made. Hence, all patients were examined
by two physicians (D.R.H and H.T.) and each
thyroid gland measured and described in
detail. If thyroid enlargement was
considered borderline or absent by one
examiner, a third opinion was obtained.
Goiter was not diagnosed if two of the
three examining physicians failed to find
definite enlargement.

The following criteria were used in the
diagnosis of simple goiter:

NO GOITER: Thyroid isthmus and lateral
lobes of the thyroid gland just palpable.

GOITER PRESENT: Thyroid gland measuring
at least 7.5 ecm in the horizontal
diameter;* easily palpable, and rising on
swallowing; or horizontal diameter of the
entire gland less than 7.5 em but with
definite unilateral enlargement of the
thyroid gland and readily palpable,
usually visible, goiter.

Additional laboratory studies were
completed for all patients who would
permit them. These included a basal
metabolism rate (BMR), protein-bound
iodine (PBI), iodine uptake (1131y,
cholesterol, and total protein and albumin/
globulin ratio. Protein-bound ilodine was
determined by the 406th Medical General
Laboratory, Camp Zama, Japan, using a
modification of Barker's method.ll The 1131
thyroid uptake studies were performed by
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*In Japan, Dieterle's classification of thyroid hypertrophy on a scale of 0-5 has been used, ?
but many consider it rather inexact and have used various modifications in surveys elsewhere.
In the present study it was felt that actual measurements were preferable to the rather obscure
criteria of other epidemiologic surveys. According to experience in this study all observers
agreed that a gland measuring 7.5 cm or more in the horizontal diameter was enlarged in a
Japanese subject. Lesser diameters tended to be borderline and observers’ opinions varied as to

whether or not the gland was definitely enlarged.
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the ABCC isotope laboratory.
was given oral tracer dose of 30 uc of
as Nall31 prepared in the standard manner.
Counts were determined at 2, 4, 6, and 24
hours using a National Radiac seintillation
Counter Model SA-2D.
symp toms were present, a barium swallow was
advised. Minor surgical procedures, such
as biopsies, were performed in the clinie
by the ABCC surgical consultant, Dr. Tomin
Harada, while more extensive operative

Each patient
131

When compression

procedures were carried out in hospitals in
the community. All biopsies and surgical
sections were interpreted in the ABCC
Department of Pathology.*

RESULTS

THYROID DIAGNOSES IN THE ADULT HEALTH
STUDY During the 16-month period of
study 5553 Adult Health Study subjects
were examined. Of this number, 168 were
found to have thyroid abnormalities. These
thyroid abnormalities were dlagnosed with
approximately the same frequency in each
three month period and statistically there
was no difference in the case finding
between periods within the study.

Table 3 depicts the thyroid diagnoses in
the Adult Health Study sample from July 1,
1958 to November 2, 1959 by age, sex, and
diagnostic category. The sex difference
is guite striking, 152 of the subjects with
thyroid disease were females, 4.38 per cent
of the total female sample. Only 16 males,
or 0.77 per cent of the male sample, were
found to have thyroid disease.
thyroid diseases occurred most frequently
between the third and fifth decades.

In females,

Of the various thyroid disorders seen,
simple nontoxic goiters, 79 in number, or
about 1.4 per cent of the total sample,
oceurred with the greatest frequency.
Nodular goiters were the next most fre-
quent, with 54 patients, or 1 per cent of
the total, for whom a diagnosis of single
or multiple thyroid nodules was made.
(Table 3, columns 4 and 5, combined)
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TABLE 3 THYROID DIAGNOSES ADULT HEALTH STUDY HIROSHIMA 1958-53 BY SEX AND
AGE AT EXAMINATION
F#3 1958 —SOFIEEMRARERE ST 2RRIBZM O 2EGERHN S L UMEN S A5
S— AGE AT EXAMINATION %04 T0TAL
BB 10-18 20-290 | 30-39 | 40-49 50- 59 60-69 70-789 80-88 it
MBIFLIMBIFL MB [ FR MB|IFMB|Fx MBIFEMB|F(MB|F|MB |F & |TH

SUBJECTS ME® |179|209(332|455({322|792|355|717 (445|710 (338|420|104[135| 7| 24{2082|3471 (5553
i;:‘é;;%&g;“ 3| 8| a3l 1e 23 18 5 1| 4 70 72| 78
NODULAR G0ITER
SINGLE Hi—1% ? 5 8 9 k| 1 1 29 29
5 1 R AN B
NONTOXIC GOITER
MUL TINODUL ARS 1 4 4 9 & 1 25| 25"
FEEHE IR R E AR BRI
HYPERTHYROIDISM |
R B e O 1 3 1 5| 2 3 1 3 i3 16
CARCINOMA OF
THYROID 1 1 3 3 2 1 1 4 8 12
R
UNSPECIFIED
THYROID TUMOR ! 1 1 0 1
3T A5 TR o B R A
HYPOTHYROLD|SM s 1 .
R AR MR e iR
;;;z;;g'T’S 10 1] 3 1 4 5

ToTAL gt 3l 7 4] 23 1] as| - T| 45/ 4| 28 2 9 1 1 0 1 16| 152 | 168

During the study 53 patients with thyroid
disease were ohserved in the referral
group, making a total of 221 thyroid
diagnoses. Table 4 shows the total number
of patients with thyroid disease who were
seen at ABCC during the study, excluding
six patients from the Adult Health Study
seen in consultation outside the regularly
scheduled examination cycle, who are not

included in the statistical analyses.

SIMPLE GOITER During the 16-month period
of the study, 79 patients with simple
nontoxic goiter were seen 1n the Adult
Heal th Study, In
addition, 19 diagnoses of simple goiter
were made among patients referred by
family physicians to the ABCC clinic for
making a total

7 males and 72 females.

various medical complaints,
of 98 cases of simple goiter.
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TABLE 4 THYROID DIAGNOSES ADULT HEALTH STUDY AND REFERRED PATIENTS HIROSHIMA 1958-59
BY RESIDENCE AND FAMILY HISTORY
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B & FEEEN A6
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1% S &= =
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;g Het (Endbh)
S 45 PARENTS 1ST COUSINS
gﬁ vk ZEkols . t ! ; ! : e
|
= = PARENTS 2ND COUSINS 3 . 4
8 sruviZEtolf
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AAOME S
w  SEACOAST ONLY BB O §6° 16 18 17 i 4 5 128
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-é:g WE1—5 8 5 1 3 1 1 20
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fincluding one borderline lesion and one unspecified tumor.
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In the Adult Health Study group, 36
patients were aware of golter because
thyroid enlargement had been noted by
themselves, by their families, or by
physicians on previous physical exami-
nations, but in 43 cases, the diagnosis
was made for the first time at the ABCC
clinie. Similarly, in the referral group,
6 patients were unaware of goiter until
diagnosis was made on physical examination.

A detailed account of all places of
residence from birth to the time of the
present examination was recorded for 71
Adult Health Study patients who had
voluntarily returned for the additional
thyroid history. Hiroshima is on the
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seacoast, but disruption of World War II
and other personal factors were responsible
for changes of residence. Of the patients
interviewed 53 had spent the largest
portion of their lives adjacent to the
Inland Sea where diets had been rich in
seafood and seaweed. Another 8 patients
had gone to a rural area for one to five
years during World War II and reported
primarily vegetarian diets during that
period. Because of poor transportation and
lack of refrigeration the dlets of 10
patients who had lived a distance from the
sea for longer than five years also tended
to be almost exclusively vegetarian.
Further, because of poverty, rationing
and chaos which made privation the rule
during the war and postwar period, persons
who remained in Hiroshima during that time
were unable to obtain seafood and subsisted
on vegetable diets for several years.
However, whether there was a lack of iodine
is a matter for conjecture, since no
data are available regarding the iodine
content of the vegetables in these widely
scattered areas.

On the subsequent visit, of the 98
patients with simple goiter, 90 were
interviewed in considerable detail, and 16
reported that other members of the family
had thyroid disease; examination of the
other family members was not possible,
however. It is of further interest that in
this group, 15 were children of consan-
guineous marriages of some degree. Among
the parents of these patients there were
six first cousin and three second cousin
marriages and among the grandparents, six
consanguineous matings, giving frequencies
of 6 per cent, 3 per cent, and 6 per cent
respectively, totaling 15 per cent. The
information for one is uncertain (Table 4).
It was not possible within the scope of
this study to examine the family records
for consanguinity data.

The familial and ccensanguinity data
obtained from the subjects of the present
thyroid study are relatively noncontrib-
utory in eluecidating genetic factors. Lack
of goiter history for other famlly members
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becomes somewhat unimportant when so many
patients are unaware of having goiter.
This situation underscores the necessity
for direct examination of other kindred
members before it is possible to draw any
conelusions concerning familial suscepti-
bility to thyroid disease. Although the
frequency of consanguinity among parents of
the goiter patients in this study appears
to be high, it 1s comparable to values
reported for this part of Japan, where the
rate is relatively high, especially in the
older segment of the population, ranging
from 5 - 15 per cent. 12 1t may be that the
consanguinity frequency shown in this study
is somewhat low, since there is now an
increasing reluctance to answer questions
on this subject. 1In any case, conclusions
concerning the relationship of consan-
guinity to goiter would have to be based on
more detailed examination of family records
for both the goitrous and nongoitrous
population.

A1l 79 Adult Health Study subjects with
goliter were enthyroid and the laboratory
data were compatible with the diagnosis of
simple goiter in most instances. Of the
42 who returned for 1131 studies, 22 had a
24 hour uptake of less than 10 per cent,
7 an uptake of 10 to 19 per cent, and 5
an uptake over 30 per cent. Figure 1
illustrates the 24-hour 131 up take
values, PBI and BMR determinations for
156 Adult Health Study subjects with
thyroid abnormali ties.

Cholesterol determinations for 33 female
Adult Health Study subjects with simple
nontoxie goiter showed a mean value of
152.7 milligrams per cent; the mean for
1573 females without thyroid disease was
154.5 milligrams per cent.

