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Abstract Thyroid hormone has important physiologic

functions in nearly every organ system. The critical role of

thyroid hormone in growth and in physical and neurologic

development lends particular importance to the prompt

diagnosis and appropriate treatment of hypothyroidism in

infants and children. Congenital hypothyroidism is com-

mon and has potentially devastating neurologic conse-

quences. While the approach to diagnosis and treatment of

severe congenital hypothyroidism is well established, data

continue to emerge about the genetic causes, clinical sig-

nificance, and prognosis of the milder forms of congenital

hypothyroidism that are increasingly being diagnosed by

newborn screening. Similarly, the diagnosis and treatment

of severe acquired hypothyroidism is straightforward and

clearly of clinical benefit, but uncertainty remains about the

optimal management of mild subclinical hypothyroidism.

This review summarizes current knowledge of the causes,

clinical manifestations, diagnosis, treatment, and prognosis

of hypothyroidism in infants and children, with a focus on

recent developments and areas of uncertainty in this field.

Key Points

Hypothyroidism in infants and children may have

significant detrimental effects on health, growth, and

development, but prompt diagnosis and treatment

leads to excellent outcomes.

Uncertainty remains about the optimal management

of mild, subclinical forms of hypothyroidism in

children.

1 Introduction

The primary function of the thyroid gland is the production

and secretion of thyroid hormone. Hypothyroidism occurs

when the concentration of circulating thyroid hormone is

inadequate to maintain a normal level of thyroid hormone

signaling at the tissue level. Because thyroid hormone

modulates the function of nearly every organ system, the

consequences of hypothyroidism include important effects

on cardiovascular, neurologic, gastrointestinal, and meta-

bolic function. In children, thyroid hormone also plays a

critical role in normal growth and development, and

hypothyroidism results in significant impairments in these

processes. Therefore, prompt recognition and treatment of

hypothyroidism in infants and children is essential to

optimizing physical and neurodevelopmental outcomes.

This review aims to provide an overview of the causes of

pediatric hypothyroidism and a practical approach to its

diagnosis and treatment, including recent advances and

controversies in this field.
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2 Causes of Hypothyroidism in Infants
and Children

Thyroid gland function is controlled directly by pituitary

secretion of thyroid-stimulating hormone (TSH), which

binds to its receptor on the thyroid follicular cell to stim-

ulate thyroid hormone production and secretion as well as

thyroid growth. Secretion of TSH by anterior pituitary

thyrotropes is regulated in turn by thyrotropin-releasing

hormone (TRH) secreted from the hypothalamus. In the

hypothalamus and pituitary, circulating thyroid hormones

suppress production of TRH and TSH, respectively, com-

pleting a negative feedback loop that maintains normal

thyroid homeostasis.

The primary hormone secreted by the thyroid gland is

thyroxine (T4). Circulating T4 has a long half-life (about

7 days) and functions as a prohormone that is converted in

peripheral tissues to the biologically active hormone tri-

iodothyronine (T3), which has a 15-fold higher affinity for

thyroid hormone receptors than does T4. About 20% of

circulating T3 is secreted directly by the thyroid. Patho-

physiologically, causes of hypothyroidism can be divided

into conditions that impair the function of the thyroid gland

itself (primary hypothyroidism) and those that affect

hypothalamic and/or pituitary control of the thyroid (cen-

tral hypothyroidism). A number of rare disorders that cause

hypothyroidism at the tissue level through alterations in the

metabolism or transmembrane transport of thyroid hor-

mone will not be discussed in this review.

2.1 Primary Hypothyroidism

2.1.1 Congenital Hypothyroidism

The first programs to establish universal neonatal screening

for congenital hypothyroidism reported an incidence of

about 1:3000–1:4000 births [1]; however, in the last decade

the apparent incidence has nearly doubled to roughly

1:2000 births [2]. This change is due primarily to increased

stringency of newborn screening (principally lowering of

TSH thresholds for diagnosis), which has led to increased

detection of milder cases but no change in the incidence of

severe congenital hypothyroidism [3, 4]. Thyroid function

abnormalities are present on newborn screening more

commonly in infants born preterm or with low birth weight

and in infants with trisomy 21 [5].

