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Thyroid diseases in a school population with
thyromegaly
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Abstract
A survey of 5462 schoolchildren was
conducted for signs of thyroid disease in
the seaside region of gibenik, Croatia. In
this region, salt is regularly iodised with
0-01% potassium iodide. Thyromegaly
was found in 152 children (2-8%). The
most common disorder was simple goitre,
which was established in 126 of these, 12
boys and 114 girls (combined prevalence
of2.3%, and of0-45% in boys and 4.07% in
girls). Juvenile autoimmune thyroiditis
was found in 19 of the children (preva-
lence 035%), with a female:male sex ratio
of 8:1. Diagnosis was confirmed in all
cases by fine needle biopsy. Thyroglobulin
antibodies were detected in all 19 of
the patients with juvenile autoimmune
thyroiditis, but microsomal antibodies in
only eight. Three patients had decreased
concentrations of thyroxine and raised
concentrations of thyroid stimulating
hormone (TSH), one of these also with
clinical hypothyroidism. Raised concen-

trations of TSH but with normal tri-
iodothyronine and thyroxine were seen in
two patients. Graves' disease was diag-
nosed in four children, three girls and one

boy (combined 0.07%). Thyroid nodules
were identified in three children (0.055%/o;
two benign adenomas and one cyst). Only
seven ofthe 152 patients with thyromegaly
(three with hyperthyroidism and four with
simple goitre) had previously sought
medical advice, which points to the
need for careful thyroid examination
of apparently healthy children even in
regions where the regular iodide intake is
assumed to be sufficient.
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Thyromegaly is still a common clinical sign in
childhood and adolescence despite the wide-
spread practice of iodising table salt, which has
eliminated dietary lack, the most common

cause of thyromegaly worldwide, as a factor in
many areas. Goitre may occur as a result of
stimulation, infiltration, or inflammation of the
thyroid and it may be diffuse or nodular,
symmetric, or asymmetric. Rare prospective
studies in children have shown that enlarge-
ment of the thyroid gland may occur in up to
6% of school aged children.' 2

This study concerns the prevalence and
nature of diffuse and nodular goitres found
during a survey of 5462 schoolchildren in
Sibenik, Croatia, a seaside region where regu-
larly available table salt is iodised (0-01%
potassium iodide). Mean (SD) daily urinary

excretion of iodide in the Sibenik region is 295
(282) ,ug/g creatinine.3

Subjects and methods
SUBJECTS
Screening examinations for goitre were carried
out in 5462 schoolchildren 11 to 18 years of
age (mean 14-4 (2 2) years. There were 2801
girls (51-3%) and 2661 boys (48-7%). In all
goitrous children, the concentrations of thy-
roid stimulating hormone (TSH), thyroxine,
and triiodothyronine, and the titre of thyroid
antibodies were determined. In those with an
increased titre of thyroid antibodies, ultra-
sound examination and fine needle biopsy
were performed. In children with nodular
goitre, a thyroid scan was also performed.
The controls were selected from the popula-

tion of 480 children attending one of the
schools in the town of Sibenik. A random
sample of 160 children was obtained. Ten were
excluded either because of positive family
history for thyroid disease and/or goitre, or the
presence of an intercurrent acute or chronic
disease. The rest of 150 children (78 girls and
72 boys) aged 10-18 years (mean 14-2 (2-1)
years) provided the control group. None had
an increased titre of thyroid antibodies. The
following values (mean (2SD) (range)) were
found for thyroid hormones and TSH: tri-
iodothyronine=2-16 (0-48) nmolIl (1-2-3-1
nmolIl); thyroxine= 102-56 (18-53) nmol/l
(70-5-144-6 nmol/1); TSH=1-54 (0-71) mU/l
(0.11-2 97 mU/l). These values were con-
sidered normal for thyroid function tests and
used for comparison with the children
screened.

METHODS
Concentrations of triiodothyronine, thyroxine,
and TSH were determined by radioimmuno-
assay using the kits of INEP (Yugoslavia).
Intra-assay coefficients of variation for these
were 2-7, 3 0, and 7-8% respectively, and
interassay coefficients of variation were 3-1,
3 0, and 6-4%. Thyroid microsomal antibodies
were identified by haemagglutination using the
kit Serodia AMC (Fujirebio Inc, Japan)
(positive 1:100 or greater) and by radio-
immunoassay using the kits of Biodata (Italy)
(positive 17 kU/l or greater). Thyroglobulin
antibodies were assayed by radioimmunoassay
using kits from INEP (positive 1:500 or
greater).
The same examiner was responsible for

screening all of the 5462 children, and the
following classification of thyroid hyperplasia
was used: grade 0 - not palpable; grade I -