Table 5 shows the prevalence of nontoxic
goiter by exposure group. No significant
differences are noted in comparison
of prevalence rates for the heavily
irradiated, the distal, and nonexposed
groups (P>.20). Table 6 shows females of
Groups 1 and 2 reclassified by distance
from the hypocenter and the distribution
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TABLE 5 PREVALENCE OF SIMPLE GOITER ADULT HEALTH STUDY HIROSHIMA 1958-59
BY SEX AND EXPOSURE GROUP

£5  1958— 594 1K B A REEBIT I 5 13 5 M AL FROR NRIE 0 B & X OV 53 RBH R R
SUBJECTS SIMPLE GO TER HE fliff .44 i i
EXPOSURE GROUP BEH NUMBER %
BB GT EEE MALE FEMALE MALE FEMALE MALE FEMALE
5 i 3 ks 5 &
1 e 849 , 21 - 2.47
2 919 23 2. 50
d 1118 L EEAT 4 hd 0.238 _tedd
4 779 15 1.83
TOTAL 3 2082 3471 7 72 0. 34 2.07
is no different than that based on chance A5 EIFE R LV (P>.20). BIF o4t
expectation (P>.20). The data for the B _— . " i
males are too few for distribution in FAREMEHE DL LVOT, TOMIZOA

this fashion.

During the first twelve months of this
s tudy,
remarkably cooperative in meticulously

patients with simple goiter were

recording their diets for a two-week
A striking similarity in the
dietary habits of all the patients Was
immediately apparent.

period.

All ate seaweed and
some form of seafood (fish, shrimp, oyster)
almost every day regardless of economie
s tatus. Rice is, the staple
item of the Japanese diet, and vegetables
such as white potatoes, sweet potatoes,
lotus root, egg plant, and carrots as well
as certain members of the Brassica family
rape oil
and Chinese cabbage are
In addition, soybean
Food fads
and special diets are in general uncommon.
The iodine content of all Japanese foods

of course,

including turnips, cabbage,
(for cooking),
eaten when in season.

products are used liberally.

and the soil from each prefecture is shown
in Appendix I of this report-a’9
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TABLE 6 PREVALENCE OF SIMPLE GOITER ADULT HEALTH STUDY HIROSHIMA 1858-59
BY SEX AND DISTANCE FROM HYPODCENTER
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Total iodine was determined in 24-hour
urine samples for 19 patients with simple
goiter.* There was considerable indi-
vidual variation ranging from 46 to 1738 ug
per 24 hours, and the average for the
group was 380 pg.

In attempt to ascertain the importance,
if any, of goitrogens as a factor in
goiter production, a screening test for
goitrlnla was applied to urinary samples
from 123 subjects with a variety of thyroid
disorders and in only one instance was
found to be weakly posit'lve.l4 The
screening procedure likewise was applied
to the various items of Japanese diet
mentioned above, but failed to identify
goitrin in extracts of any of the loeally
grown vegetables, fresh or cooked. The
test was also negative for various soybean
products.

NONTOXIC MULTINODULAR GOITER Detailed
thyroid histories were obtained from-dll
but 3 of the 25 females with nontoxie
mul tinodular goiter who were classified
separately although they did not differ
clinically from the Adult Health Study
subjects with simple goiter. Age at onset
or at first diagnosis tended to be slightly
greater for patients with mul tinodular
goiter than for those with simple goiter,
50 per cent of the former cases falling
between the ages of thirty and fifty. The
results of 1131 uptake, PBI and BMR
determinations are depicted in Figure 1.
Twelve of the patients had always lived
along the seacoast, but 5 had gone inland
during World War II, and 6 others had spent
many years on largely vegetarian diets
in inland communi ties.

Familial incidence of goiter was again
apparent with 6 of the 23 patients inter-
viewed reporting that other members of the
family were goitrous. Three patients had
consanguineous grandparents; 1 patient's
parents as well as grandparents were
cousins, and the parents of 1 patient were
half cousins.

s —
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* The 24 hour urinary iodine determinations were performed through the courtesy of pr. L. Van
Middleswor th, Department of Physiology, University of Tennessee Medical School, Memphis, Tennessee.
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FIBURE 1 LABORATORY DATA, THYROID DIAGNOSES ADULT HEALTH STUDY HIROSHIMA 1858-59
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HYPERTHYROIDISM Hyperthyroidism was
seen in 16 patients during the 16 months B PR e TOE 164 AIZEH 2 = 0 PikigH

of the thyreoid study. The elinical
characteristies of the disease were
usually the same as those deseribed in the
American and European 1literature. In Japan
hyperthyroidism has long been recognized
as a common disorder and some writers have
stated that it is at least as common as in
The general publie is
well acquainted with the signs and symptoms
of hyperthyroidism,
survey of Japanese thyroid eclinies hyper-
thyroidism was reported to represent 42 per

Western countries.

and in a combined
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cent of all cases of thyroid disease.1?
That the percentage is roughly four
times that seen in the ABCC study is not
surprising, since, in general, the subjects
participating in the voluntary Adult Health
S tudy examination are in good health,
whereas the survey mentioned concerned
patients seen in hospitals and clinies,
referred there because of illness. The
present study as well as others, shows a
sex ratio of four (or more)
with hyperthyroidism to every male with
the disease.

females

In the ABCC study a number of hyper-
thyroid patients with typical symptoms
for periods as long as 15 years before
diagnosis had received no treatment. 1In
several patients the eclinical course had
been one of spontaneous remissions and
exacerbations without benefit of treatment,
and this sometimes resulted in an inter-
esting clinical syndrome in which the
patient had a stable weight and denied. or
was unaware of all symptoms. Occasionally
the pulse was normal as well, but the
presence of exophthalmos, tremor, excessive
sweating, large goiters with a thrill and
bruit, and typical laboratory findings
left no doubt of the diagnosis of hyper-
thyroidism. These patients seemed to have
achieved a remarkable adjustment to
their disease, and in several instances
ques tioning failed to elicit a single
complaint from the patient.

One patient in the group was toxic at
the time of the A-bomb detonation and
experienced a panic reaction that may well
have been a thyroid storm. She developed
radiation symptoms of epilation, purpura,
and diarrhea, and then remained thyrotoxic
until treatment finally was started
in 1959.

Sex distribution of the group was
predominantly female with 13 females and
3 males. The age of onset of the disease
was between thirty and forth-nine years in
12 of the patients,
with the disease beginning after the
seventh decade. \

and none was seen
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At the time of the study 10 of the
patients had previous diagnoses of hyper-
thyroidism and had received treatment with
x-ray, surgery, antithyroid drugs or 1131,
In only 7 patients was the diagnosis of
toxic goiter made for the first time at
ABCC. In Figure 1 a ecilrele is drawn around
the laboratory data of the patients with
Most of the
members of this group were euthyroid at the
time of their ABCC clinical evaluation.

treated hyperthyroidism.

Three patients gave positive family
but it
was not possible to examine the other

histories of thyroid disease,
family members.

The Adult Health Study subjects with
hyperthyroidism fall into two groups: those
who had hyperthyroidism before the A-bomb,
and those who developed the disease
sometime between 1945 - 1959.
of cases is small in both groups,

The number
as is
seen in Table 7 depicting the exposure data
for both sexes and all ages combined. ;"

TABLE 7
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SUBJECTS WITH HYPERTHYROIDISM ADULT HEALTH STUDY HIROSHIMA 1958-58

BY TIME OF ONSET AND EXPOSURE GROUP
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OMNSET EXPOSURE GROUP  HiMk4 MEE
& 97 1GF A 1 2 3 4
BEFORE BOMBING [HARLLAT 4 1
AFTER BOMBING  [RHELL% 8 3 2
COMBINED #Et 10 3 3

The combined figures are significantly
heterogeneous (.02<P<.05) by exposure
group, but the differences bhetween groups
for those who developed hyperthyroidism
after the bomb are not (.20<P<. 30).

The
groups 1 and 2 reclassified into those less
than 1400 meters and those 1400 to 1999
meters from the hypocenter.

next tabulation shows exposure
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The difference between the distance
categories was significant only for those
with onset after the bombing (.02<P<.05).

The finding of a significantly greater
number of individuals developing hyper-
thyroidism after the bombing among those
nearest the hypocenter seems to suggest
a relationship between the onset of
hyperthyroidism and exposure to higher
doses of radiation. Considering the lack
of knowledge concerning the fundamental
processes involved in hyperthyroidism,
it is difficult indeed to envisage a
mechanism by which radiation per se can be
implicated etiologically in this disease,
particularly when ionizing radiation is a
well known therapeutic agent in the
treatment of the very disease it appears
to have initiated in the present series.

The psychodynamic aspects of hyper-
thyroidism have been described in detail
by other writers who have pointed out a
variety of acute traumatic experiences and
emotional upsets that have initiated
episodes of the disorder. 16720 15 the
current study attempts to evaluate stress
and emotional factors met insurmountable
obstacles. It was difficult to establish
adequately deep rapport with patients
through an interpreter. Furthermore,
the gulf between Oriental and Western
cul tures is too broad to be bridged easily
or quickly by Japanese and American
internists. There is no doubt as to the
depth and extent of personal stress and
trauma in Hiroshima City after the bombing.
Ex treme personal tragedy and poverty were
the common denominators. The fact that
some developed thyrotoxicosis is not
surprising, but it was not peossible to
trace the psychodynamics of the disease in
individual patients or to explain why
others in identical circumstances did
not develop the disease.

In Nagasaki, Shirabe et a12l have
reported a lower incidence of Basedow's
disease among patients who had been
exposed to the bomb, but state that the
problem requires further study in view of
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the small number of cases available. The
results from the present study likewise
should be cautiously evaluated. Al though
there appears to be a difference in the
prevalence of hyperthyroidism dependent
on the distance classification, this
difference may or may not be related to
the bomb, and may or may not be ascribed
to exposure to radiation. However, until
a great deal more is known about the basie
causes of hyperthyroidism, including the
psychodynamic aspects and until more
has been learned of the influences of
socioeconomic background on diseases in
general and more specifically as related
to the problems of radiation induced
disease, a firm conclusion on the puzzling
relationship described above must be
deferred. Though the present data might
appear to indicate a radiation effect in
the initiation of hyperthyroidism, it is
obvious that a great deal of further
s tudy is required.

