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Abstract

Context: Thyroid hormones can affect the development and function of the central nervous system and various other organs. As
such, the pathologic excess of these hormones, known as thyrotoxicosis, can be the source of significant damage during childhood
and adolescence. The objective of this study was to review the management of Graves’ disease (GD) in the pediatric age group,
especially concerning long-term antithyroid drug (ATD) treatment.
Evidence Acquisition: A thorough search of literature published from 1980 to 2019 was performed in PubMed only for English
language literature. The following key terms were used: “Graves’ disease, hyperthyroidism, thyrotoxicosis in children, thyrotox-
icosis remission, thyrotoxicosis relapse, definite therapy, radioactive iodine, thyroidectomy, anti-thyroid drugs, propylthiouracil,
methimazole, and carbimazole”. We also did a thorough search in review articles, observational studies, open-label/controlled
randomized/non-randomized trials, and meta-analyses, as well as the articles cited by textbooks, chapters, and review articles, which
led us to locate older sources of information on the topic.
Results: More than 90% of thyrotoxicosis in the pediatric age group is attributable to GD. A host of strategies, including ATDs, ra-
dioiodine therapy, and surgery, are employed to treat this entity. However, there is still significant controversy regarding the most
optimal strategy. Current evidence suggests that ATDs are the best initial treatment in pediatric patients with GD. Although ATDs
are widely used, the duration of their administration is controversial and varies significantly between protocols. A major problem
is the high relapse rate (up to 70%), but extending the duration of such treatment could potentially bring the remission rate up to
88%. Indications for using radioactive iodine treatment include the lack of remission following years of receiving ATDs, poor com-
pliance, and the emergence of a major side effect. In pediatric patients aged five-years-old or younger who suffer from very large
goiter, severe ophthalmopathy, and persistent hyperthyroidism, as well as those with the lack of response to or showing adverse
effects of ATDs, it is advisable to consider total or near-total thyroidectomy.
Conclusions: Antithyroid drugs are the mainstay of treatment of juvenile GD, and long-term methimazole therapy increases the
remission rate in pediatric GD.
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1. Context

The term “thyrotoxicosis” is used to denote a surplus of
thyroid hormones in circulation regardless of the source
(1). Although the condition is not prevalent in childhood,
it is a disorder with potentially grave consequences when
afflicts a child (2). The most common cause of thyrotoxi-
cosis in childhood is Graves’ disease (GD), which is caused
by an autoimmune process during which autoantibodies
stimulate the thyrotropin (TSH) receptor. With a preva-
lence of 0.02% in childhood, GD in pediatric patients com-
prises less than 5% of the total number of people afflicted
with this disease, while 2% of females and 0.2% of males

in the adult population suffer from GD (3, 4). Other con-
ditions that could cause transient thyrotoxicosis are using
thyroid hormones acutely or for longer durations, acute
or subacute thyroiditis, and chronic lymphocytic thyroidi-
tis. Some rare causes of thyrotoxicosis include McCune-
Albright syndrome, mutations in the TSH receptor gene,
both germline and gain-of-function, which could be seen
in association with toxic nodules and diffuse hyperplasia,
TSH-secreting pituitary tumors, and thyroid hormone re-
sistance (Box 1).

Despite the availability of literature, there is still con-
troversy regarding the optimal treatment of GD in the pe-
diatric age group (5-7). Currently, antithyroid drugs (ATDs)
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Box 1. Causes of Thyrotoxicosis in Children

Causes of Thyrotoxicosis

- Graves’ disease

- Autoimmune neonatal hyperthyroidism (passage of maternal TRAbs across
the placenta)

- Thyroiditis

Subacute thyroiditis

Chronic lymphocytic thyroiditis (Hashimoto’s disease)

- Exogenous causes

Exogenous thyroid hormone (acute or chronic)

Iodine-induced hyperthyroidism (iodine, radiocontrast agents,
amiodarone)

- Autonomous functioning nodules

Somatic activating mutation of Gsα (McCune-Albright syndrome)

Somatic activating mutation of the TSH receptor gene

Toxic adenoma

Hyperfunctioning papillary or follicular carcinoma

- Congenital activating mutations of the TSH receptor gene (hereditary or de
novo) (congenital hyperthyroidism)