Congenital hypothyroidism may be caused by failure of

normal thyroid gland development (dysgenesis) or by

failure of an anatomically normal thyroid gland to produce

thyroid hormone normally (dyshormonogenesis). Thyroid

dysgenesis is more common and classically has accounted

for 85% of congenital hypothyroidism, while

dyshormonogenesis has accounted for only 15%. However,

this pattern has shifted with recent changes in newborn

screening strategies and demographics and, in several

recent studies, 30–40% of infants diagnosed with congen-

ital hypothyroidism had a eutopic thyroid gland consistent

with a form of dyshormonogenesis [3, 4, 6].

Despite its relative frequency, thyroid dysgenesis

remains a disorder whose causes are poorly understood.

Most cases are sporadic, and it is doubtful that novel

germline genetic changes will be found to account for a

substantial proportion of thyroid dysgenesis given the high

rate of discordance in monozygotic twins [7]. In fact,

defects in known genes involved in thyroid development

(such as PAX8, NKX2.1, and FOXE1) are found in only

2–5% of cases of thyroid dysgenesis [8]. In contrast,

dyshormonogenesis is often caused by defects in the cel-

lular machinery of thyroid hormone synthesis, including

mutations of thyroglobulin (TG), thyroid peroxidase

(TPO), dual oxidase 2 (DUOX2) and its associated protein

(DUOXA2), the sodium-iodide symporter (SLC5A5), the

apical iodide transporter pendrin (SLC26A4), and iodoty-

rosine deiodinase (IYD) [9]. Of these, mutations in

DUOX2, TG, TPO, and the TSH receptor (TSHR) are most

common, although the absolute and relative frequency of

each varies substantially among studies, likely based on

region, ethnicity, and clinical characteristics of the patient

cohort examined [10–13].

Several extrinsic factors can cause hypothyroidism at

birth or in the early neonatal period. Transplacental pas-

sage of antithyroid medications used to treat hyperthy-

roidism (methimazole, carbimazole, or propylthiouracil) or

of maternal IgG antibodies that block activation of the TSH

receptor can cause transient congenital hypothyroidism

until the causative agent is cleared from the neonatal cir-

culation. Iodine deficiency remains a common cause of

neonatal hypothyroidism worldwide, although its global

incidence has decreased dramatically with widespread

introduction of salt iodization programs. Nevertheless,

preterm infants remain at increased risk of iodine defi-

ciency, particularly because of the low iodine content of

preterm infant formulas and of the parental nutrition

commonly used in intensive care nurseries [14]. Iodine

excess can also cause hypothyroidism, particularly in pre-

term infants [15], and may originate from topical iodine-

based antiseptics [16, 17], radiographic contrast agents

[18], or high maternal dietary intake of iodine that is passed

through breast milk [19, 20].

2.1.2 Acquired Hypothyroidism

The most common cause of acquired hypothyroidism in

children is autoimmune thyroiditis, a T-cell-mediated
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response to thyroid autoantigens leading to inflammation,

fibrosis, and impaired function of the thyroid. The under-

lying cause of autoimmune thyroiditis is not known, but the

disorder is associated with numerous genetic loci including

those related to the thyroid itself and to immune functions

including CTLA-4, PTPN22, FOXP3, and the human

leukocyte antigen (HLA) DR3 allele [21]. The incidence of

autoimmune thyroiditis increases with age: it is rare in the

first 3 years of life and becomes progressively more com-

mon through school age and adolescence. It is more

common in females and in patients with trisomy 21 and

Turner syndrome.

Other causes of thyroiditis besides autoimmunity may lead

to acquired hypothyroidism.Thyroiditis occurring after a viral

infection is often (but not always) associated with fever and

thyroid tenderness, and is usually transient. Acute suppurative

thyroiditis due to bacteria or fungi occurs rarely, usually in

patients with pyriform sinus fistulae and/or immunocompro-

mise, but these infections generally cause symptoms of local

and systemic inflammation without significant abnormalities

of thyroid function. Numerous medications can cause

hypothyroidism including lithium, amiodarone, certain

antiepileptics, biological agents like interferons and inter-

leukins, and antithyroid medications (Table 1).