HYPOTHYROIDISM AND THYROIDITIS During
this study only 1 Adult Health Study
subject with idiopathie hypothyroidism was
This was a forty-seven year old
woman who had not been exposed to the bomb
and who presented the characteristice
clinical picture and laboratory findings
of myxedema. There was no obvious reason
for thyroid hormone insufficiency.

s5een.

Four other patients were referred to the
ABCC clinie for study and treatment;
2 women, aged twenty-eight and forty-two,
had typical idiopathic myxedema. The third
female, aged forty-seven, who had a large
golter and hypothyroidism, came from a
family with several other goitrous members.
The last patient was a seven year old
male goitrous cretin whose parents were
first cousins.

For 5 patients in the Adult Health Study
and 4 in the referred group a diagnosis of
chronic thyroiditis was made on the basis
of microscopic examination of biopsy
specimens; 3 of the 5 patients in the
Adult Health Study were in the city at the
time of the bomb, but this number is too
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small for analysis in connection with
radiation exposure.

The low frequency of hypothyroidism in
the Adult Health Study group corresponds
to reports by Means®2 for several series
in the United States ranging from 0.01 to
0.08 per cent. Similarly, in Japan,
Torigai in two years' experience found
6 cases of spontaneous myxedema among 7906
patients with various thyroid diseases, a
prevalence of 0.08 per cent.23:24 1 the
current study the finding of an apparent
familial inecidence of goiter in 1 referral
patient; and of consanguinity of the
parents in another, suggests that these
two may fit into one of the categories of
congenital hypothyroidism described by
Neel et 2125 put specific studies on
the possible existence of a metabolic
defect as described by those authors
were not possible.

Hashimoto?® first described the elinical
picture of chroniec lymphadenoid thyroiditis
in Japan in 1912 and this disease is now
well recognized by thyroidologists in this
country. Reports on the general incidence
of thyroiditis in Japan have not come to
the authors' attention. Shichijo and
Saito2? reported findings from 30 patients
agreeing with others®8:29 that the true
incidence of thyroiditis is probably
greater than heretofore suspected and
accurate diagnosis can be made only by
surgical biopsy. Recent work indicating
an immunological process involved in
thyroid1t1530'32 and sometimes in spon-
taneous myxedema33'35 suggests some
sort of etiological relation between
the two diseases, 34736  phe present
s tudy probably does not reflect the
true frequency of thyroiditis in the
group, since only a limited number of
biopsies were obtained and immunological
me thods were not available. However, a
serological survey now underway,37 when
completed, may clarify some of these
relationships as well as yield information
on any possible connection between the
occurrence of thyroiditis and exposure
to radiation.
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SINGLE THYROID NODULES On routine
physical examination 39 Adult Heal th Study
subjects were found to have single thyroid
All were females. In 24 of the
patients no generalized thyroid enlarge-
but in 15 cases the
single nodule was palpated on the surface
of a well-defined goiter; 19 consented to
undergo thyroid biopsy. The histologic
diagnoses were as follows:

nodules.

ment was present,

DIFFUSE COLLOID GO|TER
THYROID ADENOMA
PAPILLARY ADENOCARCINOMA
FOLLICULAR ADENOCARCINOMA
HASHIMOTO'S THYRODIDITIS

BORDERLINE LES|ON HARFLEHARE R R £ 4

IEIIEROBE

H-RKBER 2 A¥e5HET%0RAR
FHRESRICE-FIRIRGH A RO oA, Zh
EIRTEEETH 2. BREDOH2UELIZIZ 2R
BRIRIER (% A 5 7= 4%, 156121%, RO -
E0 LABIRIRIED Rl 128 — i h s,
197 FRIGHIEHREZ Z T3 2 e FRE L
HERFZAIRITIZ R OE ) TH - /.

B o FERRIRRE 1
AR 5 R B

i IR
A% AR IR FLAR DR 52
THYROID ADENOMA WITH FOCAL PAPILLARY CHANGE.

8
FLERAR A% 5
3

1

L5 FRAR R N 1

On the basis of the histological findings
the patients in the latter four categories
of the above listing were reclassified in
the appropriate diagnostic categories.

It is difficult to evaluate the extent to
which the surgical material may be biased
by the examiners' unconscious attempt to
obtain biopsies of the most suspicious
lesions al though the advisability of biopsy
was discussed with all the patients by the
same two physicians (D.R.H and H.T.), and
the exposure status of the patients was
unknown at the time of the examination. If
a patient refused surgical consultation,
he was not further urged even when carci-
One might
expect exposed patients to be more anxious

noma was strongly suspected.
and thus more interested in diagnostie
s tudies than nonexposed subjeets;
other hand,
more reluctant and fearful of surgical
It is of interest, therefore,
that about 50 per cent of the patients
refused biopsy regardless of exposure
Al though the sample is small,

on the
exposed subjects might be

procedures.

group. there
is no reason to assume the exposed subjects

show a greater willingness for biopsy.
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EXPOSURE GROUP iR iaEE

SUBJECTS WITH NODULAR EOITER

ERETFENEAG T IEER

For the 39 patients with nodular goiter,
the distribution among the four exposure
groups which is shown in the accompanying
tabulation, is consistent with chance
expectation (.20<P<.30) based on the
total number of female subjects examined.

Table B classifies the patients with
single thyroid nodule by distance from
the hypocenter.

TOTAL
1 2 3 - at
15 9 7 B as

ENMERKBEEZ A T3392 08 F 4+ HEX
GBI NIEIROENIZLES. 45D0HES
H¥oss0miE, KEEREBHIZES(E
ROMFM(.20<P<.30) 12—+ 5.

XS IIH-HIRIREHAA T8 E 2B L1
HEOHMENICHELEZLDOTS S,

TABLE 8 PREVALENCE OF SINGLE THYROID NODULE IN FEMALES ADULT HEALTH STUDY HIROSHIMA 1958-59
BY DISTANCE FROM HYPOCENTER

%8 1958 —SOFIEMBARENE S 2 L0 MAMPRIGETEOBR LA 5 0 HERERN 4w
DISTANCE IN METERS
CATEGORY iRE (m) KONEXPOSED TOTAL
5t 4l <1400 | 1400-1998|3000-3¢08| FEEBH L3
SUBJECTS BEX 831 837 924 778 3471
NUMBER WITH SINGLE NODULE
EHERBERLEHL LD L2 5 2 % 39
% 2.3 0.5 0.8 1.0 1k

These data show single thyroid nodule
occurs more frequently in the most heavily
exposed group (.001<P<.01), suggesting
a relationship to the bomb and to radi-
a tion exposure. Further, in view of the
significant difference hetween those
exposed within 1400 meters and those
exposed at 1400 to 1999 meters, it might
seem desirable to discuss dose-response
relationships as well as radiation effects
in nodular goiter, but for the present the
data obviously are too scanty for such
speculation.
by these findings clearly indicate the
need for long term investigations.

However, the problems posed

There has long been a controversy
regarding the risk of carcinoma in single
nodules and whether or not such lesions
are precancerous. In the present series,
of 19 patients permitting biopsies, in
whom an initial elinical diagnosis of
nodule was made, 8 were shown to have some
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form of thyroid ecarecinoma. How many more
would have had carcinoma is a matter for
but one is left
with the suspicion that among the group
with nodules there may be a subsfantial

number with malignant lesions.

conjecture at this point,

In the well-defined medical sample for
the Hiroshima Adult Health Study there
is an unusual opportunity for study of the
It
might also be possible to determine
whether radiation during childhood or in
the adult years has any significant effect

natural history of thyroid nodules.

on the number of nodules found and on the
incidence of carcinoma in the group.

THYROID CARCINOMA In the
Adul t Health Study group 12 patients with
carcinoma of the thyroid were seen.

Hiroshima

Table 9 1ists the pertinent data concerning
these individuals. Two additional Adult
Health Study subjects may have thyroid
carcinoma but are omitted from Table 9
One
exposed
had a
tumor removed but no histological diagnosis
and a forty-eight year old
1100 meters from the hypocenter,
had a bhorderline thyroid nodule removed
described as ' thyroid adenoma with focal
papillary change'
nation. Three referral patients (not
Adult Health Study) with thyroid carcinoma
are known to have been exposed at distances
of 900, 1500, and 1900 meters from the
hypocenter. These cases cannot be used in
the statistical analysis of the fixed
medical but are mentioned as
patients with carcinoma of the thyroid who

because of insufficient information.
fifty-eight year old male subject,
at 1500 meters from the hypocenter,

was made;

female,

on histological exami-

sample,
were exposed to ionizing radiation.

In the present series,
the thyroid
lesion') constitute about 7 per cent of the
total number of individuals considered
to have some kind of thyroid

malignancies of

(excluding 1 'borderline

disease,
prevalence that is somewhat in excess of
that reported by Katsura et a1l® on the
basis of his guestionnaire to 104 Japanese

hospitals, where the overall average was
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4.7 per cent. A more recent report of his

HBRICET 24 5 86 LGk, HikmE
Brfrat~xtobsothe, EXEESoERE
IT1L.3% TH L LWV T W5, %8

own experience gives prevalence of 11.3
per cent malignancies out of all patients
with thyroid disease. 38

TABLE 8 SUBJECTS WITH .THYROID CARCINOMA ADULT HEALTH STUDY HIROSHIMA 1958-58 BY SEX, AGE,
PATHOLOGICAL DIAGNOSIS, AND DISTANCE FROM HYPOCENTER
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The sex ratio for thyroid carcinoma in BARBEREICE T S FRIBEICH T 2%k
the Adult Health Study is 1 male to 2 )

females; the overall for Japan is 1:4. The BE1ILR2THIYF, HFRSETIEL: 4TH 2.
age of occurrence in the group reported CZit RIS FIRIBEEEERIED
here appears to contrast with that reported BELTVALDE—KLTVAVESIZEZ 3.
by Katsura who finds that the average age

at diagnosis in his series is somewhat over % b b O T 13 FIRIRE 2 BTRE -1 4 13
fifty; in the current study the 8 females BFabLlBizTwad, A#FETIX, 84X
with carcinoma were under fifty years of . S LT L : |
age, and 2 of the 4 males were in the Iiﬁﬁd}g@soq}u Feh g, 4%0)%1";’:&%‘%@
twenty to thirty-nine year age groupings. H12 %E20-39F O FERBE ThH - 2. FIRDIE %

The exposure status of Adult Health HTARABEAENBEOFBIREIZROEY T
S tudy subjects with thyroid carcinoma 53
is as follows: -

EXPOSURE GROUP 8 5r %0

1 2 3 4
SUBJECTS WITH THYROID CARCINOMA 3 4 s
FRELERST 24
These differences are not statistiecally ZOEBFEHMIIEETIELZV(.50<P <. 70).
significant (.50< P<.70). Regrouping the CRLOBERBELM S 60N - ESE LT,
—_ Y

patients by distance from the hypocenter E— ; %) .
to sharpen the distinction between those BIEDQBBIRE AT 728 & BIEORETIRE T 12

heavily irradiated and those less so does HEOMOXFEB > ENF L5 1I2LAEY, &
not materially change the result. Rzl AEM BG4 25 1.

