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Subclinical hypothyroidism (SCH) is a common problem in pediatric population, and the
natural history of SCH varies depending on its etiology. Whether Hashimoto's thyroiditis
(HT) negatively affects the natural course of SCH was investigated in pediatric patients
without concomitant diseases. Predictors for levothyroxine medication were also
evaluated. Medical records of 109 children with SCH (91 girls, 5-18 years) diagnosed
between 2005 and 2014 were retrospectively reviewed. Patients were classified into HT

(n = 37) and isolated non-autoimmune hyperthyrotropinemia (iso-NAHT, n = 72). During
median 2 years of follow-up, only 10.1% of SCH patients eventually initiated
levothyroxine, and HT patients showed a higher probability of requiring levothyroxine
medication than iso-NAHT patients (21.6% vs. 4.2%). Underlying HT independently

predicted deterioration of thyroid function, leading to levothyroxine medication (hazard
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TGADbs.

ratios [HRs], 4.6 vs. iso-NAHT, P = 0.025). High titers of anti-thyroglobulin antibodies
(TGAbs) predicted later medication in the HT group (HRs, 28.2 vs. normal TGAbs,
P=0.013). Most pediatric SCH showed benign and self-remitting courses. Underlying HT
significantly increases the risk for levothyroxine medication, especially with high titers of
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INTRODUCTION

Subclinical hypothyroidism (SCH) is characterized by a slightly
elevated thyroid stimulating hormone (TSH) serum level (usu-
ally < 10 mIU/L) when the serum concentrations of free and
total triiodothyronine (T3) and thyroxine (T4) are within the
reference range (1,2). SCH occurs in 4%-20% of the adult popu-
lation, of which prevalence varies according to age, sex, body
mass index (BMI), race, dietary iodine intake, and the cutoff
concentrations of serum TSH (1). In the pediatric population,
prevalence of SCH is estimated to be less than 4%, although ep-
idemiologic studies are lacking (3,4).

The natural history of SCH varies depending on its etiology.
Many thyroidal and non-thyroidal diseases can cause SCH. How-
ever, causes are not identified in conditions of isolated non-au-
toimmune hyperthyrotropinemia (iso-NAHT) or idiopathic SCH
(1,5). Hashimoto'’s thyroiditis (HT) is the most common thyroi-
dal cause of SCH in both adults and children, followed by iso-
NAHT (1,6,7).

SCH is usually reversible in pediatric patients (4,7-11), how-
ever, some pediatric patients with SCH eventually develop overt
hypothyroidism. While predictors for progression to overt hy-
pothyroidism have been replicated in adult studies (1,2), stud-
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ies in children have been small (6,10).

This study aimed to investigate whether the presence of HT
independently deteriorates thyroid function in children and
adolescents without concomitant diseases. The natural history
of SCH and predictors for initiating levothyroxine medication
were also evaluated in the HT and the iso-NAHT patients, re-
spectively.

MATERIALS AND METHODS

Subjects

The medical records of 288 patients (5-18 years of age) diag-
nosed with goiter and SCH between January 2005 and Septem-
ber 2014 at Seoul National University Children’s Hospital were
retrospectively reviewed. SCH was diagnosed by at least two
measurements of elevated TSH levels (defined as 4.2-10 mIU/
L) with normal concentrations of free T4 and total T3. Patients
who had underlying diseases (n = 122) such as chromosomal
disorders, autoimmune diseases, malignancies, or other chron-
ic disorders, and those who were treated with medications af-
fecting thyroid function (n = 40) were excluded. An additional
17 patients who did not have a second visit were also excluded.
In total, 109 patients with SCH were included.
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Clinical and biochemical data

Height was measured with a standard stadiometer (Holtain Ltd.,
Crymych, United Kingdom) to the first decimal place, and body
mass index (BMI) was calculated as weight divided by squared
height (kg/m?). Age- and sex-specific z-scores for height, weight,
and BMI were assigned based on the 2007 Korean National Grow-
th Charts (12). Patients were classified according to BMI as lean
(< 85th BMI percentile), overweight (85-95th BMI percentile)
or obese (= 95th BMI percentile). History of thyroid diseases in
first and second degree relatives was also investigated.

