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ABSTRACT

Objective: The most common cause of hyperthyroidism in 
childhood and adolescence is Graves’ disease. In this study, we 
aimed to evaluate the demographic characteristics, clinical and 
laboratory findings, treatment processes, and remission outcomes 
in patients followed up with the diagnosis of Graves’ disease.
Methods: Medical records of 44 patients who were diagnosed 
with Graves’ disease in the period between 1999-2018 in our 
clinic, were retrospectively reviewed. Patients were included in the 
analysis according to risk groups (low, medium, and high) for 
relapses.
Results: The median age of the patients was 13.2 years (9.2-15 
years) and 35 (79.5%) of them were females. The most common 
complaints at the first admission were palpitations (52.3%) and 
sweating (52.3%), and the most common physical examination 
finding was tachycardia (43.1%) followed by goiter (40.9%). 
Propylthiouracil was started in 23 (52.3%) and methimazole in 21 
(47.7%) patients. In the clinical follow-up, five patients (11.4%) 
achieved remission while relapses occurred in none of the patients. 
Among the patients who did not achieve remission, total 
thyroidectomy or radioactive iodine treatment were applied to 10 
(25.6%) and four (10.2%) patients, respectively. As for the risk 
groups, 10 patients (35.7%) were in the low-risk, 17 (60.7%) in the 
moderate-risk, and one patient (3.6%) in the high-risk group. 
Remission occurred in two patients (20%) in the low-risk and in 
three patients (17.6%) in the moderate-risk group with a median 
time to remission being 25 and 18 months, respectively. 
Conclusion: In this study, remission rates were found to be low in 
pediatric Graves’ disease in accordance with the literature. We 
showed that long-term anti-thyroid therapy can be used to 
increase remission rates and alternative treatment options can be 
preferred in patients who are non-adherent to treatment and who 
do not achieve remission.
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INTRODUCTION

Hyperthyroidism is a metabolic disorder characterized 
by increased synthesis and release of thyroid 
hormones.1 The most common cause of 
hyperthyroidism in childhood and adolescence is 
Graves’ disease, accounting for 10-15% of cases with 
thyroid diseases in this age group. The incidence of 
pediatric Graves’ disease is approximately 1/10.000. 
Graves’ disease is rare under the age of five and the 
peak incidence of the disease occurs in the age range 
between 11-15 years. The incidence of Graves’ 
disease is 6-8 times higher in girls.2 Thyrotropin-

stimulating hormone (TSH) receptor antibody (TRAb) 
is generally found positive at the time of diagnosis 
and this finding is helpful for the diagnosis.1

Anti-thyroid drugs (ATD), surgery, and radioactive 
iodine (RAI) are current treatment options in Graves’ 
disease.3 The effectiveness of these three modes of 
treatment differs depending on the development  of 
relapse and in association with emergent side effects 
in the short and long term. Although the ideal mode 
of treatment for pediatric hyperthyroidism is 
debatable, medical treatment is recommended as 
the first-line option.4 The indications for RAI or 
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surgical treatment in Graves’ disease include 
development of relapse after adequate ATD, non-
adherence to medications, and ATD-related toxicity.5

The aim of this study was to evaluate the demographic 
and clinical characteristics, laboratory findings, 
treatment processes, and remission outcomes in 
children and adolescents; who were followed up 
with Graves’ disease in our clinic.

Materials and Methods

The medical records of 66 patients who were 
followed up with the diagnosis of hyperthyroidism in 
our pediatric endocrinology clinic in the period 
between 1999 and 2018, were retrospectively 
reviewed. Patients’ gender, age, complaints at the 
first admission, family histories of thyroid diseases, 
physical examination findings, laboratory findings, 
results of imaging studies, treatment methods, and 
treatment responses were recorded. After excluding 
patients with incomplete medical records, the study 
was conducted on 44 patients. 

Anthropometric measurements
Height was measured with the Harpenden 
stadiometer with an accuracy of 0.1 cm, and body 
weight was measured using a scale (SECA, Hamburg, 
Germany) with a sensitivity of 0.1 kg while wearing 
light clothing. Standard deviation (SD) scores for 
weight, height, and body mass index (BMI) were 
calculated using the online calculator designed for 
pediatric endocrinologists (Child Metrics)6, based on 
the reference values created for the Turkish 
population by Neyzi et al.7 The pubertal stage was 
determined according to Tanner.8