DISTANCE IN METERS SHEEE (m)
NONEXPOSED
<1400 1400-19899 3000-3499 e R

SUBJECTS WITH THYROID CARCINOMA

AR & A 5 ¥ ) : :
The test for heterogeneity on this BEE zoxERMMIZPH~THB L, LA
distribution returned an exact P in IZHSHE IS A 13 - 2 b & BRI & o s

excess of .20, which is not statistically

B A% 5 &0 ATREMEZ MR LTV 34, 20

significant, although superficial exami-

nation of the gross data suggests the Gl oW T -MIIET A RER T s T A S
possibility of a relationship between prior LIEFER B P 3.20Ll FChA B ENS . =
irradiation and carcinoma of the thyroid. )

Also the greater frequency of single NIEHEICHB T 20, ¥ 2EE 0Bt %
thyroid nodules in the heavily irradiated AW THE SHUR S OEE LY &

group suggests the thyroid gland may - ariiis ; 22 S
VB g, B Iatfdghiox LT, Ew
respond to irradiation by proliferation and o FARIRIS BRI A LT, ROH

possibly malignant changes after a long RIMOBICHESH 5 W IFBEEXZ L OREE R
latent period. Preliminary reports from TorLEMAL V. EEY 5L UEBY okSE

the medical faculties of Hiroshima?? and
Nagasak121 universities point to a similar

FEHALOFRTEFE L L) 2RERLTED,

conclusion and underscore the need for 02 ORIRIBER & £ U'F BH O REHRG R
further study utilizing more cases of Y 2ER PO THEIZFEEAED T 2 L

thyroid cancer and data on individual
radiation dose.
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There are almost no other data available
for irradiated adults subsequently devel-
oping thyroid carcinoma; nor has it been
possible to define the latent period for
development of thyroid malignaney in
children following exposure to radiation.
The present data are too scanty for
conjecture on this point and it is well to
re-emphasize the fact that thyroid cancers
are notoriously difficult of diagnosis in
their early stages.

Furthermore, the relationship between
malignancies and so-called benign thyroid
nodules is at best ill-defined. Thus, the
figures in Table 9 pertalning to the
interval between exposure to the bomb and
onset of carcinoma (final column) probably
do not represent true intervals, but may
reflect, among other things, an increased
interest in thyroid diseases at the time
of the present study.

DISCUSSION

In 1958, Katsura made a survey of thyroid
disease in Japan for the Pan Pacific
15 A total of 104
Japanese hospitals answering the question-
naire reported 23,764 cases of thyroid
disease. The cases represent patients who
actually sought medical care and reflect
the distribution of thyroid disease in

Surgery Conference.
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hospital and clinic populations. They
were classified as follows: DThbd. chbMHERFROMY SN,
DIAGNOSIS NUMBER %
2l L4
HYPERTHYROIDISM LB IREE fE Uik LERL: 42.0
NONTOXIC GOITER 3Ech EIEE AR
DIFFUSE BB 1857 50. 8
NODULAR #&E{E 4424
MALIGNANT GOITER EMEFIKGRE 112 4.7
THYROIDITIS e e 592 2.8
TOTAL #f 23764 100.0

In Japan, the presence of a slightly
enlarged, readily palpable thyroid gland is
quite common, particularly in adolescent
girls. Most patients with simple asymptom-
atic goiters never seek medical attention,
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and the diagnosis is usually made, if at
all, on routine physical examination.
Since these slightly enlarged glands do not
pose medical problems and are overshadowed
by the more dramatic manifestations of
toxie goilter,
disease, they have received less emphasis
in the medical 1literature.

which is also a common

The incidence of goiter in Hokkaido, the
has been well
and because there

northernmost island of Japan,
known for many years,
are more cases on the coast than in the
interior, it is referred to locally as
coastal goiter. Endemic goiter now
the major
islands of Japan but has not received much
attention in reviews of this subject

with the exception of a report in 1958 by
40

has been reported from all

Greenwald. The few goiter surveys
published in Japanese generally are not
available to thyroidologists in other parts
of the world. Sporadie surveys have shown
prevalence rates varying from 2.3 per cent
to 12 per cent in various sections of

the country.41"56

SIMPLE GOITER
Japanese literature revealed only one

A brief survey of the

report of goiter in the Hiroshima area.
Shichij042 in a review of endemic goiter
refers to the study by Murakami
Takahashi in 1950, in which 2515 primary
school children in Hiroshima Prefecture
were examined and 25 goiters (1 per cent)
were found.

and

The etiology of nontoxic goiter in
Hiroshima does not appear to be a simple
problem, and the fact that it is seen at
a1l is somewhat surprising in view of the
city's location on a broad delta of the
where dietary iodine
intake is universally high when compared
with that of Western nations. Katsura and
Nakamichi®” in a recent Japanese study
noted wide individual variations in iodine
intake because of differences in seaweed
consumption. However, their estimated
iodine intake of 500-1000 pg or more daily
was said to be higher than that of any
Albritton has stated that

Japanese Inland Sea,

other country.
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the physiologic requirement of iodine is
2-4 up per kg of body weight per d&y,58 and
it is estimated that an intake of 200 ug
is adequate for adul ts. 79

The ABCC iodine uptake studies are
esser..ially in agreement with the findings
of other investigators in Japan. Figure 2
illustrates the 1131 uptake values for
patients with thyroid disease reported by
Kawaishi at Hiroshima University Medical
School. 50 Hirono®! in 1959 also desecribed
his extensive experience with diagnostiec
use of 1131 for 50 patients with simple
nodular goiter, where the 25-hour uptake
varied from 10 to 29.5 per cent (average
18.8 per cent) with none exceeding 30 per
cent. It is likely that these relatively
low values for 24-hour iodine uptake may
be explained by the high daily iodine
intake of the Japanese patients.
Torizuka®2 reported the results of
thyroid iodine metabolism studies "in
Japanese patients routinely on high iodine
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147 patients from May 1955 to March 19586,
showed an average excretion of 778.5 ug
(107 pg per day in the spring,
404 pg in the summer, 869 pg in the autumn,
and 1127 pg in the winter). These values
are quite high when compared with American

per day

and European reports of iodine excretions
of 150 pug or less per day. Torizuka
found that 1131 uptake varied inversely
with 1127 urinary excretion in hyper-
thyroidism and hypothyroidism,
as in simple goiter.

as well

Thus, from the present studies and from
those of the Japanese iInvestigators it
seems unlikely that exogenous iodine
deficlency is a significant factor in the
etiology of simple goiter in Japan,
though,

may have

even
as suggested earlier, some patients
undergone temporary iodine
deprivation during and shortly after
the war years.

Instances of goiter and myxedema have
now been reported in euthyroid patiéﬁts
following excessive iodine administration.
In 1953 Morgans and Trotter®3 first
described 2 such patients who had ingested
medications containing iodides for a period
of several years and had goiters and
myxedema which were reversible when the
Since then

other reports with similar findings have
75

iodides were discontinued.

appeared.64"

It has been suggested that excessive
iodides in some way block the synthesis
of thyroid hormone, 03:68,76 45 concept
is based on observations that the formation
of thyroid hormone can be prevented by
increases in the level of serum iodide in
the rat78 78 and in man. 72280 A1though the
use of medications containing iodine is
extremely common in arthritis and pulmonary
disease clinics, the development of goiter

Morgans and Trotter63
suggest that most patients must in some way

1s guite rare.

become tolerant of high blood iodide
levels, or possibly take medications
intermittently,
synthesis to occur during the periods when
Other case

permitting normal hormone

iodine intake is not excessive.

27

OEHOEREHMFE DR, FofEE12778.5
Hg SH(FIZIE1070g /H, EI213404pg /H,
13869 ug /H, ﬁ@rm%g/ﬂ)?ﬁot. s 1
bOBIEE, BRROBEIZH T 2XFER 150
Hg SHIZHNS EIEFEIZE Y. B, BiGMER
RIEIE & % 6 4, BARIRBERETTE & & UFIRIR
BRERGE T4, 1'% BEGEIL 127 JRep HEit iz Bk
WLTEATZZEE2HERL -

LT, ABRESLIUVEEFOZEEORED S
B, AilcdmR LA LI, e dhs L UWHE L

L OM—BMIZIRFERZIIEEV S 2HE 5
sthdEnzwithyYd, SFREERERERH
Alos2EAERRBEEOFROBFTREL 2 ER
ThHasLvIHImEEEFEI NG V.