All subjects underwent physical examinations by 3 pediatric
endocrinologists. Pubertal status was assessed by Tanner stag-
ing for breasts (females) and genitals (males). Goiter was grad-
ed according to the World Health Organization (WHO) criteria:
1) Grade 0 = not palpable and not visible, 2) Grade 1 = palpable
but not visible (1a = not visible with neck extension, 1b = visible
with neck extension), and 3) Grade 2 = palpable and visible (13).
Once a goiter was identified clinically by a pediatric endocri-
nologist, neck ultrasound was performed at the discretion of
the clinician evaluating the patient, especially in cases with a
considerably enlarged (WHO grade 1b or 2) and/or firm thy-
roid gland in which palpation for nodules was difficult. Neck
ultrasound was performed in 39 (33.0%) patients by a pediatric
radiologist. Subjects with thyroid nodules or malignancies were
not included in our study.

Regular follow-up evaluations of serum thyroid function and
thyroid autoantibodies were performed every 3-6 months. Se-
rum concentrations of free T4 and TSH were measured by im-
munoradiometric kits (RIAKEY; Shin Jin Medics, Seoul, Korea).
The serum levels of T3, anti-thyroid peroxidase antibodies (TPO-
Abs) and anti-thyroglobulin antibodies (TGAbs) were determin-
ed by radioimmunoassay kits (Brahms DYNOTest; Diagnostica
GmbH, Berlin, Germany). The normal ranges of serum free T4,
TSH, and T3 were defined as 0.70-1.80 ng/dL (9.01-23.2 pmol/
L), 0.4-4.1 mIU/L, and 87-184 ng/dL (1.34-2.83 nmol/L), respec-
tively. Both titers of TPOAbs and TGAbs were considered to be
positive for values higher than 60 U/mL.

Thyroid autoimmunity was investigated by the measurement
of serum concentrations of TPOAbs and TGAbs. In patients with
HT, TGAbs and TPOAbs were each assessed separately and group-
ed as follows: 1) group 1 = normal level of either TGAbs or TPO-
Abs, 2) group 2 = increased less than 10 times above the upper
normal limit, and 3) group 3 = increased more than 10 times
above the normal limit. A diagnosis of iso-NAHT was based on
the findings of isolated TSH elevation with normal free T4 and
T3, no signs or symptoms of hypothyroidism, and the absence
of thyroid autoantibodies (14).

Levothyroxine therapy was indicated in patients with SCH
who had serum TSH concentrations > 10 mIU/L (7). The prev-
alence rates of children who reverted to a normal TSH level, con-
tinued to be SCH status, or eventually started levothyroxine ther-
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apy during the follow-up period were analyzed.

Statistical analysis

All continuous variables were described as mean + standard
deviation. Analysis for normality was firstly performed and non-
parametric variables were log-transformed for further analysis.
To compare two groups, Student’s ¢-test was used for continu-
ous variables and y? test or Fisher’s exact test was performed for
categorical variables. The y” test for trend analysis was used to
compare the proportion of age groups at initial diagnosis (5.0~
9.9, 10.0-13.9, and 14.0-17.9 years) and thyroid status at last fol-
low-up (euthyroidism, SCH, and overt hypothyroidism) accord-
ing to the presence of thyroid autoimmunity (between HT and
iso-NAHT groups). Probability of requiring levothyroxine medi-
cation plots were constructed using the Kaplan-Meier method,
and the two groups were compared by the log-rank test. The
Cox proportional hazard model was used to compare HT and
iso-NAHT groups after adjusting for confounding variables and
to analyze the predictors of requiring levothyroxine medication
of each group. The hazard ratios (HRs), 95% confidence interval
(CI), and P values were reported. P values less than 0.05 were
considered statistically significant. All statistical analyses were
performed using the SPSS statistical software (version 21.0; SPSS
Institute, Chicago, IL, USA).

Ethics statement

The study protocol was approved by the Seoul National Univer-
sity Hospital Institutional Review Board (1502-012-644) with
waiver of informed consent.

RESULTS

Baseline characteristics at diagnosis

Clinical and biochemical characteristics of 109 patients (91 fe-
males) are shown in Table 1. The mean age was 9.2 + 2.6 years
(range 5.1-18.0) and 48 patients were prepubertal (44.0%). Thir-
ty patients (27.5%) were overweight or obese and 32 (29.4%) had
a family history of thyroid disease. Grade 2 goiter was found in
29 patients (26.6%). None complained of any clinical symptoms
of hypothyroidism.