Iodine deficiency remains an important cause of

acquired hypothyroidism in areas of the world with insuf-

ficient dietary iodine. On the other hand, recently attention

has been drawn to the possible role of iatrogenic iodine

excess from radiographic contrast as a potentially under-

appreciated cause of hypothyroidism in children. A recent

study demonstrated that the odds of developing hypothy-

roidism are increased 2.6-fold in children receiving iodi-

nated radiographic contrast compared with controls [22],

but the duration and clinical significance of this hypothy-

roidism remain unclear. Certain cough suppressants and

nutritional supplements may also contain large amounts of

iodine that can suppress thyroid function. Iatrogenic

hypothyroidism may occur after surgical thyroidectomy,

radioiodine ablation for Graves’ disease, or exposure to

external radiation (such as for cancer therapy). Children

with mild defects in certain genes that can cause congenital

hypothyroidism (such as DUOX2) may present with

hypothyroidism later in childhood rather than at birth [23].

Rarely, a large hepatic hemangioma may cause consump-

tive hypothyroidism in an infant due to massive overex-

pression of the enzyme type 3 deiodinase, which converts

both T4 and T3 to inactive metabolites [24].

2.2 Central Hypothyroidism

Because central hypothyroidism is caused by defects in

hypothalamic or pituitary control of the thyroid axis, this

type of hypothyroidism is usually associated with deficits

of other pituitary hormones including growth hormone,

gonadotropins, and adrenocorticotrophic hormone

(ACTH). Congenital central hypothyroidism is rare, with

an incidence between 1:16,000 and 1:110,000 [25–27], and

is usually caused by inborn structural or functional defects.

Some of these defects are caused by mutations in one of

many genes involved in hypothalamic and pituitary

development [28]. Multiple pituitary hormone deficiencies

are present in about 75% of infants with congenital central

hypothyroidism [29], but very rare cases of isolated con-

genital central hypothyroidism may be due to mutations in

Table 1 Pediatric drugs that interact with thyroid function

Decreased TSH secretion

Dopamine, dopamine agonists

Somatostatin, somatostatin agonists

Glucocorticoids

Carbamazepine, oxcarbazepine

Decreased thyroid hormone synthesis

Methimazole, propylthiouracil

Lithium

Iodine (e.g., antiseptics, radiographic contrast agents)

Amiodarone

Interferons, interleukins

Altered thyroid hormone metabolism

Phenobarbital

Phenytoin

Valproic acid

Rifampin

Propranolol

Altered thyroid hormone binding

Nonsteroidal anti-inflammatory drugs

Salicylates

Furosemide

Heparin

Fatty acids

Androgens

Estrogens

Heroin, methadone

Mitotane

Decreased absorption of levothyroxine

Bile acid sequestrants

Proton pump inhibitors

Calcium carbonate

Ferrous sulfate

Phosphate binders (e.g., sevelamer)

Simethiconea

Sucralfatea

Some drugs may interact through multiple mechanisms

Modified from references [89, 90]
a Limited evidence of impairment of levothyroxine absorption
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the TRH receptor (TRHR) [30], the TSH b-subunit (TSHB)
[31], IGSF1 [32], or the newly implicated gene TBL1X

[33]. Acquired central hypothyroidism is caused by struc-

tural changes, mass lesions, trauma, or central nervous

system infection or inflammation affecting the hypothala-

mus or pituitary, and it is generally accompanied by mul-

tiple pituitary hormone deficits.

3 Clinical Manifestations of Hypothyroidism

Thyroid hormone signaling plays an important role in

diverse physiologic processes. In addition to being critical

for normal growth and neurodevelopment, thyroid hor-

mone raises basal metabolic rate and body temperature;

increases heart rate, decreases systemic vascular resistance,

and increases cardiac output; promotes gastrointestinal

motility; and increases renal clearance of salt and water.

Common signs and symptoms of hypothyroidism are listed

in Table 2, but these are highly variable among individuals

and do not necessarily correlate with the degree of bio-

chemical hypothyroidism. Therefore, any clinical suspicion

of hypothyroidism in a child should prompt laboratory

testing of thyroid function.