ORI RE P IE W 2 E 2%, B oFREHRS(C
DL THURIREE 35 k UG iRKEE 2 24 L 7261 fﬁ’.
A Eh Twa. 19534 1 Morgans &Trotter
EADBBEZHIIODVTHOTRELES, C
NLBRFILRMDEESCER 2B FHMB LT
FRARIRAE & & ORGORIE 2 4 U 722, £ oik{t®h
a5 L8 L. 2 hLIRRERE O TR & i <
THREPIEPIZEELOI TS @

B EE ok AL,
CHDHETIHITS &

,‘5 _63.58.76

RIS A L E ¥ 0 S % ]
WHIZEARBEEAT W
coFEZIE, RS0 ABR™Y
1285 W THIRIEA IV E ¥ O MIiE R L o 5
Mz > THRIET 2 ZEHTE3 0 BEICE

TLTWwWA. BER 5$0%#M®mﬁuﬁuf
FRE2AUDEMEH VS L EERIZZ L. TR
g, MARNRME O 54 (LD TH TH 5. Morgans
kU Trotter ®|3, 2L DBERM S LD HE
THVIERCHEE M2 63 E 512450

, F B ICEAM ARV S 2D, KREFEN
AR T WEIRIC LRV E Y O S ATIE R 21T
Tbhbha0ThsrH LRBELTVS. fhoERHK
T, BRIBE A s AR HEER s ORI E
WTIH &3S THY, FIRERLVE Y AHEO



reports raise the possibility that the
patients who developed goiter were in some
way different and perhaps had an underlying
genetic defect in thyroid hormone synthesis
that became apparent or intensified
with the stress of iodide load.56,68,75
Possibly the Japanese who develop goiter
on diets containing ample or excessive
iodine are unable to adjust to high serum
iodine levels because of some minor genetie
defect in the synthesis of thyroid hormone.
Further studies will be necessary to
investigate this possibility.

The importance of genetic factors in the
etiology of simple goiter may be greater
than was previously suspected, as indicated
by a number of recent discussions of this
problem.al"go In worldwide goiter surveys
of the past, refined methods were not
available for detecting abnormalities in
thyroid hormone synthesis, and when more
than one member of a family had goiter, it
was usually explained by an environmen£4l
deficiency of iodine affecting several
family members.
reports documenting biochemical defects
in thyroid hormone synthesis in goitrous
cretins.s’gl‘92 In addition, minor bio-
chemical abnormalities have been described
in patients with familial goiter3'25!93 and

even in euthyroid relatives of some
94

There are now & number of

goitrous cretins.

Greer?® and McGirr®® have both sugges ted
that some cases of sporadic nontoxic goiter
may be attributed to an intrinsic defect
in thyroid hormone synthesis, and the
latter has reported five cases in which he
demonstrated a deficiency of an enzyme
within the thyroid gland. All the patients
were euthyroid and able to take up iodide
with unusual avidity. They were unable to
incorporate iodide into a protein complex,
a defect that has been described in some
goitrous cretins.

DeGroot and Stanbury, 88 yn a discussion
of congenital goiter, refer to laboratory
studies on patients with adenomatous
colloid goiter in whom up to 20 per cent
nonbutanol extractable 1131 (NBEIlal) was
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found in the serum and a prethyroglobulin
protein in thyroid extracts. They point
out that 1n one variety of congenital
hypothyroidism the metabolic defect may be
an accentuation of a similar defect seen
in adenomatous colloid goiter.

Neel and co-workers2? recently inten-

sively studied a large group of subjects
with congenital hypothyroidism and were
able to divide the patients into two
groups: those who apparently have no
thyroid tissue and those with thyroid
tissue but unable to manufacture and
release adequate amounts of thyroid
In the latter group there were
one with a clearly defined

hormone,.
two subgroups,
biochemical deficiency in hormone synthesis
and another for whom the nature of the
biochemical defect was not yet determined.
The first subgroup appears to be fairly
homogeneous and evidence of several
different types (increased consanguinity
1:1
sex ratio of affected, 3:1 ratio of nofﬁhl
to affected sibs and a slightly increased
susceptibility to thyroid disease among
parents of those affected) would seem to
implicate genetic control in at least one
type of thyroid disease.

rates among parents of those affected,

I[(it,i::hin,!:’6 in discussing genetic factors
in thyroid disease, mentions that not all
simple goiters can be attributed to iodine
deficiency because even in endemic regions
not all individuals are affected.
where goiter is sporadiec the ratio of
females to males is 10:1, and he cites this
as evidence "that internal factors may play
a part in the genesis of the disease and
that their influences will be recognized
more easily in non-endemic regions.®

In areas

Additional evidence that iodine deficiency
is not the sole etiologic factor in simple
goliter is suggested by the iodine uptake
97 obser-
vations were made on subjects in an iodine
No
significant difference was noted between

s tudies in Venezuelan Indians.
deficient area where goiter is endemiec,

golitrous and nongoiltrous subjects with
respect to thyroidal radioiodine uptake and
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urinary excretions. Many nongoitrous
subjects had uptakes of over 60 per cent.
The study revealed no explanation for the
ocecurrence of goiter in some individuals
and absence in others.

The above studies, coupled with the
observation that goiter develops only
occasionally in individuals receiving
medications containing large amounts of
iodine, a soybean formula, or known goi-
trogens, suggest that goitrous individuals
may indeed have minor genetic abnormalities
in the synthesis of thyroid hormone. The
abnormalities may be sufficient to cause
goiter in a euthyroid patient as deseribed
by lcsirrsﬁ or they may be so slight that
they are unmasked only by the stress of a
large iodine load or goitrogen which the
patient is unable to tolerate.

The role of goitrogens in the etiology
of goiter has received a great deal of
attention in the past few years and has
been carefully and extensively reviewed by
several lnvestigators.gs‘loﬁ It is now
clear that certain foods, notably members
of the Brassica family, contain antithyroid
properties. The most potent substance,
found in the seeds of most Brassicae, has
been identified by Astwood and Greer as
L-5-vinyl-2-thiooxazolidone and termed
goitrin.ln6 Greer107 recently isolated
the precursor of goitrin, termed progoitrin
and demonstrated that this compound
possesses antithyroid activity when
administered In pure form. His data
indicate that progoitrin may be hydrolyzed
to goitrin endogenously and suggest
that cooking may not be sufficient to
nullify the goitrogenic properties of the
Brassicae. greerl?l refers to the postwar
situation in the low countries of Europe
similar to that difficult period in Japan
when diets of cabbage,
members of the Brassica family were
associated with an increase in simple
goiter. He also mentions a personal
communication from Himsworth who described
a Belgian monastery where the monks
developed goiter while subsisting on a
diet of rutabaga and tulip bulbs during the

turnip, and related
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war., It is now impossible to evaluate
adequately the war and postwar situation in
Hiroshima and it is a matter of conjecture
to determine whether any of the subjects
ate goitrogenie foods in such gquantities
that thyroxin synthesis was inhibited.
It does seem quite possible, however, that
the catastrophic events of the period may
have resulted in & goitrogenic diet in
some individuals.

Soybeans have also been associated with
the production of goiter,los'll3 but no
specific goitrogen has been isolated from
this source. Further, soybean goiter in
animals and man is reversible with iodine
supplementslll’113’114 in spite of the faet
that soybeans are a common source of food
in many areas of the world, only recently
have they been linked with goiter in
humans. In 1955 Rawson!l® described a
one-year-old child whose thyroid had
enlarged so rapidly that a tracheostomy was
performed to prevent asphyxiation; extreme
hyperplasia of the biopsied thyroid
suggested a goitrogen. The child had been
fed soybean milk since birth and when this
was discontinued the goiter disappeared.
More recently Van Wyk et at116 paye
described several additional cases of
children who developed goiter while taking
a soybean product. One patient, described
in detail, had a rapid high uptake of 1131
and rapid discharge of hormonal 1131 into
the blood after withdrawal of the soybean
milk but on reinstitution, both the 131
and serum PBI were depressed. Four months
after cessation of the soybean diet, the
iodine uptake curve was normal. Van Wyk
also studied the iodine metabolism of 14
euthyroid adults who were fed soybean
products and found that only 2 showed
suppression of Pﬂllal, suggesting that
these 2 may differ in some way from the
others in their reaction to the effects of
soybean. Similarly, of all the children
who receive soybean products, only a few
develop goiter.

In Japan, the soybean ranks as a major
dietary constituent and in the war years
served in increased amounts as a dietary
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supplement. Thus, if a goitrogen is
present in soybean, as seems likely, every
Japanese person has ample opportunity for
ingestion of large gquantities. However,
it seems unlikely that soybeans play a
major role in goitrogenesis, since it
has been shown that adequate dietary

113,114 , 4

lodine prevents soybean goiter
certainly in the Hiroshima area, as
previously mentioned, iodine intake is, by
any standard, more than adequate. Thus,
perhaps only in an occasional individual,
as suggested by Van Wyk et al, does the

soybean serve as a thyroid blocking agent.

In summary,
a number of etiological factors may be
significant in the production of simple
goiter. There is no iodine deficiency in
the present diets of Hiroshima residents,
but this possibility cannot be definitely
excluded for the World War II and postwar
period when some patients were living
inland and many others had restricted
vegetarian diets. Although 1t is inter-
esting to speculate that some of the
patients developed goiter in response to
a high intake of jiodine or goitrogens,
these possibilities could not be pursued
Recent studies?! imply that
genetic factors are important in the
synthesis of thyroxin and may well be
responsible wholly or in part for metabolic
defects resulting in some simple goiters.
More detailed data will have to be obtained
from the individuals particlpating in
the Adult Health Study to clarify the
multiple factors contributing to the
etiology of simple goiter in this part
of Japan.

it seems quite possible that

further.

THYROID CARCINOMA Many investigators of
thyroid tumors in animals have felt they
could trace the evolution of malignant
metastasizing carcinomas from benign
nodular lesions. papillary
thyroid carcinoma has been found to be
the most common neoplasm Iin surgical
elinies. Although carcinoma may arise in
a papillary adenoma, it frequently does
not, and it 1s not possible on the evidence
available to settle the problem of whether

In man,
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single papillomas or other nodules are
precancerous.

