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AbstrAct

ObsectIve: chronic autoimmune thyroiditis (At) is the most common cause of thyroid dis-
ease in children. the aim of the study was to define the epidemiological clinical and laboratory 
characteristics of children and adolescents with At. DesIGN: various parameters including 
thyroid ultrasonography of 228 children and adolescents aged 10.2±2.5yrs (mean±sD) with 
At, who attended our Pediatric endocrine Unit during a 5-year period were retrospectively 
analysed. resULts: 191 (83.8%) were female and 142 (62.3%) were pubertal. At At diagnosis, 
130 children (57.0%) were euthyroid, 75 (32.9%) had subclinical hypothyroidism, 19 (8.3%) had 
hypothyroidism and 4 (1.8%) had hyperthyroidism. there was a positive correlation between 
thyroid stimulating hormone (tsH) levels and thyroid volume sDs (r=0.15, p=0.02). sixty-
three children (28%) had a goiter and 32 (14%) had thyroid nodules. three children (1.3%) had 
papillary thyroid carcinoma. compared to euthyroid children, children with hypothyroidism 
were younger (9.2±1.8 vs 10.6±2.4yrs, p<0.05) and had higher thyroid volume sDs (3.1±1.9 
vs 1.2±1.2, p<0.05) and higher prevalence of goiter [11(57.9%) vs 29(22.3%), p<0.05]. cON-
cLUsIONs: children and adolescents with At are mostly asymptomatic; the majority are 
female, pubertal and euthyroid. Hypothyroid children with At have higher thyroid volume, 
higher prevalence of goiter and higher antithyroid antibodies titers compared to euthyroid 
children. Diagnosing At at an early stage offers the opportunity for a timely intervention. 
the potential association of At with papillary thyroid carcinoma is an additional reason for 
a careful follow-up of the patients with At. 
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INTRODUCTION

Chronic autoimmune thyroiditis (AT) is charac-
terised by the presence of thyroid autoantibodies in 
serum and has a varying prevalence according to the 
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criteria used for diagnosis, the ethnicity, the iodine 
status, the age and the gender;1 it has been reported 
that approximately 10-13% of most populations 
have positive thyroglobulin autoantibodies (TgAb) 
or thyroid peroxidase (TPO) autoantibodies.2-6 ΑΤ is 
the most common cause of thyroid disorder among 
children and adolescents and has a wide spectrum of 
clinical manifestations and a variable clinical course.6-13 
Among Greek children, the prevalence of positive 
thyroid autoantibodies is estimated to be between 
4-10%, the prevalence of goiter 3.2%, the prevalence 
of thyroid nodules 5.1% and the prevalence of altered 
thyroid echostructure approximately 9%.14-16 Studies 
assessing iodine status among Greek schoolchildren 
have shown iodine sufficiency.14,15 Almost one decade 
after the elimination of iodine deficiency in Greece, 
there has been an increase in the prevalence of au-
toimmune thyroiditis.11 The epidemiological and 
clinical characteristics of AT among children differ 
widely in the various studies.6,7,17-20

The aim of the present study was to analyse ret-
rospectively the epidemiological, clinical and labora-
tory characteristics of children and adolescents with 
AT attending a large Pediatric Endocrinology Unit 
in Athens, Greece. We assessed 228 children and 
adolescents with AT using, in addition to clinical 
and laboratory parameters, thyroid ultrasonography. 

sUBjeCTs aND meThODs

Between January 2001 and December 2005, 228 
children with AT attended the outpatient pediatric 
endocrinology clinic of our hospital and entered the 
AT database. Inclusion criteria were positivity for at 
least one of the antithyroid antibodies [thyroglobulin 
(anti-TgAb) or TPO autoantibodies (anti-TPOAb)] 
and hypoechogenicity on thyroid ultrasound scan. 
Among these children, 29 had been diagnosed as 
having AT between 1996 and 2000 and were followed 
up between 2001-2005, 19 were diagnosed as having 
AT in the year 2001, 37 in the year 2002, 28 in the 
year 2003, 56 in the year 2004 and 59 in the year 2005.

Groups with a high prevalence of AT, such as 
children with Turner syndrome, Down syndrome 
(trisomy 21) and type 1 diabetes, were excluded from 
the study. Children with Graves’ disease and children 
with secondary causes of thyroid dysfunction, such as 

those who had undergone cervical radiotherapy for 
cancer, were also excluded. Children who dropped 
out of the clinic before investigations were completed 
were not included in the database. 