Because thyroid hormone is essential for normal neu-

rologic and cognitive development [34], hypothyroidism in

infants poses a risk of severe neurocognitive deficits if not

treated promptly and adequately. Moreover, infants (par-

ticularly in the first few weeks of life) may manifest few or

no symptoms even with significant hypothyroidism, mak-

ing clinical diagnosis difficult in this age group. Fortu-

nately, universal newborn screening has virtually

eliminated severe intellectual disability due to congenital

hypothyroidism in the developed world, but congenital

hypothyroidism remains a leading cause of preventable in-

tellectual disability in areas without newborn screening

programs. Even in areas with active screening programs,

up to 10% of cases of congenital hypothyroidism may not

be detected by screening in the first few days of life

[35, 36], so a high index of suspicion for hypothyroidism is

necessary in any infant with poor growth, developmental

delay, prolonged indirect hyperbilirubinemia, or other

suggestive findings.

Symptoms of hypothyroidism in older children are often

subtle and nonspecific, such as fatigue, cold intolerance,

weight gain or constipation. Evaluation for primary

hypothyroidism is often prompted by the finding of thyroid

enlargement (goiter) or impaired linear growth. Hypothy-

roidism may cause delayed puberty, but rarely severe cases

can cause pseudo-precocious puberty with breast devel-

opment and/or premature menarche in girls [37] or testic-

ular enlargement in boys [38]. This effect is presumably

due to cross-reactivity of high serum concentrations of

TSH with the follicle-stimulating hormone (FSH) receptor

[39]. Such pseudoprecocity is distinguished from true

precocious puberty by the presence of retarded—rather

than accelerated—growth and bone maturation.

4 Diagnosis of Hypothyroidism

The diagnosis of hypothyroidism rests on biochemical

confirmation of inadequate thyroid function by measuring

serum concentrations of TSH and total or free T4. Thyroid

hormones circulate bound to plasma proteins, and their

biological action is exerted only by the tiny fraction of

circulating hormone (0.02–0.1%) that is unbound or ‘free.’

The serum free T4 concentration can be assayed directly or

can be estimated by using the total T4 concentration along

with a measurement of protein binding (such as a thyroid

hormone binding ratio) to calculate a ‘free T4 index.’ The

direct free T4 assays available in most clinical laboratories

are generally reliable in otherwise healthy ambulatory

patients but may be inaccurate in patients with severe

systemic illness or abnormalities of protein binding, so

caution is needed when interpreting such tests in this

setting.

Table 2 Symptoms and signs of hypothyroidism in children

Infants

Goiter

Poor feeding

Constipation

Hypothermia

Bradycardia

Edema

Large fontanelle

Macroglossia

Prolonged jaundice

Umbilical hernia

Poor growth

Developmental delay

Children and adolescents

Goiter

Fatigue

Constipation

Cold intolerance

Bradycardia

Edema

Delayed deep tendon reflexes

Dry skin

Poor growth

Delayed pubertal development

Abnormal menses
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In primary hypothyroidism, TSH elevation is the first

detectable abnormality, with free T4 levels falling only

when hypothyroidism becomes more severe. For this rea-

son, TSH is the single most sensitive test for diagnosing

primary hypothyroidism and for monitoring its treatment.

In contrast, central hypothyroidism should be suspected

when free T4 is low and TSH is low or normal (i.e., not

appropriately elevated in response to low free T4). During

hypothyroidism, changes in thyroid hormone metabolism

serve to maintain normal circulating levels of T3 until the

late stages of disease. For this reason, measurement of

serum T3 or free T3 generally is not useful in the evalua-

tion of hypothyroidism.

In infants and children, the normal ranges of serum TSH

and free T4 differ by age. Therefore, it is important to use

appropriate age-specific reference ranges when interpreting

pediatric thyroid function tests [40–42]. Evaluation of a

patient’s thyroid status may be affected by numerous

medications (Table 1) as well as by the presence of non-

thyroidal illness (‘euthyroid sick syndrome’), which causes

changes in thyroid function tests that can mimic true thy-

roid dysfunction [43]. A careful history and physical

examination is needed to identify such potential con-

founding factors.

4.1 Diagnosis of Congenital Hypothyroidism

Universal newborn screening for congenital hypothy-

roidism is practiced in many countries [2]. Screening

protocols vary by region but generally begin with mea-

surement of TSH and/or T4 in a dried blood spot collected

from each infant within a few days after birth. Prompt

diagnosis and treatment of congenital hypothyroidism is

critical for ensuring optimal developmental outcome, so

any abnormal newborn screen result should prompt

immediate confirmation of TSH and free T4 concentrations

in a serum sample. TSH elevation, with or without low free

T4, indicates the presence of congenital primary hypothy-

roidism. Central hypothyroidism may be present if free T4

is low and TSH is normal or low; however, this condition

can be difficult to diagnose, particularly in ill or preterm

infants (see below). If central hypothyroidism is confirmed,

further evaluation should include assessment for other

pituitary hormone deficits and brain imaging that includes

the hypothalamus and pituitary. Examination of the optic

discs by a pediatric ophthalmologist may reveal evidence

of associated septo-optic dysplasia.

