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Summary. Background: clinical and biochemical picture of hyperthyroidism in children may significantly
change according to its etiologies. Objectives: to report the most recent views about epidemiology, pathophysi-
ology, clinical and biochemical course, diagnostic procedures and management of hyperthyroid syndrome in
childhood, according to its different etiologies. Design: Graves’ disease and Hashimoto’s thyroiditis are re-
sponsible for 84% and 12%, respectively, of all the cases of hyperthyroidism in childhood. Hyperfunctioning
thyroid nodules (<3% of cases), TSH-secreting adenomas (~1%) and McCune-Albright syndrome (~1%) are
distinctly less common. The main hormonal and immunological features of all these conditions were sum-
marizes in Tablel, whereas their anamnestic and clinical peculiarities and the diagnostic procedures which
may be useful in the differential diagnosis were reported in Table 2. Conclusions: 1) hyperthyroid syndrome
in childhood may present with very different clinical pictures, which are specifically related to the respective
etiologies; 2) diagnostic procedures and therapeutic management are not the same in the various conditions.
(www.actabiomedica.it)
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List of abbreviations

AITD: autoimmune thyroid disease; DS: Down syndrome;
GD: Graves’ disease; HT: Hashimoto’s thyroiditis; HTN: Hy-
perfunctioning thyroid nodules; Htx: hashitoxicosis; MMI:
methimazole; MRI: Magnetic resonance imaging; MAS: Mc-
Cune-Albright syndrome; RAIU: radioactive iodide uptake;
TRABEs: thyrotropin receptor autoantibodies; T'S: Turner syn-
drome; US: ultrasonography.

Background

Hyperthyroidism is a thyroid dysfunction disor-
der which is characterized, in childhood, by impaired
concentration and school performance, headache,
hyperactivity, fatigue, palpitations and tachycardia,
systolic hypertension, heat intolerance, increased fre-

quency of bowel movements and consequent diarrhea,
weight loss and tremors. All these clinical manifesta-
tions are due to the peripheral effects of the high FT4
serum levels, which reflect a hormone overproduction
by thyroid gland.

Hyperthyroidism is relatively rare in children
(yearly incidence of 8 per 1,000,000 children less than
15 years old and 1 per 1,000,000 children less than
4 years old). Although Graves’ disease (GD) is by far
the most common cause of children’ hyperthyroidism,
nevertheless other pathologies may be less frequently
involved in its etiology and clinical and biochemical
picture of hyperthyroid syndrome may significantly
change according to the different etiologies (Table 1).

The aim of this review is to report the most re-
cent views about epidemiology, pathophysiology, clini-
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Table 1. Hormonal and immunological findings in children with hyperthyroidism according to the different etiologies, whose relative
prevalences (%) are also reported

Disorder FT4° TSH-° TPOAbs* TRABs **  Relative prevalence*
Graves’ disease High Low Positive Positive 84
Hashitoxicosis High Low Positive Negative 12
Hyperfunctioning thyroid nodules High - normal Low Negative Negative <3
TSH-secreting adenomas High High - normal Negative Negative ~1
TSH receptor activating mutations High Low Negative Negative ~1

° Free thyroxine serum levels, °° Thyrotropin serum levels, * Thyroid peroxidase autoantibody serum levels, ** Thyrotropin receptor
autoantibody serum levels, * as cause of hyperthyroidism in children

cal and biochemical course, diagnostic procedures and
management of hyperthyroid syndrome in childhood,
according to its different etiologies.

Graves’ disease

It is the commonest cause of hyperthyroidism,
which is responsible for 84% of pediatric cases (1). It
is a rare disease, at least in childhood, accounting for 1
to 5% of all patients with GD. It may occur at any age
during childhood, but its frequency increases with age,
peaking during adolescence (1). Its prevalence rate in
young people between 10 and 19 years is 1.07%o (2),
that is distinctly lower than that reported for Hashi-
moto’s thyroiditis (HT), i.e. 1.3% (3).

GD is predominant in girls and in the individu-
als with autoimmune thyroid disease (AITD) familial
antecedents. Its development is conditioned by both
genetic and environmental factors (4,5). Another im-
portant risk factor is the predisposition to autoimmun-
ity, as also confirmed by its frequent association with
other autoimmune diseases, such as juvenile idiopathic
arthritis, pernicious anemia, systemic lupus erythema-
tosus, Addison’s disease, celiac disease and vitiligo (6).
The existence of a strong association with type 1 dia-
betes has been questioned (7), whereas the existence of
HT antecedents in the past history of children with GD
has been demonstrated as relatively common (3.7% of
cases) (8). These findings suggest that, in the pediatric
general population, there exists a continuum between
HT and GD within the spectrum of AITDs (8).