The main reasons for referral of these children 
were investigation of growth (n=52 (23%) or thyroid 
enlargement (n=42 (18%) and/or a family history of 
thyroid disease (n=39 (17%) (Table 1). 

Assessment involved personal and family history 
for thyroid disease and other autoimmune diseases, 
anthropometry [height, weight, body mass index 
(BMI) and pubertal status], thyroid function tests and 
thyroid ultrasound scan. Pubertal status was assessed 
using Tanner staging. The study was approved by the 
faculty of medicine Athens Medical School.

Free triiodothyronine (FT3), free thyroxin (FT4) 
and thyroid stimulating hormone (TSH) were meas-
ured by electrochemiluminescence immunoassay 
(ECLIA) (Roche Diagnostics, Elecsys 2010 immuno-
assay analyzer). During the study period the method 
of detecting thyroid autoantibodies in our laboratory 
was changed. Until 2002 the method of measuring 
Anti-TPOAb and anti-TgAb was by the passive haem-
maglutination test being characterized as positive or 
negative. Subsequently, thyroid autoantibodies were 
measured by chemiluminescence (Nichols Institute 
Diagnostics, San Juan Capistrano, USA), the normal 
values being for anti-TPOAb <2IU/ml and for anti-
TgAb <1IU/ml. Since the method of detecting thyroid 
autoantibodies changed in our laboratory during the 
study period, we have not been able to accurately assess 

table 1. Reasons for referral of children with autoimmune thyroid 
disease to our Pediatric Endocrine Clinic

n     (%)

Investigation of growth  52 (23)

Thyroid enlargement  42 (18)

Family history of thyroid disease  39 (17)

Obesity  22 (10)

Abnormal thyroid function tests or positive 
thyroid autoantibodies on a routine check-up

 20 (9)

High cholesterol values  11 (5)

Various signs or symptoms like tachycardia, 
bradycardia, alopecia, vitiligo

 42 (18)
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ResUlTs

Patients’ characteristics at diagnosis of AT are 
shown in Table 2. Among the 228 children, 122 
(53.5%) had strongly positive anti-TPOAb, 91 (39.9%) 
had strongly positive anti-TgAb and 62 (27.2%) 
had strongly positive anti-TPOAb and anti-TgAb. 
Thyroid volume in the whole group was 7.9±4.0 ml 
and thyroid volume SDS was 1.4±1.5. There was a 
positive correlation between TSH levels and thyroid 
volume SDS (r=0.15, p=0.02). Sixty-three children 
(28%) had goiter. Thyroid nodules were present in 32 
(14%) children with AT (15 of whom had a goiter); 
13 of them had nodules ≥1cm and underwent FNA. 

differences in the degree of positivity. We, however, 
arbitrarily considered as strongly positive antibody 
titres 10 times above the normal range. 

The children were classified as subclinical hypothy-
roid if they had elevated serum TSH (normal range 
0.4–5 mIU/ml), normal serum FT3 (normal range 
2.40–5.00 pg/ml) and FT4 (normal range 0.80-2.00 
ng/dl) and as hypothyroid if they had elevated serum 
TSH and low serum FT4.

Thyroid ultrasound

Thyroid volume and morphology were deter-
mined by two experienced ultrasonographers (M.V. 
and C.K.) of our Hospital using a high-resolution 
ultrasound scan (Phillips ΗDI 3000 ATL, Bothell, 
WA, USA), equipped with a 5-10 MHz linear-array 
probe. Examinations were performed in a supine 
position with the neck hyperextended. The length 
(l), width (w) and depth (d) of each thyroid lobe 
(in centimetres) were measured on transverse and 
longitudinal scans. The volume of each thyroid lobe 
(in millilitres) was estimated by the modified formula 
of the rotation ellipsoid, Vol(ml)= 0.479 x d x w x l. 
The thyroid volume was defined as the sum of the 
volumes of both lobes, without including the isthmus.21 
For assessment of thyroid volume SDS, the following 
formula was used: thyroid volume SDS = measured 
volume-mean predicted volume for age and sex/SD.15 
Patients were considered to be goitrous if they had a 
thyroid volume SDS greater than 2.0.

The ultrasonographic diagnosis of hypoechogenic-
ity was carried out by subjectively assessing the thyroid 
echogenicity in reference to the strap muscle of the 
neck.22 The presence of nodules (>0.5 cm in size) 
was also recorded. A fine needle aspiration (FNA) 
was performed in all children who had a nodule 
diameter ≥1cm.

