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Abstract Central hypothyroidism (CH) is a rare cause of

hypothyroidism due to an insufficient stimulation of an

otherwise normal thyroid gland and it is caused by either

pituitary (secondary hypothyroidism) or hypothalamic

(tertiary hypothyroidism) defects. The diagnosis of CH is

usually suggested by the finding of lowered thyroid hor-

mone concentrations, associated with inappropriately low/

normal TSH levels. Restoration and maintenance of

euthyroidism represent the therapeutic goals in all forms of

CH. On these basis, the vast majority of patients with CH is

treated with standard levo-thyroxine (L-T4) therapy which

is tailored according to FT4 circulating levels that should

be maintained in the normal range.

Keywords Hypothyroidism � Hypopituitarism �
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Introduction

Central hypothyroidism (CH) is a rare cause of hypothy-

roidism characterized by a defect of thyroid hormone

production due to an insufficient stimulation by thyrotropin

(TSH) of an otherwise normal thyroid gland. The preva-

lence of CH in the general population is estimated around

1:80,000–1:120,000 individuals. CH is a heterogeneous

disease mainly due to the wide spectrum of pathogenetic

mechanisms involved. Indeed, CH can be congenital in the

case of genetic defects or acquired in the case of lesions

affecting either the pituitary (secondary hypothyroidism) or

the hypothalamus (tertiary hypothyroidism). In some cases,

CH is an isolated defect of pituitary function, but in most

cases it is combined with other pituitary hormone defi-

ciencies (CPHDs). In the majority of the patients, the

hypothyroid state is not severe and the onset can be pro-

gressive, therefore manifestations are frequently masked by

CPHDs. Diagnosis is usually made on a biochemical basis

showing defective thyroid hormone circulating levels

associated to inappropriately low TSH levels. Treatment of

CH takes advantage of thyroid hormone replacement even

though treatment cannot be is easily tuned as in primary

hypothyroidism (PH) because the evaluation of circulating

TSH has a very limited value in central defects.

Etiopathogenesis

A quantitative defect in the amount of functional pituitary

thyrotroph cells (the so-called thyrotropin reserve) is prob-

ably the pathogenic mechanism at the base of most CH cases,

including those with immunoreactive TSH concentrations

within the reference range [1, 2]. This quantitative defect in

TSH producing cells is associated with a qualitative defect in

the secreted TSH isoforms, that conserve immunoreactivity

but display a severe impairment in intrinsic biological

activity and ability to stimulate thyroid TSH receptors [3, 4].

The acquired forms of CH may result from different conditions

(Table 1). Pituitary mass lesions, especially pituitary adeno-

mas, are the most common cause of central hypothyroidism. In

particular, pituitary adenomas can cause hypothyroidism by
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compression of pituitary thyrotrophs, interruption of the

hypothalamic-pituitary portal blood flow, or rarely by

acute hemorrhage or infarction resulting in pituitary apo-

plexy. In addition, surgery or radiation therapy for pituitary

adenomas or other mass lesions can cause central hypothy-

roidism. Other causes of acquired CH are infiltrative

disorders affecting the pituitary or the hypothalamus (e.g.

hemochromatosis, tuberculosis, syphilis, sarcoidosis,fungal

infections, toxoplasmosis, and histiocytosis), autoimmune

lymphocytic hypophysitis, head trauma with injury of the

stalk. Finally, it has been observed that breech delivery

accounts for most of the idiopathic cases, probably by

disrupting either hypothalamic-pituitary connections (par-

tial or total stalk interruption) or TRH secretion from the

hypothalamic nuclei (trauma? hypoxia?). In this condition,

TSH secretion is not suppressed and TSH circulating levels

are normal or even elevated. Characteristic of these forms of

tertiary hypothyroidism is the secretion of TSH molecules

with reduced biological activity [2–4]. Same situation may

be also found in the rare condition of post-partum pituitary

apoplexy (Sheehan’s syndrome). A iatrogenic form of

acquired and isolated CH has been recently documented by

Sherman et al. [5] who showed that the treatment of some

neoplastic diseases with RXR ligands, such as bexarotene,

might induce a clinical and biochemical picture of CH.