103



14aksic,Dumic, Filipovic, Ille, Cvijetie, Gjunci

Table 1 Occurrence ofgoitre in children by age

Age (years)

10-10-9
11-11-9
12-12-9
13-13-9
14-14-9
15-159
16-16-9
17-17-9
Total

No of children No (Go) with goitre

721
672
703
658
788
745
659
516
5462

6 (0 8)
2 (03)

10 (1-4)
16 (2-4)
34 (4-3)
29 (3 9)
27 (4-1)
28 (5 4)
152 (2-8)

palpable, visible only with head raised; grade II -
easily visible with head in normal position; grade
III - visible at a distance.4 All children reported
to have some thyroid abnormality were referred
for further examinations and definitive classifi-
cation by two additional physicians. Ultrasound
imaging was performed with ultrasound camera
Aloka SSD-256, and thyroid scan was
performed using technetium-99m. Biopsy of
the thyroid was obtained by percutaneous fine
needle aspiration. Bone age determinations
followed the standards of Greulich and Pyle.
The study was approved by the regional

ethical committee for medical research and
informed consent was obtained from all
children/parents with thyromegaly and the
controls.

prevalence of thyromegaly showed a steady
increase with age (table 1). Thyroid enlarge-
ment was classified as mild (grade I) in 124
(81/6%), moderate (grade II) in 27 (17-7%),
and severe (grade III) in only one (07%).
On the basis of clinical and laboratory

findings for these 152 children, simple goitre
was diagnosed in 126 (82.9%) and juvenile
autoimmune thyroiditis (JAT) in 19 (12-5).
Four (2.6%) had Graves' disease, and solitary
nodules were identified in three, consisting of
two adenomas and one cyst (2%) (table 2).

SIMPLE GOITRE
The overall prevalence of simple goitre was
2-3%. All of the 126 children showed diffuse
enlargement of the thyroid, all were asympto-
matic (euthyroid) and with negative personal
history for iodine deficiency or goitrogen
ingestion. The female:male ratio was 9-5:1
(114 girls and 12 boys). Mean thyroxine
(93-39 (14A45) nmolIl) was significantly lower
(p<OOl) and mean TSH (1-84 (068) mU/l)
was significantly higher (p<001) than in the
control group, whereas the mean triiodothyro-
nine (2-04 (0A43) nmol/1) showed no statistical
difference.

Results
Among the 5462 children exai
was detected in 152 (2.8%).
sex, 137 out of 2801 girls were gc
and 15 out of the 2661 boys
goitrous, giving a female:male rat

Table 2 Occurrence of thyroid diseases in 5462 schoolchildren

Disease

Simple goitre
JAT
Graves' disease
Benign adenoma
Cyst
Total

No of subjects

Boys Girls
(n=2661) (n=2801) Both

Rates/100

Boys

12 114 126 045
2 17 19 007
1 3 4 004
0 2 2 000
0 1 1 0.00
15 137 152 0-56

JUVENILE AUTOIMMUNE THYROIDITIS
mined, goitre The prevalence ofJAT in the whole population
Divided by of children examined was 0 35% with a

itrous (4.90/o) female:male ratio of 8- 1. Thus JAT was diag-
(06%) were nosed in the same proportion of goitrous child-

:io of 8:1. The ren by sex, that is 17 out of 137 girls (12-4%)
and two out of 15 boys (13-3%). The preva-
lence of the disease increased with age (table
3). The clinical and laboratory data in 19
patients with JAT are shown in table 3. The
goitrous enlargement was grade I (mild) in 12

Girls Both and grade II (moderate) in seven. The thyroid
4-07 2-30 displayed increased firmness in 15 patients,
061 035 and was ofnormal consistency in four patients;
0-11 007 the surface was described as pebbly or
0°03 002 bosselated in 12, and as smooth in seven

4-89 2.78 patients. Only one patient (number 12) had
feeling of pressure and tenderness in the neck.

Table 3 Results of thyroid studies in 19 children with JAT

Patient Age
No (years) Sex

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Normal

18
18
11
15
14-5
16
15
15-5
16
17
13
11-5
17
14
13-5
18
14
18
17-5

F
F
F
F
F
F
F
F
F
F
F
M

F
F
M

F
F
F
F

Thyroid microsomal antibodies
Goitre

TSH Thyroxine Triiodothyronine Thyroglobulin Haemagglutination kUAl by
Grade Consistency Surface (mU1l) (nmolA) (nmol/7) antibodies* titre radioimmunoassay

II
II
II
I
II

II
I
II
I
II

II
I

Firm
Firm
Firm
Firm
Normal
Firm
Firm
Normal
Firm
Firm
Firm
Firm
Firm
Firm
Firm
Firm
Firm
Normal
Normal