Some pathologists feel that carcinoma is
carcinoma from the beginning, whereas
others believe a transition may occur from
low grade papillary growths to highly
malignant, biologically aggressive lesions
with widespread metastases. Morgenstern
and Tiber!17 deseribe 3 cases in which
fifteen to eighteen years elapsed between
the original thyroidectomy and clinically
significant metastases. In their 32
patients with carcinoma of the thyroid
21 died of other causes. Thyroid clinies
and reports from extensive case studies
stress the unpredictable course of thyroid
carcinoma. The long natural history of
some thyroid carcinomas makes both the
collection and interpretation of eliniecal
and autopsy data exceedingly difficult.
Since neoplastic nodules occur more
frequently in women over forty, a long
term followup of nodular goiters would be
extremely valuable. T

Opinion varies widely as to how fre-
gquently carcinoma may occur in patients
with discrete nodules. Estimates from
surgical clinies range from 7-30 per
cent, 118 Large series from medical centers
particularly interested in thyroid disease
invariably contain a larger proportion of
patients with carcinoma. In a population
s tudy in Framingham, Massachusetts, a
nongoltrous area, single thyroid nodules
were found in 3 per cent of a sample of
5234 ]‘Jersons.ll9 In 28 patients who have
come to surgery there have been no cases
of thyroid carcinoma.

Sokal120 has stated that 3 to 4 per cent
would be a conservative estimate of the
prevalence of clinically detectable nodular
goiter in the United States.
findings have, as would be expected,
revealed a higher prevalence of nodular
goiter. The statistics vary for goitrous
and nongoiltrous areas. In Boston a
survey of autopsy protocols of several
hospitals revealed nodular goiters in
8.2 per cent.

Autopsy
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Nodular goiters were found in 15.7 per
cent of the women over fifty, however. 121
A study in Chicago by Jaffel2?2 in 1930
revealed nodules in 72 per cent of women
and 46 per cent of men by gross autopsy
inspection. At that time Chicago was
considered to be a goitrous area., Serial
sectioning of the thyroid gland at autopsy
has revealed even larger numbers of
thyroid nodules. Mortensen, Woolner, and
Bennett123 found single thyroid nodules
in B.6 per cent of autopsy cases on
palpation and 12.2 per cent on microscop-
ieal sectioning. Multinodular glands were
found in 12.3 per cent on palpation and
37.3 per cent by serial section. None of
these glands had been found to be abnormal
on physical examination prior to autopsy.
Neoplastic nodules were found in 67 per
cent of nodular glands. Primary malignant
nodules were found in 4.2 per cent and
metastatic malignant nodules in 3.7 per
cent of the nodular glands. All studies
have revealed the frequency of neoplastic
nodules increases with age.

The problem of the relationship of
radiation to the subsequent development
of thyroid nodules is of great interest
and importance.

Simpson and Hempelman observed an
increase in thyroid adenoma as well as
carcinoma in their study of irradiated
children. 124 sheline et al125 founa
thyroid nodules in 2 of 5 patients who
received treatment with 1131 for hyper-
thyroidism before the age of ten. In one
of these patients there were invasive
changes suggesting early malignancy. In
their group of 13 patients receiving
treatment between the ages of ten and
twenty, 1 patient treated at age seventeen
developed an adenoma five years later. In
only 2 of 195 patients treated beyond the
age of twenty were nodules known to have
developed a year or more after therapy.

Wilson,126 in reporting a group of
patients who developed thyroid neoplasia
following irradiation, describes 2 patients
in whom nodular adenomas were present with
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considerable hyperplasia. Mitoses were
described as frequent, but a diagnosis of
carcinoma was not made because of the
absence of local invasion and metastases.,

Radiation has long been recognized as
a carcinogenic agent and a number of
excellent reviews have been written on the
subject.127_130 Furth1®9 states that "a
survey of the facts gathered indicates a
multipliceity of mechanisms by which
neoplasia is produced by ionizing radi-
ation. Instances of both direet and
indirect effects are evident, although they
are not always clearly identified". The
endocrine organs are of particular interest
and the experimental data in animals
suggest that indirect mechanisms may
be operative.

The earliest observations of the effects
of radiation on the thyroid gland were
primarily histologiec studies following
whole-body irradiation in animals. In
1943 Warrenli31 briefly reviewed the
effects of radiation by radium implants
and x-ray on the normal thyroild gland
and concluded on the basis of histological
data available that the thyroid was
resistant to radiation. Since then the
availability of goitrogenic substances and
radioactive iodine has opened new avenues
of investigation of endoerine tumors and
their biological interrelationships.

A delicate hormonal balance exists
between the thyroid and the pitultary.
The level of thyroid stimulating hormone
(TSH) production is influenced by thyroxin
and many other factors affect TSH secretion
by the pituitary. TSH secretion may
be increased by lodine deprivation, goi-

and irradiation. It
132-138

trogens, carcinogens,
has now been demonstrated repeatedly
that any alteration in hormonal balance
between the thyroid and the pituitary,
resulting in an increased level of TSH
secretion will cause tumor formation

in the thyroid.139

140~

Numerous investipgators 149 have shown

that thyroid tumors can be produced
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experimentally in rats and mice by methods
causing an increase in TSH stimulation for
prolonged periods. Evidence has been
presented141’146’l50 that TSH secretion
increases with large or small doses of
1131, (characteristic changes occur in
pituitary eytology and thyroid cell height.
The dose of 1131 4 important, because
after very large doses the thyroid is
unable to respond to the stimulus of
increased TSH. The combination of goi-
trogens and irradiation is found to be
particularly effective in causing thyroid
tumors. Carcinogenesis in endocrine glands
of irradiated animals appears to involve
indirect mechanisms that disturb normal
hormonal relationships.

Al though the animal data are of great
interest and importance, they cannot, of
course, be applied directly to man. Much
of the recently renewed interest in the
influence of radiation on the human thyrold
s tems from the diagnostic and therapeutic
use of 1131 in thyroid diseases.

As ecarly as 1949 there was concern over
the possibility of late radiation changes
leading to malignant degeneration. At
that time the only patients in America
available for study were those who had
received external x-ray treatment for
hyperthyroidism. Quimby and wernerl5l 4p
a letter to the Journal of the American
Medical Association reported the results of
a questionnaire they had sent to 70 radil-
ologists and 31 thyroid specialists. It
is of interest that 10 cases of carcinoma
of the thyroild were reported in patients
who had previously recelved treatment with
x-ray for hyperthyroidism. The authors
tended to discount these cases for varying
reasons and concluded that the possibility
of malignant degeneration is negligible
following external radiatlion for toxic
goiter. Unfortunately, from the question-
naires, no data were available as to the
population at risk, and no comparison
could be made with the population as
a whole or with patients with hyper-
thyroidism receiving other forms of
trea tment.
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Lindsay et a1l52 reported in detail
the histologic effects of various types
of ionizing radiation on normal and
hyperplastie human glands. Ten of 24
hyperthyroid patients treated with 131
showed the changes of Hashimoto's thyroid-
itis which the authors attributed to
irradiation, suggesting that damaged
thyroid cells decreased thyroid hormone
production subsequently resulting in
excesslve TSH stimulation. No malignant
thyroid neoplasms were found following any
type of irradiation, although three
hyperplastic glands were described as
having multiple benign neoplastie nodules,
and the possibility of the eventual
development of malignant lesions in the
irradiated hyperplastic human thyroid
gland was discussed.

Gooldenl®3 in 1957 made an extensive
review of tumors of the pharynx and larynx
that followed external irradiation of the
thyroid and collected from the literature
28 cases of tumors in this area after
latent periods of six to thirty-three years
following irradiation. there was
no evidence of thyroid tumor in these
patients, but histologic examination of
the thyroid was not a part of the study.
He found only one thyroid tumor in an adult

Grossly,

following prior irradiation, referring to
a case reported by Kindler in 1944. The
patient developed adenocarcinoma of the
left lobe of the thyroid twenty-four years
after x-ray therapy for tuberculous
1ymphadenitis. Goolden points out the
differences in external and Iinternal
irradiation of the thyroid and notes that
x-rays seldom produced hypothyroidism and
may not have interfered with thyrexin
produc tion.

In 1950 Duffy and Fitzgeraldl reviewed
the Memorial Hospital experience with
carcinoma of the thyroid from 1932-1948.
During this period 430 cases were studied
and of these 28 were eighteen years old or
younger at the time of dilagnosis. The age
at onset correlated with puberty, the time
of maximum inecrease in thyroid size. Ten

of the 28 cases had received irradiation of
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the thymus during Iinfancy between the
fourth and sixteenth months. Although the
number of cases was small, this was the
first report to alert others to the
possible sequelae of irradiation of the
thyroid in the very young.

In 1955 Simpson and Hempelmann2 described
a followup study of children who between
1926 and 1951 had received x-ray therapy to
the thymic area, They found the number of
cases of carcinoma of the thyroid to be
higher than in untreated siblings or the

The data were reported
124

general population.
in greater detail in a later article
where it was pointed out for the first
time that doses of the order of 200-600 r
might be responsible for thyroid tumors in
man. The authors suggest that even a
small radiation dose may be sufficient
to cause changes in young tissues or
upset the endocrine balance in the rapidly
growing organism causing neoplasia by
some indirect mechanism. :

In the studies by Hempelmann, out of 1498
children who received thymiec radiation,
10 developed thyroid carcinoma while in
the control group of 1933 untreated
siblings, none was found with thyroid
malignancy. Of further interest was the
occurrence of 7 cases of leukemia and 3
instances of cancer at sites other than
the thyroid in the treated children, while
in the controls, 5 extrathyroidal cancers
were found but no leukemia. Mention was
made of 12 additional patients below the
age of twenty who had thyroid carcinoma,
8 of whom had histories of prior x-ray
exposure. Also, 3 women between the ages
of twenty to forty were seen with thyroid
carecinoma, all of whom had received
previous x-ray therapy to the face or neck.

Clark in 1955 made a survey of all
his cases of carcinoma of the thyroid
in patients below the age of fifteen,
and reported 13 cases all of whom had
had previous irradiation at ages two
months to six yenrs.3 The latent period
for the development of the carcinomas
was three to ten years; the doses received
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by 11 of these children ranged from
200 to 725 r.