While 37 patients were eventually diagnosed with HT (33.9%,
HT group), 72 remained idiopathic during the follow-up period
(66.1%, iso-NAHT group, Table 1). The proportion of patients in
the HT group increased significantly according to age, from 26.3%
for 5.0-9.9 year-olds, to 50.0% for 10.0-13.9 year-olds, and 57.1%
for 14.0-17.9 year-olds at diagnosis (P = 0.013 by y* test for trend
analysis, Fig. 1). Patients of the HT group were significantly old-
er than those of the iso-NAHT group at diagnosis (mean 10.1
vs. 8.8 years, P = 0.011), although the proportion of prepubertal
children did not differ between the two groups. The proportion
of sex, overweight or obesity, family history of thyroid disease,

http://jkms.org 125



JKMS

Lee YJ, et al. = Natural Course of Pediatric Subclinical Hypothyroidism

Table 1. Comparison of clinical and biochemical characteristics at initial diagnosis between HT and iso-NAHT patient groups

Parameters Total HT iS0-NAHT
No. of patients (%) 109 (100.0) 37 (33.9) 72 (66.1)
Female, No. (%) 91 (83.5) 32 (86.9) 59 (81.9)
Age at diagnosis, yr 92+ 26 10.1 £ 3.0 8.8+ 22
Prepubertal stage, No. (%) 48 (44.0) 14 (37.8) 34 (47.2)
Height z-score 0.14 £1.10 024 +112 0.10 £1.10
BMI z-score 0.46 £ 1.01 0.39 £ 0.95 0.49 £ 1.04
Overweight or obesity, No. (%) 30 (27.5) 8 (21.6) 22 (30.6)
FH of thyroid disease, No. (%) 32 (29.4) 15 (40.5) 17 (23.6)
Goiter grade 2, No. (%) 29 (26.6) 10 (27.0) 19 (26.4)
Free T4, ng/dL 1.1 £019 1.2+ 0.22 1.1+£0.18
T3, ng/dL 152.0 £ 17.4 154.6 £ 19.9 1506 £ 15.9
TSH, mlU/L* 55+1.2 55+1.2 54+12
TGAbs, No. (%)* 9/25/3 (24.3/67.6/8.1)

TPOAbs, No. (%)* 13/7/17 (35.1/18.9/45.9)

Continuous variables are described as mean =+ standard deviations.

HT = Hashimoto’s thyroiditis, iso-NAHT = isolated non-autoimmune hyperthyrotropinemia, BMI = body mass index, FH = family history, T4 = thyroxine, T3 = triiodothyronine,
TSH = thyroid stimulating hormone, TGAbs = thyroglobulin antibodies, TPOAbs = thyroid peroxidase antibodies.

*Log-transformed for Student’s t-test; TPvalues < 0.05; TTGAbs and TPOAbs were separately grouped into normal levels of one of either antibodies, elevated less than 10 times
above the upper normal limit or elevated to more than 10 times above the upper normal limit.
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Fig. 1. Proportion of age groups in HT and iso-NAHT patients.
HT = Hashimoto’s thyroiditis, iso-NAHT = isolated non-autoimmune hyperthyrotropin-
emia.

and goiter size was similar between the HT and iso-NAHT groups.
Serum concentrations of TSH, free T4, and total T3 were not dif-
ferent between the two groups (Table 1).

Natural course of SCH: comparison between the HT and
iso-NAHT groups

The natural courses of SCH in the HT and iso-NAHT groups are
compared in Table 2. During the median follow-up of 2.0 years
(range 0.1-15.2), 32 (29.4%) remained in the SCH state and 66
(60.6%) showed normalization of TSH concentrations, whereas
11 patients (10.1%, 8 HT and 3 iso-NAHT; 4 prepubertal and 7
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pubertal) eventually started levothyroxine. Levothyroxine was
started at a median age of 10.0 (6.7-24.8) years in the 8 HT pa-
tients, and at 5.7, 8.3, and 12.7 years (2 prepubertal and 1 pu-
bertal) in the 3 iso-NAHT patients (Supplementary Fig. 1).

Compared to the iso-NAHT group, the HT group showed a
higher proportion of patients who eventually required treatment
with levothyroxine (21.6% vs. 4.2%). The proportion of patients
who remained in the SCH state (32.4% vs. 27.8%) was also high-
er, and there were a lower proportion of patients who underwent
normalization of TSH concentrations at last follow-up (45.9%
vs. 68.1%) (P = 0.008 by o test for trend analysis, Fig. 2A) in the
HT group. The probability of requiring levothyroxine mediation
was significantly higher in the HT group than in the iso-NAHT
group (P = 0.014 by the log-rank test, Fig. 2B). Baseline TSH lev-
els greater than 7.0 mIU/L was a risk factor related to later levo-
thyroxine medication with marginal significance (P = 0.057).
The presence of HT at diagnosis of SCH was an independent
predictor for later levothyroxine medication (HRs = 4.6 vs. iso-
NAHT, P = 0.025) after adjusting for age, sex, baseline TSH lev-
els, initial goiter size, and family history of thyroid disease.