Pebbly
Pebbly
Pebbly
Pebbly
Smooth
Pebbly
Smooth
Smooth
Smooth
Pebbly
Pebbly
Pebbly
Smooth
Pebbly
Pebbly
Pebbly
Pebbly
Smooth
Smooth

1 6
0 56
9-2
1-6
2-6
2-9
4-0
3-1
1-7
3-2
1-6
5-0
2-5

80-0
1-1
2-0
0-9
1-3
2-1
0 1-3 0

78-0
76-0
121-0
78-0
78-0
92-0
98-0
76-0
80-0
64-0
74-0
59-0 >
92-0
40-0
76-0
74-0
114-0
98-0
100-0
70-5-140

1-5
1-75
2-0
1-35
2-4
1-8
1-05
1-8
1-9
1-4
2-7
2-4
2-35
2-5
2-65
1-95
2-1
1-8
2-4
1-2-3-1

1:7400
1:7500
1:7900
1:1400
1:5300
1:7150
1:5900
1:21250
1:14350
1:13200
1:1450
1:9160
1:2100
1:50000
1:6250
1:5300
1:6100
1:7500
1:14350

<1:500

1:0
1:102400
1:25600
1:0
1:0
1:0
1:0
1:400
1:0
1:25600
1:0
1:25600
1:0
1:6400
1:0
1:0
1:25600
1:0
1:400

<1:100

*Radioimmunoassay titre.

<17
224
144
<17
<17
<17
<17
34

<17
248
<17
142
<17
86

<17
<17
72

<17
86

<17
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In 14 out of 19 patients the concentrations of
triiodothyronine, thyroxine, and TSH were
within reference values. Three patients
(numbers 10, 12, and 14) had lower concentra-
tions of thyroxine and raised concentrations of
TSH, and patient number 14 had clinical signs
of hypothyroidism. Raised concentrations of
TSH with normal triiodothyronine and
thyroxine in patients number 3 and 7 pointed to
subclinical hypothyroidism. The thyroglobulin
antibody titre was raised in all patients. Because
thyroid microsomal antibodies were demon-
strated by haemagglutination in only eight
patients, they were measured repeatedly by
radioimmunoassay in all 19 patients, but were
again ascertained in the same eight patients.
Echographic appearance of the thyroid (diffuse
hypoechogenicity) and fine needle biopsy
(lymphocytic infiltration) confirmed the diag-
nosis ofJAT in all of the patients.

All patients had normal growth velocity and
the height was in all cases at the 25-90th
centile. In all five hypothyroid patients
(numbers 3, 7, 10, 12, and 14), bone age
corresponded to their chronological age.

GRAVES' DISEASE
Graves' disease was diagnosed in four out of
the total 5462 children examined (giving an
overall prevalence of 0 073%). In three of
these patients, two girls, aged 12 and 18 years,
and one boy aged 17 years, the diagnosis had
been established earlier (in the girls at the age
of 11 years and in the boy at 12 years). All
three had been on methimazole and were
euthyroid at the time of the study. The fourth
(a girl) was diagnosed during the study and
was started on treatment with methimazole.
Exophthalmos was present only in the boy.

BENIGN NODULAR LESIONS
Overall prevalence of benign nodular lesions
was 0.055% (three out of 5462 examined
children). All three of these children had
normal concentrations of thyroid hormones
and TSH, and thyroid antibodies were absent.
Two girls, aged 13 and 14 years, had solitary
cold nodules, which were proved by fine needle
biopsy to be adenomatous. Both of these
children took L-thyroxine, but without signifi-
cant effect three months after starting treat-
ment. The third child, a girl aged 16 years, has
a cyst which has reduced in size after fine
needle biopsy.

Discussion
Simple goitre, described also in the literature
as colloid, non-specific, or idiopathic goitre,
occurs with a range of prevalencies (1 to 6%)
in different populations of children and adoles-
cents.1 2 5 6 The prevalence of simple goitre of
2-8%, the increasing prevalence with age, and
the female to male ratio of 8:1 in our survey,
correspond to the results from other similar
studies carried out in the regions with normal
iodine intake in food.2 67 As in our examined
population we found no evidence of iodine

deficiency (salt is iodised and urinary excretion
of iodine is normal) and no evidence of
goitrogen ingestion or iodine excess in food we
propose dyshormonogenesis as a result of
heterozygosity, the presence of thyroid growth
stimulating antibodies,8 9 or simple incapacity
of the thyroid to respond to increased
metabolic needs in puberty.