Another important risk factor for GD develop-
ment is the association with both Turner syndrome

(TS) (9-14) and Down syndrome (DS) (15-17), i.e.

two chromosomopathies which are known to be asso-
ciated with an increased risk of AITDs (18-21).

From a clinical point of view GD is character-
ized by the common and aspecific manifestations of
thyrotoxicosis. Other more specific signs are thyro-
megaly, which is almost constant, and exophthalmos,
that is detectable in only 20% of cases, at least in our
experience (16), whilst it is generally considered as a
typical clinical sign of GD in adulthood. Ocular signs
are generally less severe in children than in adults (22)
and can be attributed to the inflammation and muscle
swelling rather than to infiltrative disease of the orbit-
al structures (5). As expected,, these signs (lid retrac-
tion and eye proptosis) may spontaneously improve in
most children after euthyroidism restoration (22). Also
pretibial myxedema is more infrequent in children
than in adults (22). Absolutely typical of pediatric GD
is the acceleration of linear growth and bone matura-
tion associated with prolonged hyperthyroidism (23).

A differential diagnosis between GD and the
other causes of thyrotoxicosis is mandatory, consider-
ing that management approach may be extremely dif-
ferent according to the different etiologies. In clinical
practice, the combination of goiter, ocular signs, thy-
rotoxicosis symptoms, positive thyrotropin receptor
autoantibodies (TRABs), in the absence of a nodule
at ultrasonography (US), is virtually diagnostic of GD
(5). The radioactive iodide uptake (RAIU) is very infre-
quently indicated for differential diagnosis and may be
taken into consideration only in the children in whom
a discrete nodule(s) is palpable or evident at US (5).

Although there is currently no evidence-based
strategy for the management of GD in childhood (24),
nevertheless methimazole (MMI) is generally consid-
ered as the first-line therapy, whereas propylthiouracil



222

G. Zirilli, M.R. Velletri, F. Porcaro, et al.

should be avoided, due to the high risk of iatrogenic
hepatitis (24,25). In the patients displaying good
compliance with MMI and no major side effects, this
treatment should be significantly prolonged over time,
in order to potentiate its effects in terms of remission
rates (26). However, if no remission is obtained within
1-2 years of MMI treatment, surgery or 1131 should
be considered for a radical therapy, with the choice ac-
cording to patient’s age (25).

Long-term outcome and sensitivity to pharma-
cological treatment are significantly conditioned by
age, thyroid size, severity of biochemical picture and
TRAB serum levels at GD presentation (24,25). The
association with other autoimmune diseases (7) or T'S
(14) or DS (16) does not seem to be able to signifi-
cantly affect both sensitivity to pharmacological treat-
ment and evolution over time of GD in childhood.

Hashimoto’s thyroiditis

HT is the commonest form of thyroiditis in child-
hood (27) and the most frequent cause of pediatric
thyroid diseases in iodine-replete areas of the world.

In 6.5-13.8% of children HT may present with a
picture of either subclinical or overt hyperthyroidism
(28-31), a condition that is also known as hashitoxico-
sis (Htx). Htx is the second commonest cause of hy-
perthyroidism in children (Table 1), preceded by GD
(32). It is believed to result from unregulated release
of stored hormones during inflammatory-mediated
destruction of thyroid gland at HT presentation. Its
presenting clinical and biochemical manifestations
may be similar to those observed in GD and, therefore,
differential diagnosis between Htx and GD may not
be initially easy, at least if based on only clinical and
biochemical features (33,34). However, the assessment
of TRAB serum levels (that are generally undetectable
in Htx) may be very useful for an early differential di-
agnosis.

Htx next evolution may widely vary in the dif-
ferent cases but is always characterized by a definitive
resolution over time (33,34). In only few cases MMI
treatment may be necessary for a short time, whilst
non-pharmacological therapies are never needed (34).

In the cases presenting with HT-related subclini-

cal hyperthyroidism (suppressed TSH levels with FT4
serum concentrations within normal limits), a spon-
taneous normalization of TSH levels spontaneously
occurs during the first 24 months from diagnosis, as
well as in age-matched children with Htx (35). There-
fore, HT-related subclinical hyperthyroidism and Htx
might be seen as different biochemical stages along the
same continuum (35).

Hyperfunctioning thyroid nodules (HTN)

This is a condition whose prevalence increases
with age achieving its peak after the age of 50 and is
significantly higher in women.

HTNs represent less than 3% of all causes of hy-
perthyroidism in pediatric age (36). In fact, thyroid
nodules in children are generally non-functioning and
the proportion of HTNs in the different pediatric se-
ries of solitary thyroid nodules has been reported to be
very low (36).