Many variables can influence the interpretation of

newborn screening results, including the timing of sample

collection and patient characteristics. Blood samples

obtained within the first 24 h of life may give false-positive

results due to the surge in TSH secretion (up to

60–80 mIU/L) that normally occurs within hours after

birth. Preterm, low birth weight, or ill neonates may have

altered patterns of thyroid function that may confound

newborn screening, including low free T4 with normal or

low TSH that mimics central hypothyroidism [44], or pri-

mary hypothyroidism with a delayed rise in TSH [45] that

may be missed by early screening (see Sect. 5.3.2).

Because of these issues, gestational age- and postnatal age-

specific reference ranges should be used when interpreting

neonatal thyroid function tests [46], and prompt consulta-

tion with a pediatric endocrinologist should be pursued in

uncertain cases.

In infants with congenital hypothyroidism, determina-

tion of the etiology frequently does not alter initial

management but may provide insight into prognosis. The

presence or absence of a normally located thyroid gland

can be assessed by ultrasound or thyroid scintigraphy

(using 99mTc or 123I), which can help distinguish between

thyroid dysgenesis and dyshormonogenesis. 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

[47–49]. The potential presence of TSH receptor-blocking

antibodies should be considered in patients with a eutopic

thyroid gland on ultrasound even if there is no maternal

history of autoimmune thyroid disease [50]. If TSH

receptor antibodies are documented in maternal or

neonatal serum, they portend a transient course of

hypothyroidism that resolves within 3–4 months [51],

although neurodevelopment may be impaired if the

mother had unrecognized hypothyroidism during gesta-

tion, even with institution of prompt postnatal treatment

[50].

4.2 Diagnosis of Acquired Hypothyroidism

Most cases of acquired hypothyroidism in children are

caused by autoimmune thyroiditis. Circulating autoanti-

bodies to thyroperoxidase and/or thyroglobulin are

detectable in about 95% of such patients, and their pres-

ence is sufficient to confirm the diagnosis of autoimmune

thyroiditis. A detailed medical, dietary, and medication

history should reveal other causes of acquired hypothy-

roidism. Symptoms of fever and thyroid tenderness suggest

infectious (usually postviral) thyroiditis. Measurement of

urinary iodine concentration can diagnose iodine defi-

ciency or excess. Thyroid imaging is generally not neces-

sary in the evaluation of hypothyroidism, although the

finding of heterogeneous echotexture on ultrasound may

support a diagnosis of autoimmune thyroiditis in antibody-

negative cases of uncertain etiology. As in infants, a

diagnosis of central hypothyroidism in an older child or

adolescent should prompt brain imaging and evaluation for

other pituitary hormone deficits.
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5 Treatment and Prognosis of Hypothyroidism

Treatment of hypothyroidism consists of replacing the

deficiency of thyroid hormone to improve symptoms and

prevent the adverse consequences of hypothyroidism. As in

adults, levothyroxine (LT4) is the recommended treatment

for hypothyroidism in children. 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 [52]. At present, data do not

convincingly indicate 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 reference

range [52].

The dose of LT4 required to restore euthyroidism

depends on patient age and on the severity of hypothy-

roidism. 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 3). After

starting therapy, thyroid function must be assessed and the

LT4 dose adjusted regularly to achieve and maintain con-

sistent euthyroidism.

In the United States, LT4 should be administered in

tablet form only given the inconsistency of the liquid for-

mulations available. For infants, LT4 tablets should be

crushed, suspended, and administered in a small volume of

water, breast milk, or infant formula. Older children can

chew or swallow tablets. Although LT4 formulations pro-

duced by different manufacturers may vary slightly [de-

spite apparent bioequivalence as determined by the Food

and Drug Administration (FDA)], it remains uncertain

whether—or under what circumstances—there is a clini-

cally significant difference between generic and brand-

name LT4 preparations in children. Limited data suggest

that brand-name LT4 may be superior to generic in chil-

dren with severe congenital hypothyroidism, but not in

those with equally severe acquired hypothyroidism [53].