In the past 20 years JAT has been more
extensively described, probably due to
advanced diagnostic methods, although a true
increase in its frequency is quite possible. In
any case, it is one of the most frequent thyroid
diseases in childhood. A study among
American schoolchildren showed a JAT preva-
lence of 1 2%,10 1% is found in Finland and
Sweden," 12 0 3% and 0.17% is reported in
Japan.13 14 According to Hung et al out of 77
American children with euthyroid goitre, 43
had JAT.'5 Ling et al found as many as 43
children with JAT among 66 patients with
non-toxic goitre.'6
We have found 0-35% prevalence of JAT in

our population of schoolchildren, and 12/5%
prevalence among children with goitre. The
true prevalence is probably even higher
because: (a) at the very beginning of the disease
not all patients have blood thyroid antibodies
and (b) possibly there are patients with atrophic
autoimmune thyroiditis without goitre, an
otherwise rare form of JAT in children, which
could not be identified in our study for lack of
further examinations. The increased prevalence
ofJAT with age, and the girl to boy ratio of 8:1
in our study correspond with the results of
other investigations,"'15 although it is recog-
nised that the study of Rallison et al identified a
ratio of only 2:1.10 Results of our investigation
regarding the size of the thyroid (I and II stage),
consistency (mostly hard), and surface (pebbly
or smooth), correspond to those found in other
studies.'0 11 17

Regarding the kinds of thyroid antibodies
and their titres in JAT, published results differ.
According to Scherbaum'8 and Amino et al,19
thyroid microsomal antibodies are more
prevalent than thyroglobulin antibodies, but
Ivarrson et al,20 Burek et al,21 and Maagoe
et al 22 have all shown that raised thyroglobulin
antibodies alone are a more specific indication
for JAT. In general, all authors agree that titres
of thyroid antibodies are higher in adults than
in children, in whom they can even be
absent.'0 23 The absence of thyroid antibodies,
according to Belfiore and Bottazzo, should be
considered as false negative in patients in
whom JAT has been confirmed by other tests -
such as fine needle biopsy.24 All of our 19
patients with JAT had high thyroglobulin anti-
body titres (measured by radioimmunoassay,
but thyroid microsomal antibodies (measured
by haemagglutination and radioimmunoassay)
were detected only in eight (that is 42%). It
may be concluded that positive titres of thy-
roglobulin antibodies, even when thyroid
microsomal antibodies are absent, could be
reliable in the diagnosis ofJAT.
JAT is one of the most frequent causes of

acquired hypothyroidism in children.'8 19 Four
of 32 patients in the study of Greenberg et al 17
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and nine of 22 patients in the Mienpaa studyl
were hypothyroid. Fisher et al found a

prevalence of 18-4% for hypothyroidism in all
patients with JAT.25 In the present study of 19
patients with JAT, one had clinical and chemi-
cal (overt), two had chemical, and two had
subclinical hypothyroidism. None had hyper-
thyroidism. All of these hypothyroid JAT
patients had normal growth rates and bone
age. This could be because thyroid insuffi-
ciency was not of long duration. Treatment
with L-thyroxine resulted within three months
in normalisation of plasma concentrations of
TSH, triiodothyronine, and thyroxine in all
five, and a decrease of goitre size in three of
them.

Graves' disease is relatively uncommon in
children. Only 1% to 5% of all patients with
Graves' disease are younger than 16 years.26
The large study of Rallison et al is one of the
few, if not the only, to address the frequency of
childhood thyrotoxicosis.7 In that study of
5179 schoolchildren, the prevalence was

0-13%, almost double the prevalence in our

study on a similar number of children. The
female to male ratio in the study of Rallison et al
was 4:3 compared with our ratio of 3:1, while
other authors mention ratios of 4-6:1.26 27

Although thyroid nodules are unusual in
childhood and adolescence, they demand care-

ful consideration because of the likelihood that
they represent malignancy. Rallison et al found
26 benign nodular lesions and two malignant
neoplasms in 5179 schoolchildren tested.28
Looking at an only slightly greater number of
schoolchildren, we found benign adenomas
numbering only two, and a single instance of a

thyroid cyst. One possible explanation for such
a marked difference in occurrence of these thy-
roid alterations in these two groups could be
the fact that a considerable number of the
American children were exposed to radiation
fallout. This is supported by results of the
study conducted on the general population in
Tecumseh, Michigan, among whom only
0-8% of nodular goitres were found and none

of these in any patient under 19 years.2
It is important to stress that thyroid disease

in our patients was diagnosed before the
time of the study in only a small number of
children (three with Graves' disease, and
four with simple goitre). Because 2-8% of
examined children had thyroid abnormalities
and some even needed treatment, it is neces-

sary to conduct a thorough examination of the
thyroid even in apparently healthy children
in regions where regular iodine intake is
established.
We are grateful to Christopher Crawford and Katica Ivkovic for
their expert assistance in preparing the manuscript.
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