Statistics

Data are presented as mean ± SD. Statistical 
analyses were performed using SPSS 11.0 for Windows, 
using the student’s t- test for comparison between 
two groups, ANOVA to compare means between 3 
groups, the χ2 test (r x c contingency table) to analyse 
quantitative values and the Pearson correlation test 
to measure the proximity of the association of two 
variables.

table 2. Characteristics of the 228 children at the time of diagnosis 
of autoimmune thyroiditis (AT)

Gender n (%)
female 
male

191 (83.8) 
37 (16.2)

Pubertal status n (%)
- prepubertal (Tanner I)
- pubertal (Tanner II-IV)

86 (37.7)
142 (62.3)

Age in years (mean±SD) 10.2±2.5 (range 3.3-15.3)

Ethnicity
Greek
Albanian
German

218
9
1

Autoimmune disease other than 
AT n (%)

rheumatoid arthritis:
vitiligo:
alopecia:

15 (6.6)

6 (5 girls, 1 boy)
7 girls 
2 girls

Family history of thyroid disease 
in a first degree relative n (%)

174 (76.3) 

Family history of autoimmune 
disease other than AT in a first 
degree relative n (%)

20 (8.8) 

Thyroid hormone status n (%)
euthyroid:
subclinical hypothyroidism: 
hypothyroidism:
hyperthyroidism (Hashitoxicosis):

130 (57.0)
75 (32.9)
19 (8.3)
4 (1.8)

*Goiter n (%) 63 (28)
*Thyroid nodules n (%) 32 (14)

*The prevalence of goiter and thyroid nodules in the general 
pediatric population in the same geographic region is 3.2 and 
5.1%, respectively.15
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Three of these children (1.3% of children with AT) 
who were diagnosed by FNA as having papillary thy-
roid cancer underwent thyroidectomy and histology 
confirmed the presence of papillary thyroid cancer.

The characteristics of the studied subjects ac-
cording to the thyroid function status are shown 
in Table 3. Age was significantly different between 
groups (Table 3) children with hypothyroidism were 
almost one year younger than euthyroid children 
(p<0.05). Pubertal status was significantly different 
between groups. The majority of euthyroid children 
were pubertal, whereas the majority of children with 
hypothyroidism were prepubertal (p<0.05). Thyroid 
volume, thyroid volume SDS and the prevalence of 
goiter were significantly different between the three 
groups; all these parameters were higher in children 
with hypothyroidism compared to euthyroid children 
(p<0.05). There was no difference in the prevalence 
of thyroid nodules, gender distribution, height SDS, 
BMI SDS, prevalence of an autoimmune disease 

other than AT, prevalence of family history of thyroid 
disease in a first degree relative and prevalence of an 
autoimmune disease other than AT in a first degree 
relative between the three groups. The prevalence of 
thyroid dysfunction did not differ by reason of referral.

Children with hypothyroidism (n=19) compared 
to euthyroid and subclinical hypothyroid children 
(n=205) had significantly higher prevalence of strongly 
positive anti-TPOAb [17 (89.5%) vs 102 (49.8%), 
χ2=11.02, p=0.0009)] and of strongly positive both 
anti-TPOAb and anti-TgAb [9 (47.4%) vrs 51 (24.9%), 
χ2=4.48, p=0.003]. There was no significant differ-
ence in the prevalence of strongly positive anti-TgAb 
between the two groups euthyroid vs subclinical 
hypothyroid [10 (52.6%) and 79 (38.5%), χ2=1.44, 
respectively, p=0.23]. 

DIsCUssION 

This is a retrospective study aiming to investigate 

table 3. Characteristics of euthyroid, subclinically hypothyroid and hypothyroid children with AT, at diagnosis. The 4 children with hyper-
thyroidism are not included in this analysis. NS: non significant

euthyroid
(n=130)

subclinical  
hypothyroidism 

(n=75)
Hypothyroidism

(n=19)

p value for 
comparison 

between groups 

Age in years (mean±SD) 10.6 ± 2.4 10.2 ± 2.5 9.2 ± 1.8 <0.05

Gender
- female n (%)
- male n (%)

109 (83.8) 
21 (16.2) 

64 (85.3)
11 (14.7)

15 (78.9) 
4 (21.1) 

