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Abstract
The evaluation and management of hypothyroidism in children are similar to adults, but there are important differences
based on the dependence on normal thyroid function for neurocognitive and physical development. In the pediatric
population, hypothyroidism is frequently categorized as congenital or acquired hypothyroidism, depending on the age of
presentation and the underlying etiology. The evaluation and management of children and adolescents with hypothyroidism
are determined by the etiology as well as by the age at diagnosis, severity of the hypothyroidism, and the response to thyroid
hormone replacement therapy. Children and adolescents require higher weight-based doses for thyroid hormone replacement
than do adults, likely due to a shorter half-life of thyroxine (T4) and triiodothyronine (T3) in children, but weight-based dose
requirements decrease as the child advances into adulthood. Multiple gaps in knowledge remains regarding how to optimize
the treatment of hypothyroidism in pediatric patients, including (but not limited to) the selection of patients with subclinical
hypothyroidism for treatment, and the potential benefit of combined LT3/LT4 therapy for patients with persistent symptoms
and/or low T3 on LT4 monotherapy. The life-long impact on growth and development, and potentially on long-term
cardiovascular and psychosocial health, are significant and highlight the importance of future prospective studies in pediatric
patients to explore these areas of uncertainty.
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Introduction

Thyroid hormone production, transport, and action

During the first 10–12 weeks of embryogenesis, the pri-
mordial thyroid gland migrates inferiorly to its normal
position, transforms into its bilobed shape, and develops the
capacity to trap iodine and secrete thyroid hormones (THs)
[1]. Pituitary control of the thyroid by thyroid-stimulating
hormone (TSH) is asserted beginning in the second trime-
ster. The identification of transcription factors critical for

thyroid gland formation—including NKX2–1, FOXE1,
HHEX, and PAX8—has improved our understanding of
thyroid gland development and function. Several of these
transcription factors are also involved in nonthyroid related
organogenesis. As an example, expression of NKX2–1 is
critical in the development and function of interneurons in
the central nervous system, surfactant producing cells in the
lungs, and expression of thyroid peroxidase and thyr-
oglobulin. Mutations in NKX2–1 are associated with
brain–lung–thyroid syndrome characterized by hereditary
chorea, respiratory distress syndrome, and congenital
hypothyroidism (CH) secondary to thyroid dysgenesis [2].
More salient for our review, introduction of Nkx2–1 and
Pax8 into embryonic or induced pluripotent stem cells can
regenerate functioning thyroid follicular cells in mice ren-
dered hypothyroid by radioactive iodine ablation [3].

Within hours after birth, a healthy, term infant experi-
ences a surge in the neonatal serum TSH to a mean of
~80 mIU/L, with a subsequent, rapid decline in the TSH
level over the next 2 days [4]. By 2–4 weeks of age, the
TSH falls within the normal range for children and adults,
although a smaller cohort of infants normalize their TSH by
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1–3 months of age, with slight variation based on sex and
age [5, 6]. In preterm or very low-birth weight infants
(<1500 grams), there is a delayed and attenuated surge in
TSH, which may be further accentuated by acute illness and
medications [7, 8].

Approximately 80% of the TH secreted by the normal
thyroid is T4, with T3 comprising the remaining 20%. T4 is
a prohormone with a sixfold–sevenfold longer half-life than
T3. T3 is the biologically active hormone, having a 15-fold
greater affinity than T4 for TH nuclear receptors (TRs). TRs
have variable expression in different tissues. TRalpha is
highly expressed in the myocardium, skeletal muscle,
intestine, bone, and central nervous system, whereas TRbeta
is highly expressed in the hypothalamus, pituitary, liver, and
kidney [9]. To reach the nuclear receptors, TH is actively
transported across the cell membrane via transporter pro-
teins. The most specific transport protein is mono-
carboxylate transporter 8 (MCT8), which plays a key role in
T4 secretion from the thyroid gland and transport of TH into
the brain [10]. Because of the variable tissue expression of
MCT8 and TRs and variable reliance of different organs on
these factors, inactivating mutations in these genes are
associated with mixed clinical and biochemical forms of
thyroid disease characterized by features of both hypo-
thyroidism and hyperthyroidism and, unfortunately, less
response to TH replacement therapy (see Groeneweg et al.
for a review of TH transport disorders [10] and Dumitrescu
et al. for a review of resistance to TH [9]).