- Selective pituitary resistance to thyroid hormones

- TSH-secreting pituitary tumors

Abbreviations: TRAb, thyroid hormone receptor antibody; TSH, thyroid stimu-
lating hormone

along with Radioactive Iodine (RAI) and subtotal or near-
total thyroidectomy are the modalities used more com-
monly in the treatment of GD. Each of these options is as-
sociated with certain complications, and no specific cure
is available for this disease. Many guidelines are avail-
able for the treatment of hyperthyroidism (8-10). However,
there is considerable variation among countries in terms
of policies for the management of GD. Factors that can
affect these strategies are age, patient preference, goiter
size, disease severity, local resources, and tradition among
physicians. Similar to other rare diseases, guidelines, and
evidence-based strategies for managing GD in children are
lacking (4, 11, 12). Most patients are initially treated with
ATDs; however, one aspect of using ATDs in the manage-
ment of thyrotoxicosis in children is controversial: the lit-
erature is not conclusive regarding the length of time that
these drugs should be continued. Due to the relatively long
history of using ATDs in the past decades, a great deal is cur-
rently known about various aspects of these medications
(13). Although most guidelines recommend using ATDs as
the first-line treatment, the high rate of relapse (up to 70%)
after remission following the first course of therapy is a
major challenge. Using ATDs for longer durations could
potentially bring the remission rate up to 88% (14, 15). This

article aimed to review the overall management of juvenile
GD with more emphasis on recent progress on long-term
ATD therapy for pediatric age groups.

2. Evidence Acquisition

To acquire the relevant evidence for drafting this narra-
tive review, a thorough search of literature published dur-
ing a period from 1980 to 2019 was performed in PubMed
only for English language literature. The following key
terms were used for this search: “Graves’ disease, hyper-
thyroidism, thyrotoxicosis in children, thyrotoxicosis re-
mission, thyrotoxicosis relapse, definite therapy, radioac-
tive iodine, thyroidectomy, anti-thyroid drugs, propylth-
iouracil, methimazole, and carbimazole”. Observational
studies, clinical trials, randomized controlled trials, meta-
analyses, and reviews were all used to compile the litera-
ture to be assessed. To locate impactful older research, we
used the list of references provided in book chapters and
review articles.

3. Results

3.1. General Management of Juvenile Graves’ Disease

There are no clear-cut, and simple therapies for GD, and
the process of its management usually entails a complex
decision that is not easy to make (16, 17). Currently, avail-
able management options do not lead to a cure and are lim-
ited due to the complications they could cause (18-21). An-
tithyroid drugs (methimazole = MMI and propyl-thiouracil
= PTU), radioactive iodine (RAI), and surgery are the main
treatment options for GD (22). Although the use of both
ATDs and RAI is based on significant and long-standing ex-
perience, there is still no clear reasoning process through
which a clinician can choose one or the other (23, 24). A
high rate of relapse of hyperthyroidism upon discontinua-
tion of the medication is a major challenge associated with
treating GD patients with ATDs (25). On the contrary, ATD
treatment is considerably more convenient compared to
other options and has the advantage of not compromising
thyroid function. Therefore, using this group of drugs at
lower doses for the long-term could potentially be a viable
alternative approach for the successful management of GD
(26). Based on this notion, it has been suggested that in-
stead of two-year cycles of treatment with ATDs, GD in chil-
dren can be managed effectively with continuous methi-
mazole (MMI), leading to gradual remission. It is also ad-
visable to suggest low-dose long-term ATDs as a therapeu-
tic option that could lead to euthyroidism and potentially
remission (27). It should be mentioned that despite the
mentioned benefits and potentially favorable compliance
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profile, ATDs carry the risk of some minor adverse events
(such as rash, arthralgia, and gastric upset) and major but
rare (less than 5%) reactions of agranulocytosis and hep-
atotoxicity (26). Moreover, these medications, especially
PTU, can lead to a certain type of ANCA-associated vasculitis
when used for longer durations in pediatric populations
(28). Therefore, PTU is not recommended for treating pedi-
atric GD. Several studies with various designs in different
settings have investigated the aspects of managing GD in
pediatric populations using ATDs. Some research investi-
gated the factors predicting remission with ATD treatment
(29, 30). These studies, however, are few and far between
with variable results. A study by Kaguelidou et al. found
that one complete course of ATDs could incur the risk of
relapse that was associated with ethnicity, age, and disease
severity at diagnosis (29). Another study by Kourime et
al. from Scotland (30) analyzed the data of 66 children
(median age 11.8 years) who were diagnosed with GD be-
tween 1989 and 2012 and treated with ATDs. Twenty-seven
patients stopped ATDs for second-line treatment, and one
patient never stopped ATDs. Among those who had remis-
sion (n = 35), the duration of therapy was < 3 years in 12
patients and > 3 years in 23 patients, and the follow-up was
performed for a median of 11.8 (2.6 - 30.2) years. Seven of 12
children and 13 of 23 children had remission after ATD was
given for < 3 years and > 3 years, respectively. Addition-
ally, this study suggests that it would be extremely diffi-
cult to set a specific interval for discontinuing ATD because
there is extreme variability in the time required for GD to
go into remission. More recently, in an attempt to estab-
lish one such predictive factor that could potentially pre-
dict the early response to MMI, Hwang et al. (31) conducted
a retrospective single-center study in South Korea in pedi-
atric GD patients from 1993 to 2013 and concluded that fol-
lowing the initiation of treatment with MMI in children
with GD, the levels of T3 normalized sooner in those with
higher anti-microsomal antibody titers than in those with
lower titers (2.53 months vs. 6.18 months, P < 0.05). Their
results showed that age, sex, family history of thyroid dis-
eases, thyroglobulin, thyroid-stimulating immunoglobu-
lin, or antithyroglobulin antibody did not correlate with
the time of normalization of T3, fT4, and TSH. The effect of
age at the start of treatment with ATDs and how the dose
and duration of ATDs should be adjusted accordingly have
also been studied. The published reports indicated that
pre-pubertal children would require different doses and
longer durations of treatment to achieve remission (14, 15,
32).