The biochemical picture which is most frequently
detected in the children with HT N is subclinical hy-
perthyroidism, that is not compatible with clinically
appreciable alterations of thyroid status. These findings
are not surprising considering that the reason for thy-
rotoxicosis caused by HT'Ns is a slow multiplication
of autonomous follicles, as also substantiated by the
positive relationship between nodular size and severity
of hyperthyroidism, which is known to exist.

Despite the relative rarity of HTNs as cause of
hyperthyroidism in pediatric age, this diagnosis should
be taken into consideration in all the children with a
mild picture of thyrotoxicosis and no thyroid autoim-
munity signs, provided that a discrete nodule is palpa-
ble or evident at US (5). In these cases it is indicated
to perform a gland RAIU, which may evidence either
a hyperfunctioning nodule surrounded by non-fixing
thyroid tissue or an increased uptake at the nodular site
and the remaining thyroid tissue visible on the scan.

Spontaneous resolution of HT'Ns is unlikely and
the possibility of a subsequent toxic evolution needs
to be carefully considered. Moreover, the risk of ma-
lignancy, although remote, cannot be completely ex-
cluded. Therefore, a surgical treatment is indicated not
only in the cases with toxic HTNs, but also in those
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Table 2. Anamnestic, clinical and diagnostic procedure features in children with hyperthyroidism according to the different etiologies

Disorder Familial Personal Goiter Thyroid Thyroid CNS MRI*
history antecedents Us:* RAIU**
of thyroid  of autoimmune
disorders diseases
Graves’ disease + + + hypoechogenic not indicated  not indicated
pattern
Hashitoxicosis + + * hypoechogenic not indicated  not indicated
pattern
Hyperfunctioning thyroid nodules + - * nodular image  hot nodule not indicated
TSH-secreting adenomas - - - not indicated  not indicated pituitary
adenoma

TSH receptor activating mutations - -

not indicated

I+

hypo/isoechoic  not indicated
nodules

*US = ultrasonography, ** RAIU = radioactive iodide uptake, ° CNS MRI = central nervous system magnetic resonance imaging

with HTNs, progressive enlargement of nodules and
subclinical hyperthyroidism. In fact, several cases of
primary carcinoma occurring in HTNs have been re-
ported in the most recent pediatric literature (37-40).

Central hyperthyroidism

A picture of hyperthyroidism may sporadically
occur as consequence of an increased TSH overpro-
duction by unregulated pituitary TSH-secreting cells
(pituitary adenoma). In children the commonest hor-
monally active pituitary adenoma is prolactinoma, fol-
lowed in order of frequency by the non-functioning
(non-secreting) adenoma, ACTH-secreting adenoma
and GH-secreting adenoma (41). TSH-secreting pi-
tuitary adenomas are very rare especially in childhood
(42) and biochemical analysis shows in these cases
an elevated FT4 serum level with a non-suppressed
or high TSH (Table 1). Magnetic resonance imaging
(MRI) is the gold standard neuroradiological investi-
gation for diagnosis of pituitary adenomas (Table 2)
and for differential diagnosis between microadenomas
and macroadenomas (43). Surgery is the only available
therapy for TSH-secreting adenomas, whereas phar-
macological therapies may be effective in the manage-
ment of prolactinomas and GH-secreting pituitary
adenomas (43).

McCune-Albright syndrome (MAS)

In children with MAS thyroid alterations are
known to occur in 31% of cases (44). In only 11.1%,
however, a picture of hyperthyroidism may be observed
(44). Therefore, MAS is a very uncommon cause of
hyperthyroidism in childhood, although thyropathy
is the second most frequent endocrinopathy in chil-
dren with MAS, preceded by precocious puberty (45-
47).

The pathogenesis of MAS-related hyperthy-
roidism is the constitutive activation of Gsa protein
in thyroid tissue that leads to cAMP overproduction
stimulating growth of thyrocytes and F'T'4 hypersecre-
tion (44). A pathogenetic role of autoimmunity or pi-
tuitary activation can be excluded (44).

The typical picture that is observed in the children
with MAS-related hyperthyroidism is a micronodular
goiter evolving, over time, into a nodular goiter with a
bigger hypo/isoechoic nodule, inhomogeneous gland
structure and diffuse hypervascularization (44). Phar-
macological treatment, with lower MMI doses than
those needed in GD, gives a satisfactory, albeit not de-
finitive, remission of hyperthyroidism (44).

On overall, anamnestic, clinical and diagnostic
procedure features in children with hyperthyroidism
according to the different etiologies are summarized

in Table 2.
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To conclude: 1) hyperthyroid syndrome in child-
hood may present with very different clinical pictures,
which are specifically related to the respective etiolo-
gies; 2) diagnostic procedures and therapeutic man-
agement are not the same in the various conditions.
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