Diagnosis and treatment of hypothyroidism

Hypothyroidism occurs when the concentration of circu-
lating TH is inadequate to maintain normal TH signaling at
the tissue level. In primary thyroid disease (disease
impacting the thyroid gland), the TSH (normal range
0.5–5.5 mIU/L) is the most sensitive marker of inadequate
TH levels, reflected by an increase in TSH to between 5.5
and 10 mIU/L (subclinical hypothyroidism) or >10 mIU/L
(overt hypothyroidism) [11]. A low T4 or freeT4 in the
setting of an elevated TSH may further distinguish a con-
dition where LT4 replacement would be beneficial [12].
Therefore, the goal of treatment for primary hypothyroidism
is normalization of TSH. In central hypothyroidism, the
TSH is low or inappropriately normal despite low T4 levels,
secondary to abnormalities in the hypothalamus (thyro-
tropin-releasing hormone, TRH) or pituitary (TSH). The
goal of treatment in central hypothyroidism is to achieve
serum T4 or free T4 concentrations in the upper half of the
age-specific normal range. Because TH modulates the
function of nearly every organ system, the hypothyroidism
has important adverse effects on cardiovascular, neurologic,
gastrointestinal, and metabolic function. In children, TH
also plays a critical role in normal growth and development,

and hypothyroidism results in significant impairments in
these processes. Therefore, prompt recognition and treat-
ment of hypothyroidism in infants and children are essential
to optimizing physical and neurodevelopmental outcomes.

History of thyroid hormone replacement
formulations

The first use of thyroid replacement therapy in the modern
era was reported by Bettencourt and Serrano in 1890 with
transplantation of animal thyroid tissue into a patient with
myxedema. The use of intravenous thyroid extract was
associated with a high risk of overdosage, which led to the
transition to oral ingestion of fresh or desiccated thyroid
extracts. The dose of the medications was titrated to clinical
endpoints, initially resolution of hypothyroid symptoms,
and later measurement of basal metabolic rate or “protein-
bound iodine” (a proxy for TH). Synthetic sodium salts of
levothyroxine (LT4) and liothyronine (LT3) were intro-
duced in the United States in the 1950s, and marked
improvement in the biochemical assessment of dose ade-
quacy occurred with the introduction of radioimmune
assays for measuring TH levels [13].

In 1906, the United States Food and Drug Administration
(FDA) was formed. In 1962, in response to thalidomide-
associated fetal malformations, the Kefauver–Harris
amendment required that all medications introduced into the
U.S. market since 1938 be subject to efficacy and safety
standards. After the establishment of standards for bioe-
quivalence and therapeutic equivalence, an “AB” code
designation allowed for free substitution of the same med-
ication from different manufacturers, in spite of dose dif-
ferences of up to 10–12% between manufacturers for the
same dose-labeled tablet. Within each manufacturer, the
LT4 content in a given tablet must be within 5% of the
designated dose. As of 2017, there are five FDA-approved
LT4 tablet manufacturers in the United States, and one gel-
cap product (Tirosint®), that also has an approved solution
form (Tirosint®-SOL). Desiccated TH extracts were intro-
duced into the market prior to 1938 and therefore are not
regulated by the FDA [14].

Congenital hypothyroidism

Etiology

The incidence of CH is reported to be between 1:2000 and
1:4000 births, with the higher incidence related to lowering
of the TSH diagnostic level for diagnosis [15]. The most
common cause of primary CH is failure of normal thyroid
gland development (dysgenesis) or failure of a eutopic
thyroid gland to produce TH normally (dyshormonogen-
esis). Thyroid dysgenesis accounts for ~85% permanent CH
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while dyshormonogenesis accounts for the remainder [2].
Despite the frequency of thyroid dysgenesis, and an
increasing number of identified causative genes, the
majority of cases are sporadic and a genetic etiology is
found in only 2–5% [16]. In contrast, dyshormonogenesis is
most commonly associated with defects in TH synthesis,
including mutations of thyroglobulin (TG), thyroid perox-
idase (TPO), dual oxidase 2 (DUOX2) and its associated
protein (DUOXA2), the sodium-iodide symporter
(SLC5A5), the apical iodide transporter pendrin (SLC26A4),
and iodotyrosine deiodinase (IYD) [17].