Although some aspects of ATDs use in treating GD in pe-
diatric populations are investigated, as mentioned before,
GD in children and adolescents is a rare disease, and many
details of its management lack the acceptable levels of ev-

idence. One such crucially important detail is the dura-
tion of ATD treatment as two recent meta-analyses strongly
suggested that long-term treatment with ATDs, defined as
a duration of treatment longer than 12 - 18 months, could
lead to “cure” of GD hyperthyroidism safely (33, 34). In this
context, “cure” is regarded as the “maintenance of health
like it was before the disease process started” and is of im-
portance in the setting of GD as it affects the lives of pa-
tients for considerably long periods. As such, long-term
ATD treatment is not to be viewed only as a modification of
a current therapy and should be considered an alternative
treatment strategy. Although the above-mentioned stud-
ies focused on adult populations, it is equally important to
be cognizant of the potentials of such treatment strategies
for GD in pediatric populations, as these patients will have
to live much longer periods of their lives with this disease
and relevant treatments. This necessitates a closer analysis
and review of studies investigating this aspect of ATD treat-
ment in children and adolescents.

3.2. Long-TermAntithyroidDrugTreatment inChildrenandAdo-
lescents

Prospective long-term clinical studies to assess remis-
sion rates in pediatric GD following short- and long-term
ATD therapy are lacking, and little is known about long-
term outcomes of such strategies. Only few studies are
them up for a median duration of 10.4 (9.0 - 12.1) years. This
study intended to find and treat children with GD who re-
ceived three consecutive two-year courses of carbimazole
treatment. The duration of remission of at least 18 months
after one complete course of ATDs was chosen as the main
outcome measure. In this study, there was an increase in
the overall remission rates 18 months after discontinuing
ATDs. The rates (95% confidence intervals) after four, six,
eight, and 10 years were 20% (13% - 26%), 37% (29% - 45%),
45% (35% - 54%), and 49% (40% - 57%), respectively. Overall,
the estimated rate of relapse of hyperthyroidism two years
after finishing the first course of ATDs was 68%. A few stud-
ies have reported over four years of ATD treatment in chil-
dren and adolescents. In one study, Barrio et al. reported
data of 20 children and adolescents with GD who received
ATDs for as long as six years (36). All children were treated
with ATDs as the first therapeutic option and were followed
up for a mean duration of 13.8 ± 5.5 years. Low doses of
ATDs led to long-term remission (mean treatment time 5.4
± 1.4 years) in 40% of patients in this study. None of the
patients requiring high doses of ATDs to maintain euthy-
roidism achieved long-term remission and were treated
with radioactive iodine and/or thyroidectomy. Later, Sato
et al. studied 60 GD children and adolescents who received
ATDs for a median of 5 ± 2.1 years after diagnosis (23). This
study was designed to compare children and adolescents
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with GD who received propylthiouracil (group P) and those
starting on and continuing MMI (group M) in terms of the
efficacy of treatment and adverse reaction profiles in the
initial phase of treatment and longer outcomes. In this
study, T4 stayed normalized for a mean (± SD) duration of
1.7 ± 1.0 months in group M and 2.3 ± 2.4 in group P, and
major adverse reactions were not observed. However, 25%
of the patients in group M and 31.9% of those in group P
experienced minor adverse effects, but this difference was