LT4 should not be administered with substances that can

affect its absorption, including calcium or iron supple-

ments, or soy products. The latter is particularly important

in infants with congenital hypothyroidism, in whom

introduction of soy-based infant formula is a well described

cause of undertreatment [54, 55]. Celiac disease, more

common in older children and adolescents, can also impair

absorption of LT4 [56].

Some patients do not experience complete resolution of

hypothyroid symptoms when treated with sufficient LT4 to

normalize their TSH and free T4. It has been proposed that

this may be due to the lower (though still normal) levels of

serum T3 that are generally observed in hypothyroid

patients treated with LT4, and that therefore addition of

liothyronine (LT3) to traditional LT4 monotherapy may be

beneficial in such patients [57]. The identification of a

common polymorphism in the enzyme type 2 deiodinase

that might alter conversion of T4 to T3 has generated

interest as a potential pathophysiological rationale for this

hypothesis [58]. However, this remains a theoretical pro-

spect and the preponderance of clinical evidence does not

support any benefit of combined LT4 ? LT3 therapy over

LT4 alone in most patients [59]. Therefore, LT3 treatment

is not recommended routinely for the treatment of

hypothyroidism in adults or children [52].

5.1 Treatment of Hypothyroidism in Infants

Because thyroid hormone plays a critical role in normal

neurologic development, particularly through the first

3 years of life, infants with suspected hypothyroidism

require rapid evaluation and treatment. As noted above,

abnormal newborn screening results should be confirmed

immediately by measurement of serum TSH and free T4

levels. LT4 should be initiated without delay in any patient

with confirmatory serum TSH [20 mIU/L, or with TSH

6–20 mIU/L and low free T4 levels [60]. 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. Optimally, treatment

should be initiated no later than 2 weeks of age, since

delays in treatment of congenital hypothyroidism are cor-

related with poorer outcomes [60–62].

The management of infants with mild TSH elevation

(serum TSH 6–20 mIU/L) and normal free T4 levels is

controversial. Although an increasing number of these

patients is being identified by more stringent newborn

screening thresholds, the precise neurodevelopmental risks

posed by untreated mild disease remain uncertain [63]. One

study of 284 Belgian children found no association

between mild TSH elevation on newborn screening and

psychomotor development at preschool age [64]. In con-

trast, a much larger study of over 500,000 Australian

children found that mild elevations of newborn whole

Table 3 Replacement dosing of levothyroxine (LT4) in pediatric

hypothyroidism

Age LT4 dose (lg/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 1.6

Modified from references [52, 91]
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blood TSH were associated with poorer academic perfor-

mance and greater odds of having special needs, after

adjustment for potential confounders [65]. However, this

retrospective study could not demonstrate causality, and

(likely for ethical reasons) few studies have rigorously

investigated whether infants with mild subclinical con-

genital hypothyroidism benefit from LT4 treatment.

Therefore, many practitioners elect to treat infants with

such mild subclinical congenital hypothyroidism to prevent

any possible adverse developmental effects, but withhold-

ing treatment and closely monitoring thyroid function is

also reasonable, in discussion with the family [60].

Infants diagnosed with congenital hypothyroidism

should be treated with LT4 10–15 lg/kg daily. Starting

treatment early with an adequate dose of LT4 facilitates

rapid normalization of thyroid function, which appears to

improve outcomes [61, 66–68]. However, high doses of

LT4 can quickly result in overtreatment [69], which has

also been associated with impaired development and

decreased IQ [70]. Therefore, close monitoring of serum

thyroid function tests 1–2 weeks after starting treatment

and every 2–4 weeks thereafter, with adjustment of LT4

dose as appropriate, is necessary until they have

normalized.

Since both undertreatment and overtreatment of con-

genital hypothyroidism are associated with adverse neu-

rocognitive sequelae, the goal of ongoing management is

scrupulous maintenance of euthyroidism, particularly in the

first 3 years of life. Serum TSH should be maintained in the

age-specific normal range, and serum free T4 should be

maintained in the upper half of the age-specific normal

range. To achieve this goal, frequent monitoring of serum

thyroid function tests is necessary every 1–2 months in the

first 6 months of life, every 1–3 months in the second

6 months, and then every 2–4 months through to 3 years of

age. TSH and free T4 should also be checked 4 weeks after

any change in LT4 dose. For a detailed review of evidence

and recommendations for the diagnosis and management of

congenital hypothyroidism, the reader is referred to com-

prehensive consensus guidelines on this topic [60, 62].