Congenital central hypothyroidism is rare, with an inci-
dence between 1:16,000 and 1:20,000, and is usually
caused by inborn structural or functional defects that may
be associated with mutations in genes involved in hypo-
thalamic and pituitary development [18]. Because these
transcription factors regulate expression of multiple pitui-
tary cell types, multiple pituitary hormone deficiencies are
present in about 75% of infants with congenital central
hypothyroidism [19].

Last, several extrinsic factors can cause hypothyroidism
in neonates. Iodine deficiency remains the most common
cause of neonatal hypothyroidism worldwide. Preterm
infants are at increased risk of iodine deficiency, particularly
because of the low iodine content of preterm infant formulas
and of the parental nutrition commonly used in intensive
care nurseries [20]. Iodine excess can also cause hypo-
thyroidism and may occur secondary to exposure to topical
iodine based antiseptics [21], exposure to high content
iodine medications, such as amiodarone [22], radiographic
contrast agents [23, 24], or high maternal dietary intake of
iodine that is passed through breast milk [25]. Other
extrinsic causes include transplacental passage of antithyr-
oid medications used to treat hyperthyroidism (methima-
zole, carbimazole, or propylthiouracil), transfer of maternal
IgG antibodies that block activation of the TSH receptor
[26] and many additional medications that can alter TH
levels (Table 2) [27, 28].

Diagnosis

Infants with severe congenital hypothyroidism may present
with hypothermia, bradycardia, poor feeding, hypotonia,
large fontanelles, myxedema, macroglossia, and umbilical
hernia. This presentation is most common when both fetal
and maternal hypothyroidism are present, as in iodine
deficiency or untreated maternal hypothyroidism. How-
ever, many neonates manifest few or no symptoms even
with significant hypothyroidism, making clinical diagnosis
difficult in this age group. Implementation of universal
newborn screening has nearly eradicated severe intellectual
impairment due to CH in areas where screening is prac-
ticed, but CH remains a leading cause of preventable

intellectual impairment in areas without newborn screening
programs.

Screening protocols vary regionally but generally begin
with measurement of TSH and/or T4 in a dried blood spot
collected from each infant within a few days after delivery.
Prompt diagnosis and treatment of CH are critical to opti-
mize developmental outcome, so any abnormal newborn
screen result should prompt immediate confirmation of TSH
and free T4 concentrations in a serum sample [29]. The
initial sample generally should be obtained at least 24 h
after delivery to avoid false-positive results due to the
physiologic TSH surge [4, 30]. If a repeat newborn screen is
obtained after the first few days of life—whether to confirm
an abnormal result, or as standard practice in all or selected
newborns—gestational age- and postnatal age-specific
reference ranges must be used to avoid missing the diag-
nosis CH by misinterpreting an elevated TSH as normal in
the context of the higher TSH reference range that is
applicable only to the first few days after birth [15]. An
example of an evaluation and treatment algorithm can be
found on the American College of Medical Genetics web-
page; https://www.ncbi.nlm.nih.gov/books/NBK55827/.

Determining the etiology of the CH via radiological
imaging rarely alters initial management but may provide
insight into prognosis. Ultrasound (US) or thyroid scinti-
graphy (using 99mTc or 123I) can assess the presence or
absence of a normally located thyroid gland, which can
distinguish between thyroid dysgenesis and dyshormono-
genesis [31]. While hypothyroidism due to dysgenesis is
usually permanent, about 35% of patients with a eutopic
thyroid gland have transient disease and will not require
lifelong therapy [32, 33].