not statistically significant. Remission rates did not differ
between group M (35.0%), and group P (50.0%), and the au-
thors concluded that using PTU as an initial treatment in
children and adolescents with GD may not be a feasible
option. Yasuda et al. conducted a retrospective study to
evaluate the correlation between MMI doses and adverse
events, on the one hand, and the age of onset of less than
15 years, on the other hand, in 56 GD patients (24). The
patients in this study received ATDs for a mean duration
of 6.9 years and were followed up for 9.1 years. Besides,
11 male and 45 female patients with a median age at diag-
nosis of 11 years were recruited in the study, all of whom
received ATDs as the initial treatment. Moreover, 52 pa-
tients received MMI at either low (20 patients) or high (32
patients) doses (< 0.7 vs. ≥ 0.7 mg/kg/day, respectively).
The results showed that 20% of the patients in the low-
dose group and 50% of those in the high-dose group expe-
rienced adverse events (P = 0.031), with neutropenia and
rash reported in both groups. Azizi et al. assessed long-
term MMI treatment by comparing the remission rates in
GD patients after long-term and short-term therapy (37)
by conducting a randomized, parallel-group trial between
May 2000 and March 2017 in Tehran, which is considered
an area of iodine sufficiency. They included 66 consecutive
patients with untreated juvenile Graves’ hyperthyroidism
in their prospective study. All patients were treated with
MMI for 18 to 24 months and then were randomly assigned
to continue MMI (long-term group with 24 patients) or
discontinue the medication (short-term group). The long-
term group patients completed 96 to 120 months of MMI
treatment. Both groups were followed up for 48 months
following discontinuation of treatment. Hyperthyroidism
was cured in 88% of long-term patients and 33% of short-
term patients four years after MMI withdrawal (Figure 1).
Their results suggested that receiving MMI for durations of
96 to 120 months could be safe and effective for the treat-
ment of juvenile GD. This was corroborated by a signifi-
cantly higher (almost three times more) four-year cure rate
of hyperthyroidism with long-term MMI compared to the
short-term group.

The characteristics of studies with long-term ATD ther-
apy in children and adolescents are summarized in Table
1. All patients in these four studies had a mean or me-

dian duration of ATD treatment equal to or over 60 months
and were euthyroid at the end of the study. Minor adverse
events were reported in the first year by all of these studies.
No major adverse events were reported after the first year
of ATD administration. Azizi and Malboosbaf, in a system-
atic review and meta-analysis, tried to clarify the numer-
ous aspects of long-term treatment with ATDs (33). In this
meta-analysis, six studies were included reporting the data
for long-term (> 24 months) ATD treatment in adults and
non-adults. Long-term ATD treatment induced a remission
rate of 57%. A subgroup analysis demonstrated that the re-
mission rate was higher in adults than in non-adults (61%
vs. 53%) associated with low rates of complications. The
annual remission rate for each year of treatment was 16%,
which was higher in adults than in non-adults (19% vs. 14%).
Long-term ATD treatment has few adverse events, the ma-
jority of which occur in the first months of treatment and
are more frequent in higher doses and children. There-
fore, at the end of a custom course of ATD treatment (12 -
18 months), the “hazard window” is passed, and afterward,
the adverse events will be very rare. Therefore, the patient
can be kept euthyroid safely on low-dose ATDs.