Diagnosis and descriptions
As for hormonal evaluations, the levels of serum 
free T3 (fT3), free T4 (fT4), and TSH at the time of 
diagnosis were studied via the chemiluminescent 
microparticle immunological assay method using a 
Beckman Coulter Dxl800 brand device. The 
reference values for thyroid hormones as fT3, fT4, 
and TSH were 2.5-3.9 pmol/l, 0.5-1.51 pmol/l, and 
0.38-5.33 μIU/ml, respectively. TRAb, as one of the 
thyroid autoantibodies, was measured via 
immunological assay method using an Immunotech 
Beckman Coulter A15728 brand device. The 

reference ranges for TRAb levels for the years 
between 1999 and 2009 were as follows: 0-9 U/l: 
negative, 9-14 U/l: borderline, and >14 U/l: positive. 
The reference ranges for TRAb levels for the years 
between 2009 and 2018 were as follows: 0-0.1 U/l: 
negative, 0.1-1.5 U/l: borderline, and > 1.5 U/l: 
positive.

The diagnosis of hyperthyroidism was made in the 
presence of increased serum fT3 and/or fT4 levels 
accompanied by TSH suppression (<0.38 μIU/ml) and 
clinical signs of hyperthyroidism. Patients; who had 
clinical and laboratory findings of hyperthyroidism 
(TRAb positive or negative) and who received ATD 
for at least six months, were considered to have 
Graves’ disease.

Remission was defined as being in a state of clinical 
and biochemical euthyroidism for at least one year 
after the discontinuation of ATD and as the 
maintenance of the euthyroid state without relapses 
during the clinical follow-up period. Relapse was 
defined as the occurrence of TSH suppression 
accompanied by increased fT4 and/or fT3 levels and 
positive TRAb levels in the follow-up of previously 
remitted patients. Failure to achieve remission was 
defined as the continuation of ATD therapy, resumption 
of treatment due to maintenance of the euthyroid 
status for less than one year after discontinuation of 
ATD, discontinuation of ATD but the maintenance of 
the euthyroid status for less than a year in the study 
period/inadequate follow-up records, and in whom 
received RAI or undergone surgery.

The final clinical conditions of the patients were 
examined by classifying them into three groups 
based on the duration of ATD therapy as less than 1 
year, for 1-2 years, and more than 2 years, and on 
the outcomes as achieving remission, the occurrence 
of relapses, and failure to achieve remission. In 
addition; according to the study by Kaguelidou et 
al.9, the patients were divided into risk groups based 
on the clinical and laboratory findings, demographic 
characteristics at diagnosis, and the estimated 
duration of ATD treatment. The patients were scored 
according to five criteria including ethnicity, age at 
diagnosis, the fT4 level at diagnosis, the TRAb level 
at diagnosis, and the duration of treatment. Based 
on the scores; the patients were classified as Group 
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A (low-risk group, 0-3 points), Group B (moderate-
risk group, 4-7 points), and Group C (high-risk group, 
8-11 points). Then, remission and relapse states 
were examined by the groups.

Ethics
This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted 
by the Local Ethics Committee (Ethics approval 
number: 2017/18-13), and an informed written 
consent form was not obtained due to the 
retrospective nature of the study. 

Statistical Analysis
Statistical analyses were performed using the SPSS 
24.0 software (IBM SPSS Statistics for Windows, 
Armonk, NY: IBM Corp.). The homogeneous 
distribution of the data was evaluated by the 
Kolmogorov-Smirnov test. For descriptive statistics, 
numbers and percentages were used for categorical 
variables; mean±standard deviation for numerical 
data conforming to the normal distribution 
parameters, and the median values (25p-75p) were 
used for numerical data not conforming to the 
normal distribution parameters.

Results

The median age of the patients was 13.2 years 
(9.2-15 years) and 35 (79.5%) of them were 

females. Twenty-three of the patients (52.3%) 
were pubertal and the frequency of thyroid disease 
in the family history was 75%. Weight, height, and 
BMI SD scores were -0.17 [(-1.2)-(+1.2)], 0.17 
[(-1.2)-(+1.2)], and -0.24 [(-1.3)-(+0.5)], 
respectively. The most common complaints were 
palpitations and sweating, and the most common 
physical examination findings were tachycardia 
and goiter. The complaints and clinical findings of 
the patients are summarized in Table 1. Laboratory 
and imaging findings of the patients at the time of 
diagnosis are presented in Table 2.

Propylthiouracil (PTU) and methimazole (MTZ) 
treatments were initiated in 23 (52.3%) and 21 
(47.7%) patients, respectively. Propranolol was given 
additionally in 33 patients (75%) due to concurrent 
tachycardia. L-thyroxine was added (block and replace 
treatment model) to the treatment in 30 (68.1%) 
patients due to high TSH levels detected during the 
clinical follow-up. Side effects associated with ATD 
were 4-5 times elevated transaminase levels in two 
(4.5%) and leukopenia in one patient (2.3%).