Evaluation for TSH receptor-blocking antibodies should
be considered in patients with a eutopic thyroid gland on
US even if there is no maternal history of autoimmune
thyroid disease. If TSH receptor antibodies are documented,
they indicate a transient hypothyroidism that usually
resolves within 3–4 months. Nevertheless, if the mother had
unrecognized hypothyroidism during gestation, neurodeve-
lopment still may be impaired even if postnatal treatment is
instituted promptly [26].

Treatment

In infants whose screening whole blood TSH is ≥40 mIU/L,
LT4 should be initiated as soon as the confirmatory serum
sample is obtained, without awaiting the results. In infants
with screening TSH <40 mIU/L, LT4 should be initiated if
the confirmatory serum TSH >20 mIU/L, or between 6 and
20 mIU/L with a low free T4 concentration [29]. The
management of infants with mild TSH elevation (serum
TSH 6–20 mIU/L) and normal free T4 levels is con-
troversial. Although such patients are frequently identified
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by more stringent newborn screening thresholds, the neu-
rodevelopmental risks posed by untreated mild disease
remain uncertain [34–37]. Many practitioners elect to treat
infants in this subclinical CH range in an effort to prevent
any possible adverse developmental effects, but close
monitoring of thyroid function without treatment may be
reasonable in some cases, after careful discussion with the
family.

The initial dose of LT4 for CH is 10–15 μg/kg daily.
There is on-going discussion if doses at the high end of this
range should be used for patients with significantly elevated
TSH (>100 mIU/L) secondary to concerns that over-
treatment may also be associated with altered neurodeve-
lopmental outcome [38–40]. Serum thyroid function testing
is monitored every 1–2 weeks until normal, and then every
1–2 months during the first year of life and every
2–4 months during the 2nd and 3rd year of life with LT4.
The LT4 dose is adjusted to maintain the serum TSH in the
mid-normal range and the serum free T4 in the mid- to
upper-half of the normal range (Table 1). A subgroup of
infants with CH display variable degrees of TH resistance
with persistently elevated TSH levels despite high-normal
or frankly elevated free T4 concentrations [41]. For these
patients, the addition of LT3 to LT4 therapy can facilitate
normalization of the TSH, but whether this improves out-
comes is unknown [42]. For a detailed review of evidence
and recommendations for the diagnosis and management of
CH, the reader is referred to comprehensive consensus
guidelines on this topic [31].

LT4 tablets should be crushed, suspended in a small
volume of water, breast milk, or non-soy based infant for-
mula, and administered via a syringe or teaspoon (not in a
bottle). LT4 should not be administered with multivitamins
containing calcium or iron. Although LT4 formulations
produced by different manufacturers may vary slightly
[despite reported bioequivalence as defined by the FDA], it
remains uncertain whether—or under what circumstances—
clinically significant differences exist between generic and
brand-name LT4 preparations in children. Limited data
suggest that brand-name LT4 may be superior to generic in
children with severe congenital hypothyroidism, but not in
those with equally severe acquired hypothyroidism [29, 43].

Compounded LT4 solutions do not provide reliable dosing
and should not be used. Tirosint®-SOL is a stable liquid
form of levothyroxine that is available in Europe and the
United States with reported unaltered absorption when
administered with milk (and other breakfast beverages, in
adults) [44]; however, optimal dosing of liquid LT4 pre-
parations in neonates may differ from that of tablet forms
[45, 46].

Prenatal treatment of CH may be considered in rare cases
of dyshormonogenesis that present with a large fetal goiter,
which can cause polyhydramnios as well as airway com-
promise that may obstruct breathing after birth. Intra-
amniotic injection of LT4 may help decrease fetal goiter
size to prevent these complications. Although there is no
consensus on intra-amniotic LT4 dose or schedule, several
reports have employed 150–500 μg/dose (or 10 μg/kg esti-
mated fetal weight) every 2 weeks, with adjusted frequency
based on fetal goiter response [47–49]. Intrauterine demise
and need for intubation at birth are potential complications
in such cases [50].