Evidence linking carcinoma of the thyroid
with irradiation in children has continued
to accumulatel®-159 byt not all studies
have been in agreement. Thus Horn and
Ravdinl®0 in 1951 and Warren, Alvizouri and
Colcock1®l in 1953 reported a total of 42
cases of carcinoma of the thyroid in
children or young adults and in only 1 was
a history of previous irradiation found.
As Simpson and Hempelmann point out,
however, many parents are unaware of the
fact that their child received radiation
to the thymus. This point is further
emphasized by Fetterman, who found that
on repeated questioning he doubled the
number in his series known to have previous
irradiation.

Conti et 21162 paye recently reported a
followup study on 1564 Pittsburgh children
who received irradiation to the thymus.
In 1386 of the patients the
than 200 r. No cases of
leukemia were found in the
These patients were largely unselected in
contrast to the irradiated patients of
In the Pittsburgh
study the irradiation port was also

dose was leSs
carcinoma or
entire group.

Simpson and Hempelmann.

smaller resulting in a smaller area of
irradiated tissue.

That the young thyroid gland may be
especlally sensitive to radiation has been
suggested by all of the groups reporting
carcinoma of the thyroid in children.
Werner, Hamilton, and Neme th163 reported in
1952 that 4 of 6 children they were
s tudying for hyperthyroidism achieved a
complete remission following repeated
diagnostic doses of 1131, The minimum dose
for remission was 200-240 uec (27-100 rep to
the thyroid per 40 pec dose 1131 and a total
radiation of about 161-607 rep). The
remissions were temporary with only 2 going
beyond three months, They felt that
children with hyperthyroidism respond
fairly consistently to low levels of

irradiation from 1131,
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Wilsonl26 calls attention to the fact

that a test dose of 131 resul ting in an
uptake of 15 puc distributed in a gland
weighing 15 grams or less would deliver a
dose to the thyroid of at least 100 r.
Many investigators have pointed out that
the uptake of 191 45 irregular and that
some parts of the thyroid are more heavily
irradiated than others. Wilson feels that
the use of I131 {n children is justifiable
only in exceptional circumstances.

If, as seems possible, the infant thyroid
is particularly sensitive to irradiation,
a long latent period may ensue. Then, with
the rapid growth of the gland during
puberty, nodules and malignant tumor
formation may result.

In contrast to the growing literature
implicating radiation and subsequent
thyroid carcinoma in children, there is a
paucity of information available for adult
populations who were irradiated either
during childhood or adulthood. One problem
is that the approach had been to examine
thyroid carcinoma patients below the age
df twenty or in some cases twenty-five
yvears. Opinion differs as to when child-
hood ends. In view of the long latent
period, the children known to have received
irradiation will have to be followed long
into adul thood. 1In addition the patients
receiving head, neck, and chest irradiation
during adolescence and adult years for
varying reasons as well as patlents
receiving 1181 wy1 require prolonged
followup if valid data are to be collected
for older age groups.

There have been no reports of carcinoma
of the thyroid following large x-ray
doses in the treatment of carcinoma of
the larynx. This is not particularly
as the latent period
for the development of thyroid carcinoma
may well exceed that of the 1ife expectancy
from the laryngeal carcinoma. There are,
as yvet, no reported studies extending
beyond ten years on patients who received
1131 45 treatment for thyvrotoxicosis,
Furthermore, 1t may well be that hyper-

reassuring, however,
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plastic glands so treated represent a
physiological situation that is not
favorable to the subsequent development
of carcinoma.

Kilpatrick et al164 in 1957 reported
their findings on 100 cases of thyroid
carcinoma from the Sheffield National
Center for Radiotherapy. Only 8 of
their patients were less than thirty-four
years of age at the time of diagnosis,.
In 3 there was a history of previous radi-
ation to the neck for benign conditions.
Wilsonl=26 reporting in detail the 3 cases
of Kilpatrick and 4 additional adult
patients who developed thyroid carecinoma
following irradiation, noted that in only
one instance had a patient been irradiated
when bevond the age of sixteen. The latent
period in this instance was thirty-seven
years. In his discussion he mentions
that the latent period in adults is
frequently longer than that seen in
carcinoma following radiation in children
and quotes the British Medical Researéch
Council in 1956 as saying it may be at
least twenty years.

Wi11is165 4 1959 reviewed 104 cases
of carcinoma of the thyroid at Queens
It was possible to
63 of the group concerning
Three patients were

University in Belfast,
question
previous irradiation.
found who had received x-ray therapy for
thyrotoxicosis thirty, twenty-one, and
sixteen vears prior to the development of
A fourth patient who
developed carcinoma only five years after

irradiation was not included as the latent

thyroid carcinoma.

period was considered too short.

Since the use of 1131 for thyrotoxicosis
in 1943,
thyroid have been reported.
radiological effects of x-rays and I
differ, it is not possible to translate

the experience with the earlier mode of
131

no cases of carcinoma of the

Because the
131

treatment to the patients receiving I
If there is a relationship between carci-
noma of the thyrold and treatment by 1131,
only a longer observation period will
settle the guestion.
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In 1953 Dobyns, Vickery, Maloof, and
Chn.pmanl66 reported a ten year followup on
400 patients who had received treatment
with [131. No cases of thyroid carcinoma
were found in the group. Thyroid tissue
was obtained from 29 patients by thyroid-
ectomy, biopsy, or autopsy
eight years after Ilsl. Microscopically
there was some irregularity in the size
and outline of cell nuclei and distortion
Fibrosis associated
with groups of acini containing cells of
variable height was characteristic of the
radiation injury. No extrathyroid tissue
damage was noted.

two days to

of chromatin patterns.

Table 10 lists published series in which
adult patients are reported as having
developed thyroid carcinoma following
external radiation to the neck.

In conclusion, a variety of observations
pertinent to carcinoma of the thyroid
following irradiation have been noted. ‘The
latent period and the clinical course of
thyroid tumors are long, with malignancies
being reported from four to thirty-seven
years after exposure to radiation. To
produce tumors the dose apparently need
not be great and in children at least,
may be of the order of 200 r. Animal
experiments have demonstrated that thyroid
physiology may be altered in several ways
so that the gland is apparently rendered
more susceptible to the carecinogenic
effects of ionlzing radiation. The
importance, if any, of altered dietary
iodine and of goltrogens in thyroid
malignancies is at present unknown, and
genetic factors remain to be evaluated.
However, if any of these considerations are
important, the Hiroshima Adult Health Study
provides an unusual opportunity for the
long term careful observation of a selected
group of individuals. Information obtained
over the coming years may provide answers
for some of the perplexing gquestions
connected with the relationship of exposure
to ionizing radiation and carcinoma of
the thyroid.
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TABLE 10 REPORTS OF THYROID CARCINOMA BY SOURCE, YEAR REPORTED, AND LATENT PERIOD
#£10 WS T RSO AT, REFE, L UBERHE

SOURCE YEAR REPORTED |CASES ASR 38 YERRS 8 LATENT PERIDD
YEARS
x = RE{EE | mgs |WHEN IRRADIATED| WHEN DIAGNOSED| .
EIQiRE EZ2Fer MEEWE (F)
154
KINDLER QUOTED BY GOOLDEN —_ & » o
QUIMBY AND WERNER' 2 p— g |NOT sTATED ROT STATED 3 0R UNKNOWN
i AL L 3 ETH
SIMPSON AND HEMPELMANN'Z® o NOT STATED ki KOT STATED
5 A L L
167 4 26 22
BERARD 1957 8 35 29
8 19 1
165
KILPATRICK 12-13 25 8
a3z 14,18 31 17
E MOS 54 H 19 18
125 3 & 6 MOS. #F 22 78
¥ILSON 1958 28 B3 37
10 27 17
21 43 22
169 1 49 38
GOOLDEN S5 28 89 T
18 38 18
166 29 59 30
WILLLS 1958 - 26 a7 21
63 78 18
5
CURRENT REPORT AE S
ADULT HEALTH STUDY 7 20 4
WRARESA , U 39 :
[ 42 58 3
18 3 14
41 55 14
20 3s &
52 54 10
53 85 3
OTHER Fo 47 61 14
55 88 1
14 28 12
SUMMARY “w i

In the matched sample for the Adult
Health Study 5553 participants were exam-
ined in the ABCC clinic in Hiroshima,
Japan during the sixteen month period from
July 1958 through October 1959. Thyroid
disease was diagnosed for 169 subjects,
152 of whom were female.

Simple nontoxic goiter was the most
frequently seen thyroid disorder comprising
47 per cent of the total, with a sex ratio

of 8 to 1 in favor of females. Hiroshima
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1s a coastal city where iodine deficiencies
seem unlikely and the various etiological
possibilities responsible for nontoxic
goiter were reviewed and discussed.

Hyperthyroidism was observed in 16
patients of whom 13 were females. The
clinical manifestations of the disease
were similar to those observed in patients
in Western nations. Hyperthyroidism was
observed more frequently among those
closest to the hypocenter. However, in
the opinion of the authors radiation per se
is not clearly implicated as an etiological
agent in view of the diverse and as yet
unknown factors responsible for the
initiation of hyperthyroidism.

One patient with hypothyroidism and 5
with chronie thyroiditis diagnosed by
biopsy were seen in the study.

Single thyroid nodules were found in 39
patients; the blopsy diagnoses of 19 were
listed, 8 of whom were shown to have
thyroid carcinoma. The greater frequency
of thyroid nodules among those most closely
exposed to radiation from the atomie bomb
was statistiecally significant when compared
with other exposure groups. The radiation
data were discussed and the relationship of

thyroid nodules to malignancy was reviewed.

Carcinoma of the thyrold was diagnosed
microscopically in 12 patients, consti-
tuting 7 per cent of the total number with
thyroid disorders. Although a greater
number of malignancies were seen among the
most heavily exposed, differences among
distance groups were not statistically
significant. Many factors indicate
cautious interpretation of these data in
the present report. The medical 1iterature
concerning radiation and the thyroid
was briefly reviewed.