In patients who are not known to have thyroid dysgen-

esis, a trial off LT4 may be appropriate after 3 years of age

to assess whether hypothyroidism is permanent. In patients

with a eutopic thyroid gland, the degree of TSH elevation

at diagnosis is not predictive of disease permanence, but

patients who require\2 lg/kg of LT4 daily are more likely

to have transient disease [47].

The prognosis of children born with congenital

hypothyroidism is generally excellent. Early and adequate

treatment with LT4 prevents severe neurocognitive deficits

and results in normal global intelligence (IQ). However, in

spite of optimal postnatal treatment, mild deficits may

persist in several domains—including motor development,

verbal skills, attention, and memory—particularly in chil-

dren born with severe hypothyroidism [71–74]. Hearing

deficits are also present in about 10% of patients with

congenital hypothyroidism [75]. Patients and families

should be counseled about these issues, and careful moni-

toring of development and academic progress is important

to identify and address any problems early.

5.2 Treatment of Hypothyroidism in Children

and Adolescents

For older children and adolescents with hypothyroidism,

the dose of LT4 necessary to restore euthyroidism depends

on both severity of the hypothyroidism and the age of the

patient (Table 3). Patients with acquired hypothyroidism

can generally be initiated immediately on the chosen dose

of LT4 at the time of diagnosis. In rare cases, initiation of

treatment in a child with severe hypothyroidism can be

associated with severe behavioral symptoms [76] or pseu-

dotumor cerebri [77]; however, it is not clear whether

initiating a lower dose and increasing it over time decreases

the risk of such reactions [77]. Once a child is stably

euthyroid on LT4, TSH can be monitored every 6 months

until the end of puberty and linear growth, and annually

thereafter, as well as 4–8 weeks after any change in LT4

dose. Annual TSH monitoring may also be sufficient for

older children who have demonstrated good adherence and

stable euthyroidism on treatment. Monitoring of free T4 is

useful in certain situations, such as when treatment non-

adherence is suspected or in certain patients with congen-

ital hypothyroidism who manifest a persistent pattern of

simultaneously elevated TSH and free T4.

Treatment of acquired hypothyroidism is highly effec-

tive and results in the resolution of most symptoms. Sig-

nificant weight loss is usually not observed [78].

Importantly, poor growth sustained during long-standing

hypothyroidism may not be compensated after initiation of

treatment, leading to an irremediable loss of adult height

[79]. Adolescent female patients should be counseled about

the potential need for increased LT4 dosing during future

pregnancy or with use of estrogen-containing contracep-

tives, as well as the small but potentially serious risk of

TSH receptor-blocking antibodies that could cause

hypothyroidism in a future child.

5.3 Special Considerations

5.3.1 Subclinical Hypothyroidism

The state of mild primary hypothyroidism characterized by

elevated serum TSH but free T4 concentrations within the

normal range is termed subclinical hypothyroidism. Whe-

ther subclinical hypothyroidism is associated with adverse
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consequences in children remains uncertain. The issue of

subclinical congenital hypothyroidism is discussed in Sect.

5.1. In older children, studies have examined the potential

effects of subclinical hypothyroidism on such outcomes as

cardiovascular health, lipid profile, cognitive function and

behavior, and bone health (recently reviewed in [80]).

Overall, subclinical hypothyroidism does not appear to

have clinically significant adverse effects in any of these

areas, but confidence in this conclusion is limited by the

quality of many of the studies, and whether a subtle effect

could potentially be present remains to be determined.

While subclinical hypothyroidism is often envisioned as

an intermediate step on the path to overt hypothyroidism,

this progression is far from certain in the pediatric popu-

lation. In fact, subclinical hypothyroidism in children fre-

quently resolves without treatment or may persist for long

periods without progressing to overt hypothyroidism. In a

large Israeli study, 74% of children with TSH 5.5–10 mIU/

L reverted to euthyroidism and only 8.5% progressed to

highly elevated TSH ([10 mIU/L) over 5 years [81].