3.3. Concluding Remarks

Replacing a disease like Graves’ hyperthyroidism with
another disease, i.e., hypothyroidism, as happens with ab-
lative therapies, is not a “cure”. The optimal therapeutic so-
lution for GD, given the long duration of the disease, espe-
cially in children and adolescents, is to “cure” this disease,
defined as the “maintenance of health like it was before the
disease”, rather than terminating hyperthyroidism by in-
citing a severe state of hypothyroidism. Currently, ATDs are
the treatment of choice as the initial intervention for GD
in the pediatric age group with ablative therapies reserved
for those with poor compliance with or resistance to ATDs,
or showing adverse effects while on ATDs. However, the
main drawback of ATD therapy is the relatively high rates
of relapse (close to 70%) in pediatric GD. Recent evidence
suggests that longer-term treatment with ATDs could lead
to far improved results in the pediatric age group with an
acceptable safety profile. Therefore, long-term ATD treat-
ment is to be considered not as just a modification of cur-
rent therapy, rather as an alternative treatment strategy.
In such a paradigm, future prospective studies are encour-
aged with comprehensive designs in pediatric age groups.

Considering the low frequency of side effects in pa-
tients on lower doses of ATDs and the fact that eu-
thyroid patients on ATDs have fewer complaints than
those taking levothyroxine, we support the recommen-
dation of MMI treatment for all juvenile hyperthyroid
patients. In addition, continuous MMI administration

4 Int J Endocrinol Metab. 2020; 18(Suppl):e106491.



Delshad H and Takyar M

 

   
Cumulative incidence of relapse of hyperthyroidism% (n

  

Month 6 12 18 24 30 36 42 48 

Long-term Group 

(n = 24) 
4 (1) 8 (2) 8 (2) 8 (2) 8 (2) 8 (2) 8 (2) 16 (3) 

Conventional 

Group (n = 24) 
 

42 (10)  54 (13) 63 (15) 63 (15) 67 (16) 67 (16) 67 (16) 67 (16) 

Follow-up Time (Months) 

Groups

Long term 

Short term 

0 6 12 18 24 30 36 42 48

C
u

m
u

la
ti

ve
 In

ci
d

en
ce

 o
f R

el
ap

se
 o

f H
yp

er
th

yr
o

id
is

m
 

1.0

0.8

0.6

0.4

0.2

0.0

Figure 1. Remission rate following methimazole discontinuation in long-term and short-term groups. In adolescents with Graves’ disease, the cure of hyperthyroidism
occurred in 92% and 88% of those treated for 60 - 100 months (long-term) and 46% and 33% of those treated for a median of 22 months, following one and four years of
methimazole withdrawal, respectively. Adapted from (37).

Table 1. Characteristics of Studies with Long-Term Antithyroid Drug Therapy in Children and Adolescentsa

First Author
(Ref. No)

Location Publication
Year

Study Design Method Number of
Participants
(Start - End)

Age Range (Y) Mean
Duration of
Treatment
(Months)

Adverse
Events

Barrio R (36) Spain 2005 Retrospective Long-term ATD 20 - 20 8 - 18 60 Minor adverse
events

Sato H (23) Japan 2011 Retrospective Long-term ATD
(MMI vs. PTU)

60 - 60 9 - 16 60 Minor adverse
events

Yasuda K (24) Japan 2017 Retrospective Long-term MMI
(Low dose vs.

high dose)

52 - 36 2 - 15 8.9 80% of adverse
events within
the first three
months. One

neutropenia at
11.5 years

Azizi F (37) Iran 2019 Randomized
clinical trial

Long-term vs.
conventional

MMI

28 - 24 9 - 18 109 Minor adverse
events during

the first six
months

Abbreviations: ATD, antithyroid drug; MMI, methimazole; PTU, propylthiouracil.
aAdapted from reference (38)

can cause fewer events of subclinical hypo- and hyperthy-
roidism and dyslipidemia, and patients on MMI therapy

have better neuropsychological test results compared to
levothyroxine-treated patients with radioiodine-induced
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hypothyroidism. Long-term MMI treatment is a safe and ef-
fective treatment option for juvenile Graves’ disease, lead-
ing to higher remission rates than in the standard treat-
ment.
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