NS

Height SDS (mean±SD) 0.9 ± 1.2 0.6 ± 1.3 1.5 ± 1.0 NS

BMI SDS (mean±SD) 0.9 ± 1.1 0.9 ± 1.3 0.3 ± 1.3 NS

Pubertal status
- prepubertal n (%)
- pubertal n (%)

39 (30.0) 
91 (70.0) 

34 (45.3) 
41 (54.7) 

12 (63.2) 
7 (36.8) 

<0.01

Autoimmune disease other than AT n (%) 11 (8.5) 4 (5.3) 0 (0) NS

Family history of thyroid disease in a first degree relative 
n (%)

97 (74.6) 59 (78.7) 15 (78.9) NS

Family history of autoimmune disease other than AT in 
a first degree relative n (%)

11 (8.5) 6 (8.0) 2 (10.5) NS

TSH (IU/L) (mean±SD) 2.7 ± 1.1 7.8 ± 3.2 55.2 ± 34.0 <0.01

Thyroid volume in ml (mean±SD) 7.6 ± 3.4 7.5 ± 3.8 12.3 ± 5.7 <0.01

Thyroid volume SDS (mean±SD) 1.2 ± 1.2 1.3 ± 1.5 3.1 ± 1.9 <0.01

*Goiter n (%) 29 (22.3) 22 (31.5) 11 (57.9) <0.01

*Nodules n (%) 17 (13.1) 11 (14.7) 3 (15.8) NS

*The prevalence of goiter and thyroid nodules in the general pediatric population in the same geographic region is 3.2 and 5.1%, 
respectively.15
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clinical and laboratory characteristics at diagnosis 
of 228 children and adolescents with AT examined 
in our Pediatric Endocrine Unit during a 5-year 
period. Most of the subjects were asymptomatic, 
the majority were female and pubertal, 6.6% had 
another autoimmune disease, 76.3% had a family 
history of thyroid disease in a first degree relative 
and 8.8% had a family history of autoimmune disease 
other than AT in a first degree relative. Of the whole 
group, 57.0% were euthyroid, 32.9% had subclinical 
hypothyroidism, 8.3% had hypothyroidism and 1.8% 
had hyperthyroidism. Goiter was present in 28% of 
patients and 14% had thyroid nodules. Three chil-
dren (1.3%) had a papillary thyroid carcinoma. As 
expected, a positive correlation between TSH levels 
and thyroid volume SDS was observed, since TSH is 
a major determinant of thyroid growth. Children with 
hypothyroidism were almost one year younger than 
euthyroid children; the majority of children with hy-
pothyroidism were prepubertal, whereas the majority 
of euthyroid children were pubertal. Children with 
hypothyroidism had higher thyroid volume, thyroid 
volume SDS and prevalence of goiter than euthyroid 
children and children with subclinical hypothyroid-
ism. Our study has the advantage of assessing a large 
number of children with AT using thyroid ultrasonog-
raphy, which is an objective method for estimation of 
thyroid volume. The limitation of our study was the 
inability to accurately define antibody titres, because 
the method of detecting thyroid autoantibodies was 
changed in our laboratory during the study period. 
However, assuming as strongly positive thyroid anti-
bodies those 10 times above the normal range (with 
either method of antibody detection), we have been 
able to show that hypothyroidism was associated with 
the presence of strongly positive anti-TPOAb (as 
previously observed)17 and of strongly positive both 
anti-TPOAb and anti-TgAb. 

The most common reasons for referral in our 
study were investigation of growth (not necessarily 
abnormal growth), thyroid enlargement and a family 
history of thyroid disease. It should be clarified, how-
ever, that according to the health system in Greece, 
in contrast to other countries, there is easy access 
to specialised clinics and most children seen in our 
Pediatric Endocrine units are self referrals (usually 
due to parental concerns) and to a lesser extent refer-

rals from primary care physicians. In other studies 
assessing children with AT, the reasons for referral 
are somewhat different, since tertiary centres accept 
referrals mostly from primary health centres; the most 
common reason for referral in these studies being 
enlargement of the thyroid and symptoms related to 
thyroid dysfunction.17-20 In the majority of our patients 
in whom AT was diagnosed, clinical symptoms were 
not present and only a few children were assessed on 
the basis of strong clinical suspicion. We observed 
a trend towards an increasing number of children 
with AT attending our outpatient clinic during the 
study period; it is not known whether this is due to 
a progressively increasing prevalence of the disease 
in Greece or to an increasing awareness on the part 
of parents and primary care physicians. 