Predictors for thyroid dysfunction in each patient with HT
and iso-NAHT

In an analysis of the HT group, grade 2 goiters (P = 0.047) and
high titers (more than 10 times above the upper normal limit)
of TGADbs (P = 0.006) were risk factors for later levothyroxine
medication. Age, sex, baseline TSH levels, and TPOAD titers
were not significant risk factors for later medication. The Cox
proportional hazard model showed that high titers of TGAbs
was an independent predictor for later medication (HRs = 28.2
vs. normal TGADbs, P = 0.013, Table 3). In an analysis of the iso-
NAHT group, male sex (P = 0.028), and baseline TSH levels great-
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Table 2. Comparison of clinical and biochemical characteristics at the time of initiating levothyroxine or last follow-up between patients with HT and those with iso-NAHT

Characteristics Total HT iS0-NAHT
Median follow-up duration (range), yr* 2.0 (0.08-15.20) 2.9 (0.08-15.20) 1.9(0.3-9.8)
Median medication-free period (range), yr 1.9 (0.08-14.00) 1.9 (0.08-14.00) 1.7 (0.3-9.8)
Age, yr* 119+ 44 134 £ 577 11.1 £ 3.3
Levothyroxine medication, No. (%) 11(10.1) 8 (21.6)" 3(4.2)f
Prepubertal stage, No. (%) 23 (21.1) 6(16.2) 17 (23.6)
Overweight or obesity, No. (%) 27 (24.8) 5(13.5) 22 (30.6)
Goiter grade 0/1/2, No. (%) 8/65/31 (7.7/62.5/29.8) 2/22/12 (5.6/61.1/33.3) 6/43/19 (8.8/63.2/27.9)
Free T4, ng/dL 1.20 £ 0.23 12+03 12+£0.2
T3, ng/dL 1511 + 22.6 1485 + 22.3 1525 + 22.7
TSH, miU/L* 4.8 £ 6.1 72+£98 3519
TGADbs, No. (%) 16/19/2 (43.2/51.4/5.4)

TPOAbs, No. (%)* 16/8/13 (43.2/21.6/35.1)

Continuous variables are described as means + standard deviations.

HT = Hashimoto’s thyroiditis, iso-NAHT = isolated non-autoimmune hyperthyrotropinemia, T4 = thyroxine, T3 = triiodothyronine, TSH = thyroid stimulating hormone, TGAbs =
thyroglobulin antibodies, TPOAbs = thyroid peroxidase antibodies.

*Log-transformed for Student's t-test; TP-values < 0.05; fTGAbs and TPOAbs were separately grouped into normal levels of one of either antibodies, elevated less than 10 times
above the upper normal limit or elevated to more than 10 times above the upper normal limit.
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Fig. 2. Follow-up observation of HT and iso-NAHT patients. (A) Thyroid status at last follow-up. (B) Probability of requiring levothyroxine medication.
HT = Hashimoto’s thyroiditis, iso-NAHT = isolated non-autoimmune hyperthyrotropinemia.

Table 3. Predictors for levothyroxine therapy in patients with HT

Unadjusted Adjusted

Predictors

HR (95% Cl) Pvalue HR (95% Cl) Pvalue
Age at diagnosis 0.85(0.66-1.10) 0.224 -
Post-pubertal (vs. prepubertal) 0.76 (0.19-3.10) 0.705 - -
Goiter grade 2 (vs. grade 1) 4.20 (1.02-17.00) 0.047 2.8 (0.62-12.20) 0.182
Obese or overweight (vs. lean) 1.20 (0.24-6.40) 0.797 - -
TSH > 7 mlIU/L (vs. < 7.0 mlU/L) 1.70 (0.20-14.50) 0.632 -
FH of thyroid disease 0.49 (0.10-2.50) 0.387 = -
High TGAbs* (vs. normal) 37.30 (2.80-492.20) 0.006 28.2 (2.00-389.30) 0.013
High TPOAbs* (vs. normal) 4.30 (0.85-21.3) 0.077 - -