It was concluded that thyroid disease in
Hiroshima warrants further study and it
will be of particular interest to carefully
observe the Adult Health Study group for
the incidence of thyroid nodules and
thyroid carcinoma.
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APPENDIX |
T 81
IODINE CONTENT OF JAPANESE FOOD
BEEHFOAELER

Prepared by K. Hayami

National Institute of Nutrition, Ministry of Health and Welfare
BrEEvREFEmEAGLORBIZES

FISH fi ' '?;;“ Y/ke
RED SEA BREAM E s 623
Nemipterus virgatus wEED 528
YELLOW-TAIL &5 330
BONI TO IR 588
MACKEREL ITA XL ass
TUNA ¢35 710
SCOMBERMOROUS NIPHONIUS =H 5 478
HORSE-MACKEREL AaHL 394
SAUREL FASHL 462
STRIPED SAUREL LEs L 505
TROUT = 8 11
HAIR-TAIL e Y - 390
CODFISH =5 594
PERCH TFE 543
RED BREAM BoFaEG 447
MACKERAL-PIKE shAE 410
FLYING-FISH EUI B 564
HERRING 3 B 7165
SARDINE Tuhl 590
RED SAURY-P|KE rET 480
CONGER [+ 887
SEA-EEL EHi I 1012
HALIBUT FUES 460
STAR FLATFISH EAR (R 294
Nasounicornis [Eat 341

FISH 300-10007 ff
0CTOPUS ZRT 145
CUTTLE FISH LA 128

SHELL FISH* B
OYSTER FHE 3§70
TAPES PHILIPPINARUM Hah 2042
CLAM FECH 2430
ARK-SHELL E 3715
ABALONE HhU 1800

SHRIMP (MEAT ONLY) Z f (D &)

LOBSTER we 2384
PRAWN B IR 1740
Penaeus monodon 5 LAIF gan
Alphews bis-incisus HEBRTEAUV 827
Me tapenaeus joyneri LIz o 1022

*Body fluid and meat - (Care was taken not to lose any body fluid inside the shell.

HEELUA — RobokEs kb i EELTHE.
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FISH fi

I0DINE V/kg
K #E
CARP bl 125
Chaenogobius uotaemia isaza \v & ¥ 80
ROACH L5 74
TROUT UHET 98
SMALL SWEET FISH £ 116
SPEAR ACHEILOGNATHUS MORIDKAE £ A% T 87
SILVER CARP ES /s 110
DACE 1z 78
LOACH EEED 370
CATFISH aET 254
CLAMS (22 <D
CORBICURA LEa 8130
FRESHWATER MUSSEL trh 2 EHFV 1240
ROUND MUD-SNAIL L 734
Paluemon paucidens TEar 280
SWAMP SHRIMP BTt 3is2
MACROBRACHIUM NIPPONESIS TLH AT 294
ANADROMOUS FISH #8 i
TROUT 3 588
RED TROUT - 172
SALMON ait 586
MULLET s 2042
Liza haematocheila thiE BES
POND SMELT h#s ¥ 672
SWEET FISH(TROUT) »H 348
EEL I%¥ 478
LEAFY VEGETABLES 31 LEAVES (¥%) STEM (¥%)
CABBAGE (1) $hTLEE % 554 2%5
YOUNG TURNIP LEAVES PREDEE 50.8 29.7
LETTUCE (1) 5 L% 50,9 ek
CABBAGE (2) vl 50.9 . )
RADISH LEAVES EuwIAE 38.2 28.7
RED BEET & A 3.2 25.4
CHINESE CABBAGE Ao BMIEL EW 33.9 25.4
LETTUCE (2) L% 33.9 28.7
20,7 2.2
SPINACH FIhAZES 26,4 2.9
CABBAGE (3) EA g 1 25, 4 21.2
WELSH ONION faE 33. 9
AVERAGE F1ij 38.7 26.6
STALK VEGETABLES X3
DASHEEN oA Lb §3.6
POTATO o R 53.0
BUR RHUBARE PAES 42.4
ONION (CENTRAL PORTION) 7 Eh ¥ (i) 40.3
TARO grug 28.7
LILY ROOT whh 0.2
ONION (OUTSIDE) LERE (7M@) 46.8
AYERAGE T8 41.7




ROOT VEGETABLES R 34d (%)
YAM LEWE 67.8
SWEET POTATO s0Fni §5.1
CHINESE YAM LHVE 50.9
RADISH Wi 48.8
CARROTS (WESTERN) HEICA LA 38.2
TURNIP EE 33.9
SURDOCK ZiED 28.7
CARROT (JAPANESE) A EA 21.2
AVERAGE F# 43.2
RAD| SHES EWZh VARIETY' VARIETY?Z
LEFISVA ZR L
ROOT - MIDDLE PART B 33.9 27.8
ROOT - HEAD B—mar 40.3 33.9
LEAVES & 46.8 42,4
MELON-LIKE VEBETABLES §FE
PUMPKIN IEL 50.8
TOMATO F= b 42.4
CUCUMBER x®35 9 38.2
MUSK MELON E®LZ5350 38.2
WHITE GOURD MELON L5309 33.8
EGGE PLANT L3 ¥ 25.4
AVERAGE iy 38.2
SUTTERBUR AE 29.7
ZINGIBER &3 HFE 17.0
LOTUS ROOT tik zh =" 42,4
ARROWHEAD BULB {hu 38.2
PEAS AAES 38.2
COWPEAS #18 Z=IT£16 38.2
AROAD BEANS 25F8H 33.8
FRENCH BEANS VAITAZS 33.9
SOYA BEANS rug 29.7
STRING BEANS 9EH 29.7
MOTTLED KIONEY BEANS 3ToEd 20 2
AVERAGE P 32,1
VEGETABLES
LEAFY fEM 38.9
STALK £ 41,7
ROOT HR 2 4 43.9
MELON-LIKE I ag. 2
FLORAL fE M 28.2
JAPANESE CABBAGE LELE 40.3
AVERAGE Il 37.1
MUSHROOMS & 2 CAPITULUM STEM
o 144
MUSHROOM Fonl 25. 4 33.9
CHEMP | GNON AurLBHL 3352 25.4
YELLOW MUSHROOM mEDC 25.4 20.7
KURIMOTASE (QUE = ot - 21.2 25. 4
AVERACE Fi 28,3 28.8




SEAWEED =~ A &K LE;ES % STEM %

NEKOASHI hzhLoAR 0.6934 n.?ﬁaa
CHIJIMI LLEAaZAR 0.577 D.6238
RISHIRI DL ZAR 0.50786 0. 526
WAKAME (MOST IN OR ABOUT APRIL-JUNE) 0.07 0-08
hr (4 H—6 BHIZERXK)
WAKAME (LEAST IN NOVEMBER) H#A®H (LLAED) D.0284 0.04B2
RICE * (3rd grade Norin No. I) e
MAX | MUM BX 68,8
MINIMUM & ir.e
AYERAGE ¥y 44.6
UNPOLISHED ¥k 33.8
POLISHED BAXx 21,2
SPORE - B3 44.5
GLUCOSE REIE 50.5
TEA F s DRIED TEA Y/kg BOILED TEA %
EnE b 218 4
GYOKURO EE 1,202 46.6
GROUND TEA ®'E 1,112 57.86
GREEN TEA POWDERED HE 1,221
GREEN TEA ROASTED (1) &% 1.057 41.8
GREEN TEA ROASTED (2) Lk 1.084 57.0
GREEN TEA ROASTED (3) [EE - 0.814 §4.0
COARSE TEA 23 D.439 73.0
BLACK TEA HE 0.758 33.4
OOLONG TEA v—ox¥E 1,106 34,4
YOSHINO TEA HH R 0.714 59.0
WELL WATER HE Ak (Yodobashi, Tekyo)
< 5 ilter 4,8%
§ - 20 ¥/ liter 54,0%
20 -100 ¥/ liter 33.3%
100 ¥/ liter or movre [} b 7.9%
TAP WATER IN TOKYD Ao koAoE & BB.51Y/liter
SOIL +148  (Dry)
HOKKAIDO B[ 28. 85 WAKAYAMA kL 1.97
AKITA k| 2, 54 0SAKA &R 2.84
MIYAGI ol 2. 84 TOTTORI B 37.93
AOMORI i 7R 35.00 SHIMANE iR 1,50
FUKUSHIMA fii I 1. 50 OKAYAMA [ 11 9,28
TOCH | GI H5 A 2.79 HIRDSHIMA 15 $ 3.61
I BARAGI B33 11,22 YAMAGUCHI i 2.18
BUMMA HE 2.55 KAGAWA il 0.88
TOKYO et 6.61 TOKUSHIMA i 3.36
CHIBA T3 3.32 EHIME 548 7.23
KANAGAWA FZEN §.05 KOCH I Fog i} 2:12
SHIZUDKA i 1,48 FUKUOKA 44 B 1.58
ISHIKAWA Aanl 1.49 SAGA 158 3.28
FUKUI " 3.48 0ITA * 5 1.08
GIFU L 1.92 MIYAZAKI -1 26.39
MIE =3 0.63 OKINAWA ihd 7.87
NARA ZR 0. 54




v% IN VARIOUS PRODUCTS TESTED ZEHEWMI_HI1T2Y %

POLISHED RICE Wi g 7.8 | NAKED BARLEY wE 17.0
SPRING WHEAT o % 2353 CORN E38AZL B6. 4
FALL WHEAT B 24.5 MILLET Hb 4.8
FALL RYE K4 % 15.0 BARNYARD MILLET Uz 6.9
BARLEY(CHEVALIER) s XADLIANG 29N EA 17.5
K% PANICUM MILIACEUM 3 ¥ 14.9
BARLEY(IMPERIAL) 79: 3

*FE

SOYA BEANS K8 47.0 BREEN PEAS Y = 64.8
RED BEANS hE 18.6

CHERRY E{HAE 5.6 APPLE(KOGYOKU) NAZ (HE) 9.5
TOMATO L 5.1 APPLE (ND.B) NAZ 3.8
SPINACH E3hAZ 1200 CARROT TA LA 9.8
CABBAGE F AT 13,5 TURNIP Fi 6.8
POTATO L ping 15.8

ONION rEhE 6.5 CUCUMEBER ER IR 3.8
LiLy o 3.7 EGG PLANT G 5.8
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