Outcome

Transient CH should be considered in patients without
thyroid dysgenesis who have a borderline elevated TSH at
the initiation of therapy (between 6 and 20 mIU/L with a
normal T4) and no need for an increase in LT4 dose despite
normal growth and development. An LT4 dose of <2 μg/kg
daily at age 2–3 years is associated with a greater likelihood
of transient disease [33]. A US should be performed prior to
the trial off of LT4 to confirm a normal, eutopic
thyroid gland.

In general, the prognosis for children born with CH is
excellent and the majority achieve normal neurocognitive
and physical development. However, despite optimal post-
natal treatment, children with severe CH (often associated
with athyreosis) may have mild deficits in motor develop-
ment, verbal skills, attention, or memory [51, 52]. Hearing
deficits are also present in about 10% of patients with
congenital hypothyroidism [53]. Patients and families
should be counseled about these issues, and careful mon-
itoring of development and academic progress is important
to identify and address problems early.

Acquired hypothyroidism

Etiology

The etiology of hypothyroidism is related to the iodine
status of the population. In countries or regions without
iodine supplementation programs, iodine deficiency is the
most common cause of acquired hypothyroidism. Auto-
immune (or Hashimoto) thyroiditis is the most common

Table 1 Levothyroxine weight-based dose

Age LT4 dose (μg/kg/day)

0–3 months 10–15

3–12 months 6–10

1–3 years 4–6

3–10 years 3–5

10–16 years 2–4

>16 years 1.7
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etiology in iodine-sufficient regions, and its incidence has
been increasing, including early-onset presentations
[54, 55]. The incidence of autoimmune thyroid disease is
also increased in patients with Down syndrome [56, 57],
Turner syndrome [58, 59], type 1 diabetes mellitus [60, 61],
or other forms of autoimmune disease [62]. Obesity can also
be associated with a mild increase in TSH (between 5 and
10 mIU/L), but weight loss leads to normalization of TSH
levels, indicating that this is likely an adaptation of the
hypothalamic–pituitary–thyroid axis to, rather than a cause
of, obesity [12].

Additional causes of acquired hypothyroidism include
central hypothyroidism associated with trauma or tumors of
the central nervous system, and primary hypothyroidism
after exposure to ionizing irradiation (i.e., total body irra-
diation for bone marrow transplant, treatment of Hodgkin’s
lymphoma and others) [63, 64] or after definitive treatment
of Graves’ disease, thyroid nodules, or thyroid cancer.
Consumptive hypothyroidism is a rare disorder associated
with vascular (usually hepatic) tumors in children, as well
as vascular, fibrous, and gastrointestinal stromal tumors in
adults [65]. The disorder is caused by expression of type-3
deiodinase by the tumor and subsequent inactivation of
circulating T4 (to reverse T3) and T3 (to T2) [66]. Con-
sumptive hypothyroidism should be considered in patients
that present with refractory hypothyroidism despite extra-
ordinary amounts of TH replacement [67]. Beta-blocker
therapy is associated with involution of the hemangiomas
and coincident resolution of the consumptive hypothyroid-
ism [68]. Last, numerous medications can cause hypothyr-
oidism through a variety of mechanisms (Table 2). Many of
these cases are transient, resolving after discontinuation of
the medication [27, 28].

Diagnosis

The diagnosis of acquired hypothyroidism is based on
history, physical examination, and radiologic data, inter-
preted in the context of thyroid function laboratory data.
The symptoms commonly associated with hypothyroidism,
including brittle hair, cold intolerance, slowed thinking,
weight gain, constipation, and others are often not useful in
isolation as a trigger for testing because they lack specificity
having significant cross over with common, nonthyroid
related complaints. However, after diagnosis, these symp-
toms may be followed longitudinally to aid in the adjust-
ment of TH replacement therapy [69]. Some clinical signs
may be of greater utility, including puffiness (myxedema),
slowed Achilles reflex time, and goiter. The latter is most
easily detected by visual inspection with the patient moving
from a neutral neck position to neck extension with
swallowing (see https://www.youtube.com/watch?v=Z9
norsLPKfU) [2]. Although autoimmune thyroiditis is the

most common etiology of acquired hypothyroidism, a goiter
may not be present in cases of severe and rapid
autoimmune-mediated destruction of the thyroid (atrophic
thyroiditis) [70, 71].