Progression from subclinical to overt hypothyroidism is

more common in children with autoimmune thyroiditis, but

even in this group progression occurs in only 31% over

4 years, while 34% revert to euthyroidism over the same

period [80]. Finally, even in infants under 1 year of age, in

whom the threshold for treatment may be lower due to

concerns about neurodevelopment, a large retrospective

study demonstrated that mild subclinical TSH elevation

(5–10 mIU/L) resolved spontaneously in 72% of infants

and persisted without worsening in 18% over a median of

5 months, while only 10% progressed to worse hypothy-

roidism (TSH[10 mIU/L) [82].

Uncertainty about the clinical consequences of sub-

clinical hypothyroidism and its variable natural history

contribute to significant variation in the management of

this condition, and high-quality evidence to guide treat-

ment decisions is lacking. In general, treatment should be

considered for children with persistent subclinical

hypothyroidism who are under 3 years of age, who have

symptoms strongly suggestive of hypothyroidism, or whose

TSH is above 10 mIU/L. On the other hand, children with

milder subclinical hypothyroidism can often be observed

without treatment.

5.3.2 Preterm and Low Birth Weight Infants

Infants born preterm (\37 weeks) and/or with low birth

weight (\2500 g) have a distinct pattern of postnatal thy-

roid function from term infants of normal weight. Differ-

ences include a smaller postnatal surge in TSH levels and

lower initial serum total and free T4 concentrations that

may decrease during the first days of life (rather than

increase as in term infants). These differences are due to

multiple factors including immaturity of the hypothalamic–

pituitary–thyroid axis; loss of maternal T4 that would

normally be transferred to the fetus in the third trimester;

changes in thyroid hormone metabolism; frequent and

often severe illness in these neonates; and exposure to

medications that may affect thyroid function (such as

dopamine, glucocorticoids, and iodine-contained antisep-

tics). As a result, preterm and low birth weight infants often

present with abnormalities of thyroid function that require

evaluation and possible treatment.

As in term infants, the presence of TSH elevation in a

preterm or low birth weight infant indicates primary

hypothyroidism that should be managed as congenital

primary hypothyroidism (see Sect. 5.1). However, the

natural history of thyroid function in these infants fre-

quently results in a state of low T4 (or free T4) without

TSH elevation, a pattern resembling central hypothy-

roidism or nonthyroidal illness. Although concern has

existed for decades that this so-called ‘hypothyroxinemia

of prematurity’ is harmful to neurodevelopment [83],

studies have produced conflicting results. The only ran-

domized, controlled trial to address this question showed

no effect of LT4 treatment on clinical or neurodevelop-

mental outcomes at 2 years of age [84]. Although a post

hoc subgroup analysis showed a possible benefit of LT4 in

infants born before 27 weeks’ gestation, a significant

benefit did not persist at 10 years of age [85]. Furthermore,

other recent studies have shown no association between

low free T4 in preterm infants and developmental out-

comes [86], or even improved outcomes in infants with

lower free T4 [87]. In summary, it remains uncertain

whether treatment is beneficial for preterm or low birth

weight infants with low T4 and no TSH elevation. How-

ever, if treatment with LT4 is elected, a starting dose of

8 lg/kg/day may be optimal for normalizing serum free T4

levels [88].

6 Summary

Pediatric hypothyroidism is common, and the combination

of routine newborn screening and careful clinical obser-

vation should allow for prompt diagnosis and institution of

treatment, which is highly effective and results in excellent

outcomes in the vast majority of cases. While autoimmune

thyroiditis remains the dominant cause of acquired

hypothyroidism in children, the fundamental pathophysi-

ology of most congenital hypothyroidism remains an

enigma despite continued advances in our understanding of

the genetic causes of dyshormonogenesis and central

hypothyroidism. While the rationale for and approach to

treating overt hypothyroidism are sound and generally

uncontroversial, uncertainty still surrounds the issue of
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subclinical hypothyroidism, including whether this state

has adverse clinical consequences and merits treatment.

This uncertainty is particularly acute in the case of sub-

clinical congenital hypothyroidism, given the high devel-

opmental stakes. Further high-quality, ideally prospective

studies are necessary to provide evidence-based guidance

on the management of these issues commonly faced by

pediatricians in practice.
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