The median duration of the follow-up of the patients 
was 32 months (22-55 months). Five patients (11.4%) 
achieved remission during the clinical follow-up 
period and the median time to remission was 22 
months (11.0-26.5 months). No relapses occurred in 
any of the remitted patients during the follow-up. 

Table 1. The complaints and clinical findings of the patients at the time of diagnosis (n=44)

Complaints [n (%)]

Palpitations
Sweating
Weight loss
Tremor
Irritability

23 (52.3)
23 (52.3)
17 (38.6)
15 (34.1)
13 (29.5)

Clinical findings [n (%)]

Tachycardia
Goiter
Hypertension
Exophthalmus
Pre-hypertension

19 (43.1)
18 (40.9)
9 (20.5)
7 (15.9)
1 (2.3)

Table 2. Laboratory and imaging results of the patients at the time of diagnosis (n=44)

Laboratory results

TRAb positive [n (%)]
TSH (µIU/mL)
fT3 (ng/dL)
fT4 (ng/dL)

37 (84)
0.01 (0.0045-0.017)

13.0 (7.9-21.3)
3.8 (2.9-5.6)

Thyroid ultrasonography [n (%)]

Heterogeneity
Hypoechogenicity
Pseudonodular pattern
Diffuse hyperplasia
Normal
Nodule

20 (45.4)
15 (34.1)
8 (18.2)
5 (11.4)
4 (9.1)
3 (6.8)

Data are e given as median values (25p-75p).
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The final status of the patients who failed to achieve 
remission are shown in Figure 1. 

When the final status of the patients was classified 
according to the duration of medical treatment, two 
out of three patients who received treatment for less 
than one year and two out of 25 patients who 
received treatment for more than two years were 
found to be in remission (Figure 2). 

When 28 patients with no missing data were 
evaluated by the risk groups; it was found that 10 
patients (35.7%) were in the low-risk group, 17 

patients (60.7%) in the moderate-risk group, and 
one patient (3.6%) in the high-risk group. In the 
low-risk group, two patients (20%) achieved 
remission; the median time to remission was 25 
months, and none of the patients relapsed. In the 
moderate-risk group, three patients achieved 
remission (17.6%); the median time to remission 
was 18 months, and none of the patients relapsed. 
There was only one patient in the high-risk group; 
however, the final status of the patient could not be 
assessed because this patient did not attend follow-
up visits (Table 3).

Figure 1. Final status of the patients when classified according to the remission and relapse rates (n=44)

Referred to the adult 
endocrinology department

n=1 (20%)

Did not attend 
follow-up visits
n=11 (28.2%)

Surgical treatment
n=10 (25.6%)

Referred to the adult 
endocrinology

department 
n=8 (20.5%)

Continued treatment
n=6 (15.4%)

RAI
n=4 (10.2%)

Follow up without 
treatment
n=4 (80%)

All patients
n=44

Relapse
n=0

Remission
n=5 (11.4%)

Failing to achieve
remission

n=39 (88.6%)
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Discussion

In this study, we presented children and adolescents 
with Graves’ disease with a female/male ratio of 4/1. 
The majority (52.3%) of our patients were pubertal 
at admission and the median age at diagnosis was 
13.2 years (9.2-15.0). More than half of the patients 
presented with palpitations. These results were all in 

accordance with the previous studies.12,10-18 It has 
been reported that Graves’ ophthalmopathy is an 
inflammatory disease of the orbital tissues with 
prevalence rates ranging from 17% to 86% in children 
and adolescents with Graves’ disease.19-22 In recent 
studies from our country, the incidence of 
ophthalmopathy has been reported in the range of 
10-24%.12,13 We found that ophthalmopathy was 

Figure 2. Final status of the patients when classified according to the duration of medical treatment (n=44)

<1 year
n=3 (6.8%)

1-2 year
n=16 (36.4%)

>2 years
n=25 (56.8%)

Follow up without
treatment
n=2 (66.7)

Did not attend 
follow-up visits

n=1 (33.3%)

RAI
n=1 (6.2%)

Surgical treatment
n=4 (25%)

Referred to the adult 
endocrinology department 

n=5 (31.3%)

Did not attend 
follow-up visits

n=6 (37.5%)

Follow up without 
treatment
n=2 (8 %)

RAI
n=3 (12%)

Referred to the adult 
endocrinology 

department n=4 (16%)

Did not attend 
follow-up visits

n=4 (16%)

Surgical treatment
n=6 (24%)

Continued treatment
n=6 (24%)

All patients
n=44
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present in approximately one-sixth (15.9%) of the 
patients, as reported in the literature. Since the 
diagnosis of ophthalmopathy is usually based on the 
physical examination, the varying frequencies in the 
literature may be associated with individual 
descriptions of clinicians.