In recent years there have been several studies as-
sessing clinical and epidemiological characteristics of 
children and adolescents with AT (Table 4). In these 
studies the ethnic background, referral strategies, 
entry criteria, study design and number of subjects 
assessed are variable. The children in our study at 
diagnosis were mostly euthyroid, as were children 
with AT in an Italian study23 and in the high risk 
(children with type 1 diabetes, Turner syndrome, 
Down syndrome) asymptomatic group described by 
DeBoer et al.19 However, the prevalence of euthy-
roidism among children with AT in other studies is 
lower.17-20,24 The prevalence of goiter in our cohort 
was 28%; DeBoer et al observed a prevalence of 
10% among the high risk asymptomatic group with 
AT whereas in other groups of mostly symptomatic 
children with AT the prevalence of goiter varied from 
55 to 100%.17-20,24 The low prevalence of goiter in our 
group could be attributed to the fact that our cohort 
primarily included asymptomatic euthyroid children. 
The prevalence of thyroid nodules was 14% in our 
patients and 1.3% had papillary thyroid cancer. Cor-
rias et al found thyroid nodules in 31.5% of Italian 
children with AT and 3.0% were diagnosed as having 
papillary thyroid cancer.23 Although thyroid cancer is 
an uncommon childhood malignancy with a reported 
incidence 0.5 to 1.2 per million, our data and those 
previously reported25 suggest that the prevalence 
of papillary thyroid carcinoma is higher in children 
with AT, a finding which may have an impact on the 
management and follow-up of patients with AT.26,27
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We also observed a significant difference in the 
prevalence of goiter between subgroups: among the 
hypothyroid children the prevalence of goiter was 
a high as 57.9%, whe reas it was much lower among 
the euthyroid children (22.3%). The children with 
hypothyroidism were mostly prepubertal and younger 
and had higher thyroid volume, thyroid volume SDS 
and prevalence of goiter than euthyroid children, 
suggesting that they were at an advanced stage of the 
disease at an earlier age. De Vries et al found that 
the prevalence of goiter (detected by palpation) was 
significantly higher (92%) in the euthyroid group, 
compared to the prevalence (66%) in the subclini-
cal hypothyroid and the hypothyroid group (76%).20 
Svensson et al found a comparable prevalence of 
goiter among euthyroid, subclinically hypothyroid 
and hypothyroid children assessed by ultrasound.23 

Discrepancies between studies may be due to 
different methods of assessing goiter and thyroid 
nodules (thyroid ultrasonography is now considered 
superior for estimating thyroid size to palpation),28 
differences in the genetic background of the study 
population, but also to differences in the referral 
strategies. The referral system in Greece, allow-
ing access to specialised clinics, not on the basis of 
clinical suspicion by the primary physician care but 
mainly on parent’s concerns, is probably a significant 
determinant of the characteristics of our study cohort; 
the majority of children were asymptomatic and only 
a few (8.3%), younger and mostly prepubertal, had 
overt hypothyroidism, even though the prevalence of 
overt hypothyroidism increases with age. Probably the 
children who were hypothyroid at initial recognition 
of AT had a more severe disease, this also deduced 
by the higher prevalence of thyroid auto-antibodies 
in this subgroup.

Similarly to our study, in all previous studies as-
sessing AT in a pediatric population, there is a female 
preponderance, the prevalence of female gender 
being approximately 80-86% in most studies.17,18,20,24 
The reasons for the increased prevalence of AT and 
other autoimmune diseases in females has long been 
recognized but the underlying mechanisms remain 
unknown. Female hormones, environmental factors 
and genetic predisposition, including skewing of the 
X-chromosome inactivation, have been implicated.29,30 

In conclusion, children and adolescents with AT 
are mostly asymptomatic at the time of diagnosis, 
the majority of subjects being female, pubertal and 
euthyroid. The prevalence of goiter among these chil-
dren is 28%, of thyroid nodules 14% and of papillary 
thyroid cancer 1.3%. Most children with AT (76%) 
have a positive family history of thyroid disease. The 
hypothyroid children of our cohort had higher thyroid 
volume and higher prevalence of goiter and tend to 
have higher anti-thyroid antibodies than euthyroid 
children. Diagnosing AT at an early stage offers the 
opportunity for a timely intervention. The potential 
association of AT with papillary thyroid carcinoma 
is an additional reason for a careful follow-up of 
patients with AT.
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