HT = Hashimoto’s thyroiditis, HR = hazard ratio, Cl = confidence interval, TSH = thyroid stimulating hormone, FH = family history, TGAbs = thyroglobulin antibodies, TPOAbs =
thyroid peroxidase antibodies.
*High TGAbs and TPOAbs were defined as serum levels of antibodies elevated more than 10 times above the upper normal limit.

er than 7.0 mIU/L (P = 0.003) were significant risk factors for  tic factors were not identified in the iso-NAHT group in the Cox
later levothyroxine treatment. However, independent prognos-  proportional hazard model (data not shown).
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DISCUSSION

During a median follow-up of 2 years in pediatric SCH patients
without concomitant chronic disorders, the majority (89.9%) of
patients, whose TSH levels were less than 10 mIU/L, reverted to
normal TSH levels or maintained SCH status. Only 10.1% of pe-
diatric SCH patients eventually initiated levothyroxine with a
significant difference between the HT and iso-NAHT groups
(21.6% vs. 4.2%). Presence of HT itself was an independent risk
factor for later levothyroxine medication.

In most pediatric SCH patients with TSH levels less than 10
mlIU/L, TSH concentrations remained stable or normalized
during follow-up. Studies of the natural courses of SCH in chil-
dren and adolescents have revealed favorable evolution and
lower risk of levothyroxine treatment (9,11,15,16). Idiopathic
SCH is more likely to resolve spontaneously. According to a
prospective evaluation of pediatric iso-NAHT, 88% of patients
showed normalization or maintained stable TSH levels (8). On
the other hand, approximately 50% of SCH patients with HT
were eventually given levothyroxine treatment during median 5
years of follow-up, regardless of concomitant chronic disorders
(Turner’s syndrome, celiac disease and type 1 diabetes melli-
tus) (17). Thus, thyroid autoimmunity is an important determi-
nant in the development of overt hypothyroidism.

The results of our study support the recent prospective report
showing higher risk of levothyroxine treatment in 32 patients
with HT (53.1%) than 90 patients with iso-NAHT (11.1%) (10).
While thyroid autoimmunity is a well-known predictor of thy-
roid dysfunction in the adult population (18), only small studies
have been conducted in the pediatric population. Another ret-
rospective study comparing 87 HT children with 59 iso-NAHT
children did not show significant differences in the tendency
towards thyroid dysfunction between the groups (22% vs. 14%)
(6). Although our study is limited to its retrospective design and
variable follow-up period, it is strengthened by the inclusion of
homogeneous pediatric SCH patients without concomitant chro-
nic diseases and statistical adjustment of different follow-up years
using the Kaplan-Meier survival analysis and the Cox propor-
tional hazard model.

The importance of thyroid autoantibodies at diagnosis of SCH
has been emphasized in the pediatric population as well as the
adult population. HT patients with high TGADb titers should es-
pecially be carefully evaluated for progression to overt hypothy-
roidism, a finding consistent with previous studies (6,17). Inde-
pendent predictors for thyroid dysfunction were not identified
in our patients with iso-NAHT. This may have been due to the
small sample size, extremely low risk for levothyroxine medica-
tion, and lack of extensive investigations for other possible fac-
tors associated with iso-NAHT (TSH receptor gene mutation or
iodine intake etc.). Heterozygous mutation of TSH receptor mu-
tations related to a loss of function of the TSH receptor plays a
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role in TSH resistance, leading to iso-NAHT and SCH (5). Fur-
ther studies are needed to find predictors for thyroid dysfunc-
tion in pediatric patients with iso-NAHT.

SCH of younger children was more likely to be idiopathic,
while the proportion of HT patients increased with age at diag-
nosis (Fig. 1), as shown in other studies (6,7). Unexpectedly, 2
of 3 children with iso-NAHT and 2 of 8 patients with HT were
prepubertal at the time of initiating levothyroxine medication
(Supplementary Fig. 1). Although thyroid volume can increase
during puberty (19,20), and thyroid hormone requirements may
increase during the pubertal growth spurt (21,22), thyroid dys-
function can develop irrespective of pubertal onset. Furthermore,
a previous prospective study with iso-NAHT patients reported
that normalization of TSH concentrations was less evident in
prepubertal patients than pubertal patients (8).

In conclusion, pediatric SCH patients with TSH levels less than
10 mIU/L mostly showed a benign and self-remitting course.
Approximately 10% of pediatric SCH patients without concom-
itant chronic diseases eventually started levothyroxine medica-
tion regardless of pubertal onset. A higher risk for hypothyroid-
ism in patients with HT (especially those with high titers of TGAbs)
compared to those with iso-NAHT was evident in the pediatric
population.
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