In pediatric patients, severe and prolonged primary
hypothyroidism (TSH typically >100 mIU/L) may present
with growth failure and pubertal delay, or rarely with
pseudo-precocious puberty (breast development in girls or
testicular enlargement in boys, both without virilization)
[70]. In both situations there is concomitant bone age (BA)
delay, and, for the majority of patients, decreased adult
height (>2 SD below mid-parental height prediction),
although some patients may achieve mid-parental target
height with combined use of LT4, gonadotropins-releasing
hormone agonist, and growth hormone (GH) therapy
[72, 73]. Additional features associated with pseudo-
precocious puberty (designated Van Wyk–Grumbach syn-
drome) include galactorrhea, vaginal bleeding, and ovarian
cysts associated with elevated prolactin, normal to high
estradiol, elevated follicle stimulating hormone (FSH) with
suppressed luteinizing hormone (LH) [70]. The ovarian
cysts may be large with an increased risk of torsion and may
be associated with elevated tumor markers including CA-
125, lactate dehydrogenase (LDH) and inhibin, all of which
normalize with LT4 therapy [74].

Table 2 Medications that alter thyroid hormone levels

Decrease TSH secretion

Glucocorticoids, dopamine agonists, somatostatin analogs—
inhibit TSH release
Immune check point inhibitors—induce hypophysitis

Alter thyroid hormone secretion

Iodinea, amiodaronea, lithium—decrease thyroid hormone
secretion

Tyrosine kinase inhibitors—unknown

Immune check point inhibitorsa—induce thyroiditis
aCan also increase thyroid hormone secretion

Decrease T4 absorption

Calcium carbonate

Iron supplements (FeSO4)

Soy-based infant formula

Proton pump inhibitors

Aluminum hydroxide antacids

Alter T3 and T4 in serum (binding protein alteration)

Estrogen—increase thyroid binding globulin

Androgens, glucocorticoids—decrease thyroid binding globulin

Heparin, furosemide, phenytoin, non-steroidal anti-inflammatory
—displace T4 from binding proteins

Increased hepatic metabolism

Phenobarbital

Phenytoin

Carbamazepine
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Prolonged elevation in TRH may also lead to anterior
pituitary enlargement with expansion of the sella turcica
caused by marked thyrotroph hyperplasia, which may be
mistaken for a pituitary macroadenoma [75, 76]. GH and
insulin-like growth factor-1 levels are often reduced in
hypothyroidism, and if tested patients would fail provoca-
tive GH testing [77]. However, in contrast to a true pituitary
macroadenoma, the pituitary mass resolves with L-T4
replacement therapy (Fig. 1) [71].

Laboratory assessment of suspected hypothyroidism
includes serum TSH and T4 concentrations. Autoantibodies
to thyroglobulin (TgAb) and thyroid peroxidase (TPOAb)
can be included to assess for autoimmune thyroiditis. In
patients with a TSH in the subclinical range (between 5 and
10 mIU/L), the presence of TgAb and/or TPOAb, a history
of an additional autoimmune disease (celiac disease, type 1
diabetes mellitus, vitiligo, and others) or chromosomopathy
(Turner or Down syndrome), and the presence of goiter on
physical examination are all associated with an increased
risk of progression to overt hypothyroidism (TSH >10 mIU/

L) [12, 69]. In a 5-year prospective study of 234 children,
50% of pediatric patients with euthyroid autoimmune
thyroiditis at diagnosis (elevated TPOAb or TgAb)
remained euthyroid; however, in patients with subclinical
hypothyroidism at presentation, 40% reverted to euthyr-
oidism, 31% progressed to overt hypothyroidism, and 25%
remained with subclinical hypothyroidism [78]. Prepubertal
children (<10 years of age) with elevated TPOAb or TgAb
are more likely to present with overt hypothyroidism and to
progress from subclinical to overt hypothyroidism com-
pared with pubertal children [55, 79]. In patients with
acquired central hypothyroidism, function of the other
anterior pituitary hormone axes should be assessed.