TRAb is specific for Graves’ disease. TRAb positivity is 
detected in more than 95% of untreated newly 
diagnosed patients with Graves’ disease.23 Some 
studies demonstrated the frequency of TRAb 
positivity in a range of 68-92%.12,13 The prognostic 
value of pretreatment TRAb levels has been shown 
in recent studies.24,25 In the study conducted by 
Kaguelidou et al.26, it was found that TRAb levels in 
children with a diagnosis of Graves’ disease were 
significantly higher in five-year-old or younger 
patients at the time of diagnosis compared to those 
older than five years of age, and in patients with 
severe baseline symptoms compared to those 
without. In our study, TRAb was positive in 84% of 
the patients. Although the cause of hyperthyroidism 
in Graves’ disease is antibodies that stimulate the 
thyroid gland, the TRAb levels were reportedly very 
low or undetectable in a small number of patients.27 
Theoretically, TRAb should not be negative in Graves’ 
disease but the low sensitivity of laboratory methods 
may be responsible for false-negative results. 

Treatment options for Graves’ disease in children 
include ATD, RAI, and surgery. Each of these treatment 
approaches is associated with specific risks.13,17,28 
ATD is the first-line treatment option preferred in 
children in most countries.29 However, ATD is 
associated with a variety of minor and major adverse 

effects. Fumarola et al.30 associated the side effects 
of MTZ therapy with the dose of the medication but 
they reported that the adverse effects of PTU 
treatment were independent of dosage. Rivkees et 
al.31 showed liver failure due to PTU in 14 children. 
Hepatic failure due to PTU is rapidly progressive and 
usually irreversible. In 2009, the United States Food 
and Drug Administration (FDA) recommended that 
PTU should not be used in children.32,33 In another 
study, MTZ-associated adverse effects were found in 
19% of the patients. The most common side effects 
were reported as skin rash and urticaria, while 
neutropenia and lymphopenia were found in low 
frequencies as 1-2%.34 Rabon et al.11 demonstrated 
that 21% of patients using MTZ developed adverse 
effects, including skin rash, arthralgia, increased 
transaminase levels, and neutropenia in order of 
decreasing frequency. Bayramoğlu et al.14 reported 
that 22.9% of the patients using MTZ had side 
effects. They reported that 4.1% of the patients had 
a severe skin reaction that caused the discontinuation 
of MTZ therapy, 10.4% had increased levels of 
transaminases, and 8.2% had neutropenia.14 Tunç et 
al.13 reported that ATD-associated side effects 
occurred in two patients (4.4%) receiving PTU. Of 
these patients, one had increased levels of 
transaminases and the other developed skin rash.13 
In this study, we found that ATD was administered to 
all Graves’ disease patients as the first-line treatment. 
As for the physicians’ preferences for selecting an 
ATD, it was observed that treatment with PTU was 
started in more than half of the patients. We 
interpreted that this finding has resulted from 
reviewing patient data of previous years for the 
study but such adverse effect studies have become 

Table 3. Risk groups of the patients and clinical follow-up results (n=28)

Risk group

Low

Moderate

High

n (%)

10 (35.7)

17 (60.7)

1 (3.6)

Clinical follow-up results

Remission  (%)
Relapse  (%)

Median time to remission (month)

Remission (%)
Relapse  (%)

Median time to remission (month)

Remission  (%)
Relapse (%)

Median time to remission (m)

n (%)

2 (20)
-

25

3 (17.6)
0

18

-
-
-
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more common recently. Adverse effects observed in 
our study were slight increases in transaminase 
levels in two and mild leukopenia in one patient. One 
patient with leukopenia and one patient with 
increased transaminase levels were both using PTU; 
which was replaced by MTZ. The other patient with 
increased transaminase levels was using MTZ. 
Although antithyroid therapy with MTZ was 
considered safe in pediatric patients, these patients 
should be carefully monitored for the potential 
adverse effects.