Another potential explanation for an elevated TSH with a
normal T4 is chronic poor compliance with LT4 followed
by adherence to taking daily LT4 several days prior to
laboratory testing. In this situation, an observed LT4
absorption test may be performed to ensure normal LT4
absorption (Fig. 2, modified from reference [28]). Last,
patients with acquired central hypothyroidism may have an
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inappropriately normal to minimally elevated TSH with a
low T4. Patients being evaluated for central hypothyroidism
should have other anterior pituitary hormone axes assessed,
with replacement of hydrocortisone prior to initiation of
LT4 in patients found to have concomitant ACTH
deficiency.

Thyroid US may be helpful in confirming the diagnosis
of autoimmune thyroiditis. Common US features of auto-
immune thyroiditis include parenchymal heterogeneity and
hypoechogenicity and the presence of hypoechoic micro-
and macro-nodules (‘cobblestone appearance’ from lym-
phatic follicle formation). Unfortunately, these features
appear to have high specificity for Hashimoto’s but low
sensitivity for identifying thyroid gland dysfunction [80].
The addition of conventional color and power Doppler
vascular imaging (CDI), as well as the more recent imaging
technique of superb microvascular imaging, improves the
sensitivity with increased blood flow being a marker for the
early phase of the thyroiditis and showing a positive cor-
relation to TSH levels in pediatric patients with Hashimo-
to’s thyroiditis [81, 82]. Thyroid US may also be
informative for diagnoses of other etiologies of hypothyr-
oidism, including obesity [83], postradiation, and che-
motherapy for the treatment of nonthyroid malignancy [84],
as well as abnormalities in thyroid gland formation [85].

Treatment and prognosis of acquired hypothyroidism

Treatment of acquired hypothyroidism consists of replacing
the deficiency of TH to improve symptoms and prevent the
adverse consequences of hypothyroidism. As in adults,
levothyroxine (LT4) is the recommended treatment for
hypothyroidism in children and adolescents. In primary
hypothyroidism, serum TSH is the most sensitive measure
of thyroid status, and the goal of therapy is to maintain
serum TSH within the age-specific normal range [86]. At
present, there are no data confirming a clinical benefit of
maintaining TSH within a lower range (e.g., 0.5–2 mIU/L).
For central hypothyroidism, in which by definition serum
TSH does not reflect systemic thyroid status, serum free T4
levels should be maintained in the upper half of the refer-
ence range [86].

The dose of LT4 required to restore euthyroidism
depends on patient age and on the severity of hypothyr-
oidism. The dose required per kilogram body mass to fully
replace thyroid function is significantly higher in children
than in adults and decreases with age (Table 1). Thyroid
function should be assessed 4–6 weeks after initiation or
any change in LT4 dose, and the dose should be adjusted to
achieve and maintain consistent euthyroidism. Once stable,
thyroid function testing should be performed every
6 months through adolescence. For patients with profound
hypothyroidism (TSH >100 mIU/L), initiation of treatment

may be associated with changes in behavior [87] and,
rarely, pseudotumor cerebri [88].

As in adults, there is considerable controversy in the
pediatric literature over whether subclinical hypothyroidism
should be treated [89–91]. To date there are no clear data
showing short- or long-term negative consequences asso-
ciated with untreated, idiopathic subclinical hypothyroid-
ism, including no apparent adverse effect on linear growth,
cardiovascular risk, behavior, or cognition [90–92]. How-
ever, because the risks of LT4 replacement therapy are low,
many clinicians consider it reasonable to initiate treatment
to avoid any potential negative impact on growth and
development. Treatment may also be stratified based on
risk, with patients selected for LT4 treatment if they have a
history of a nonthyroid autoimmune disease (celiac, type 1
diabetes, vitiligo, and others), chromosomopathy (Down
syndrome or Turner syndrome), goiter, elevated TPOAb or
TgAb, or US findings suggestive of autoimmune thyroiditis.
Subclinical hypothyroidism may also be associated with an
increase in total and low-density lipoprotein cholesterol
which may serve as a marker for tissue-level hypothyroid-
ism as well as be related to increased cardiovascular risk in
adults [93]. Thus, while there is no indication that patients
with subclinical hypothyroidism benefit in general from
LT4 replacement therapy, an individualized approach to
treatment may be warranted [12, 69, 89].