When remission cannot be achieved via medical 
treatment or when medication-associated serious 
side effects develop, other alternative treatment 
methods, which are RAI and surgery, should be 
considered. The American Thyroid Association 
recommends that radical treatment options should 
be considered in cases where remission cannot be 
achieved after two years of ATD treatment in 
children.35 Gastaldi et al.36 reported that 55% of the 
patients failed to achieve remission continued ATD 
treatment for more than two years, 25% underwent 
surgery, and 19% underwent RAI. Esen et al.12 

showed that 14.9% and 12.8% of the patients; who 
developed relapses after the discontinuation of 
ATD, underwent RAI and surgery, respectively. 
Another study reported that 47% of the patients 
receiving ATD developed relapses after drug 
discontinuation and 19% and 9.5% of these patients 
underwent surgery and RAI, respectively.13 In this 
study; when the patients were examined in three 
groups according to the duration of ATD therapy, it 
was found that surgery (22.7%) was preferred over 
RAI (9.1%) as a second-line therapy option in non-
remitters consisting of patients who received ATD 
for 1-2 years (n=16:36.4%) and more than two 
years (n=25:56.8%).

There is no consensus on the optimal duration of 
ATD treatment to ensure long-term remission in 
children. Tunç et al.13 emphasized that radical 
treatment can be delayed even if remission is not 
achieved after two years of ATD therapy. They 
reported remission and relapse rates as 53.4% and 
46%, respectively. They also noted that the total 
duration of ATD treatment is longer in remitted 
patients (42.14±14.35 months) which was an 
important predictor for the likelihood of long-term 

remission.13 Esen et al.12 found the cumulative 
remission rate as 17.6% and the median duration of 
treatment as 22.8 months (0.3-127) in patients who 
received ATD as the first-line therapy. In our study, 
the remission rate was 11.5% and none of the 
patients developed a relapse. The median length of 
ATD therapy before remission was 22 months (11.0-
26.5). In a multicenter prospective study by 
Kaguelidou et al.26; 154 children diagnosed with 
Graves’ disease were followed up for the development 
of relapses during the 1st and 2nd year after 24±3 
months of MTZ treatment and it was reported that 
the relapse rates were 59% and 68% in the first and 
second years after discontinuation of ATD, 
respectively. The point to be noted here is the 
different definitions of remission and relapse among 
studies which can explain the different remission 
and relapse rates in our study and in other studies in 
the literature. 

There are several studies investigating the predictive 
factors for remission or relapses and examining the 
necessity of early-stage radical treatment. 
Kaguelidou et al.9, classified children with Graves’ 
disease into prognostic risk groups based on the 
clinical and laboratory findings, demographic 
characteristics, and the estimated duration of ATD 
therapy. Patients were categorized into three groups 
as Group A (low risk), Group B (moderate risk), and 
Group C (high risk). The relapse rates in the two 
years after discontinuation of medical therapy were 
46%, 77%, and 98% in Groups A, B, and C, 
respectively.9 Leger et al.37 reported that a total of 
two years of ATD therapy in children was associated 
with increased remission rates. Ohye et al.38 
reported a relationship between cumulative 
remission rates and the duration of treatment. 
Bayramoğlu et al.14 reported remission in 24% of 
the patients who received treatment for more than 
two years; they reported that lower fT4 values and 
longer durations of MTZ therapy were associated 
with remission, but male gender was a factor for 
increased risk of relapses. Mussa et al.39 showed 
that low TRAb levels at the diagnosis and throughout 
ATD therapy were associated with remission. 
Gestaldi et al.36 suggested that a high TRAb value 
was a predictive factor for the development of 
relapses. In this study, we divided patients into risk 
groups according to the criteria used in the study 
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by Kaguelidou et al.9 and found remission in two 
patients (20%) in the low-risk group and three 
patients (17.6%) in the moderate-risk group. Since 
the patient in the high-risk group did not attend 
follow-up visits, no conclusions could be drawn 
about the final status of the patient. Also, none of 
our patients developed relapses. We found that 
remission rates were lower in pediatric Graves’ 
patients but the relapse rate was lower in remitted 
patients. The low relapse rate in our patients was 
thought to be associated with the heterogeneous 
follow-up periods of our patients receiving ATD 
treatment. Also, a two-year follow-up period of 
remitted patients might be considered as a cause of 
insufficient data collection. However, the median 
lengths of ATD use before remission were 25 and 18 
months in patients in the low and high-risk groups, 
respectively. Consistent with the literature data, 
this finding can be interpreted as indicating a low 
risk for relapse in patients who received long-term 
treatment with ATD.

Conclusion

In conclusion, we found that children and adolescents 
with Graves’ disease had low remission rates similar 
to the previous reports and that medical treatment-
associated complications were low and transient. 
Besides, long-term ATD therapy can be used to 
increase remission rates and that alternative 
treatment options can be preferred in patients, who 
are non-adherent to treatment and who do not 
achieve remission.
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