Adherence to LT4 may be influenced by multiple factors,
including who administers the medication (parent/care-
giver, patient, school nurse), the location where the medi-
cation is stored (kitchen vs. bedroom vs. bathroom), and the
time of day when the medication is administered. Although
the majority of providers and pharmacists recommend
administration of LT4 prior to breakfast, bedtime adminis-
tration may be more convenient and does not appear to be
associated with worse control of hypothyroidism in children
and adolescents [94]. A pill box may aid in reminding and
tracking medication adherence, and newer, Bluetooth-
enabled pill boxes and bottle caps can track dose adminis-
tration and send an electronic reminder to both the patient
and caregiver when a dose has been missed or to prevent a
double-dosing. Additional interventions to improve adher-
ence include phone-based applications that can alarm or text
patients to remind them to take their medication. Ongoing
age-appropriate education about the disease and its treat-
ment is critical to optimize adherence, and interventions can
be combined with rewards to incentivize adherence [95].

In patients for whom adherence is in question after
assessing possible confounding medical, dietary, and med-
icinal factors, a supervised LT4 absorption test can be
performed. After an overnight fast, the patient ingests—
under direct observation in the outpatient clinic—the
cumulative equivalent of 3 days of LT4 followed by
100–200 ml of water (modified protocol from Koulouri
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et al.) [28]. An LT4 is mainly absorbed in the duodenum,
jejunum, and ileum, with maximum absorption in a
euthyroid patient occurring ~2-h after ingestion [96]. T4
levels are measured every 30 min for 3–4 h to assess for a
rise in serum T4 levels. Supervised observation of LT4
dosing is continued at home for the next 4–5 weeks with
weekly TSH and T4 measurements to assess for TSH nor-
malization. Adjustments in LT4 dosing and lifestyle can
then be pursued.

Outcome

The goal of TH replacement in children and adolescence is
similar to adults, to reduce or eliminate hypothyroidism-
related signs and symptoms, with the additional target of
achieving normal growth and development. For many
pediatric patients, LT4 replacement is anticipated to be life-
long; however, there is potential to discontinue LT4 in
patients with drug-induced hypothyroidism (amiodarone,
lithium, and others) and even in some patients with auto-
immune thyroiditis [97]. There are no data supporting that
dietary supplements or a gluten-free diet can help achieve
remission of autoimmune thyroid disease, but this is a topic
of interest for many patients and families, and future
research in this area is warranted [98–100].

Summary

Pediatric hypothyroidism is common, and while there are
many similarities between children and adults with respect
to its evaluation and treatment, the importance of optimiz-
ing thyroid health is amplified in children and adolescents
because of the impact of hypothyroidism on neurocognitive
development and physical growth. Universal salt iodization
programs and routine newborn screening facilitate preven-
tion and prompt diagnosis and treatment of infants with CH,
and these programs have been highly effective at reducing
preventable and irreversible neurocognitive deficits for the
vast majority of patients. In children and adolescents,
autoimmune thyroiditis remains the dominant cause of
acquired hypothyroidism, but many other etiologies are
common in clinical practice. Multiple gaps in knowledge
remains regarding how to optimize the treatment of hypo-
thyroidism in pediatric patients, including (but not limited
to) the selection of patients with subclinical hypothyroidism
for treatment, and the potential benefit of combined LT3/
LT4 therapy for patients with persistent symptoms and/or
low T3 on LT4 monotherapy. The life-long impact on
growth and development, and potentially on long-term
cardiovascular and psychosocial health, are significant and
highlight the importance of future prospective studies in
pediatric patients to explore these areas of uncertainty.
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