Congenital forms of CH can be isolated, if the defect is

limited to thyrotroph function (isolated TSH deficiency),

or associated with combined pituitary hormone deficiency

(CPHD), if the defect involves other pituitary cell lin-

eages (combined pituitary hormone deficiencies, CPHDs)

(Table 2). In the case of isolated TSH deficiency, thyrotroph-

specific genes, such as TSHb or TRH receptor (TRH-R), are

involved. TSHb gene mutations were found in several fami-

lies [6–8], while TRH-R mutations have so far been reported

in only one case [9]. In all these cases, the inheritance is

recessive with homozygous (all TSHb cases) or compound

heterozygous (in the case of TRH-R) mutations. In patients

with mutations in the pituitary transcription factor genes,

CH is due to the defect of hypothalamic/pituitary differenti-

ation [10–13]. Defects in factors inducing pituitary

commitment, such as HESX1, give rise to panhypopituitar-

ism. Alternatively, defects in factors involved in cellular

specification, such as PROP-1 or PIT-1, give rise to more

Table 1 Causes of acquired central hypothyroidism (CH). Isolated

CH is congenital in most of the cases

1. Invasive lesions: pituitary macroadenomas, craniopharyngiomas,

meningiomas, gliomas, metastases, carotid aneurysms

2. Iatrogenic causes: cranial surgery or irradiation, drugs

(e.g. bexarotene)

3. Injury: head traumas, traumatic delivery

4. Immunologic lesions: lymphocytic hypophysitis

5. Infarction: post-partum necrosis (Sheehan), pituitary apoplexy

6. Infiltrative lesions: sarcoidosis, hemochromatosis,

histiocytosis X

7. Infectious lesions: tuberculosis, syphilis, mycoses

8. Idiopathic: alteration of transcription factors, other unknown

causes

9. Isolated: TSH beta gene mutations

10. Malformations: primary empty sella syndrome

Several patients with acquired CH previously classified as idiopathic
are nowadays attributable to defects in pituitary transcription factors

Table 2 Genetic forms of

central hypothyroidism (CH)
Gene

(Locus)

Endocrine

phenotype

Associated

features

Inheritance Biochemical

tests

TSHb Severe isolated CH with

neonatal onset

Recessive TSH: low/normal

a-GSU: high

TRH-R Isolated CH with neonatal

onset

Recessive TSH: low/normal

TRH test: blunted TSH

and PRL response

PIT1 (POU1F1) Moderate/severe CH with

combined GH and PRL

defects and neonatal/

infantile onset

Dominant or

recessive

TSH: low/normal

PROP1 Moderate/severe CH with

combined GH, PRL,

LH/FSH, ACTH defects

and neonatal/infantile

onset

Recessive TSH: low/normal

HESX1 Severe CH with GH, PRL,

LH/FSH,

ACTH combined defects

Septo-optical

dysplasia

(SOD)

Dominant or

recessive

TSH: undetectable

LHX3 Severe CH with GH, PRL,

LH/FSH combined

defects

Rigid cervical

spine

Recessive TSH: low/normal
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restricted tropin deficiencies (Table 2). In several PROP1 or

PIT1 mutations, CH may have a delayed onset suggesting

that the defect may also affect thyrotroph cell survival

beyond differentiation Table 3.

Diagnosis

Clinical features of CH may vary greatly depending on

etiology, severity of the thyroid impairment, number of

associated hormone deficiencies and age of the patient at

the time of disease onset. In general, acquired CH is less

severe than the congenital form. Symptoms and signs of

thyroid insufficiency are usually the same but milder than

those of primary hypothyroidism and goiter is always

absent.

The diagnosis of CH cannot be made with the sole TSH

determination [14] since in these patients TSH may be in

the normal range. For this reason, neonatal screening pro-

grams for congenital hypothyroidism based on the sole

TSH examination fail to recognize patients with congenital

CH, such as those with TSHb mutations, and these cases

are frequently diagnosed when irreversible neurological

damages have already been produced [7]. Early neonatal

diagnosis of CH can instead be reached in Centers where

blood T4 measurement is part of the screening parameters

[15]. In these conditions, the incidence of permanent con-

genital CH was reported to be about 1:20,000 alive

neonates, accounting for 13% of congenital hypothyroid-

ism cases. Indeed, CH diagnosis requires the contemporary

evaluation of TSH and thyroid hormone and is usually

suggested by the finding of lowered thyroid hormone

concentrations, associated with inappropriately low/normal

TSH levels. It is worth noting that some CH patients with a

prevalent hypothalamic defect have high circulating TSH

levels, a finding potentially leading to misdiagnosis.

Among the parameters of thyroid function [14, 16] the

one that is provided with the highest accuracy for the

diagnosis of CH is free thyroxine (FT4) [17]. The other

parameters lack the sufficient sensitivity or specificity for

diagnosis of hypothyroidism, in particular in patients that

frequently present combined pituitary defects which may

also affect the levels of tissue parameters of thyroid hor-

mone action or thyroid hormone metabolism [17–19].

Recently, Alexopoulou et al. [20] suggested a diagnostic

value to decreases of circulating T4 concentrations [20%

of the initial T4 determination in patients with different

pituitary diseases followed-up for several years. This cut-

off value was set on the basis of a 10% variation over-time

of T4 levels observed in normal individuals [21]. These

approaches would allow the early diagnosis and treatment

of mild hypothyroid states of central origin, in analogy

with the mild forms of primary hypothyroidism revealed by

high TSH levels. Lack of nocturnal TSH rise may be useful

in the diagnosis of CH patients and elevations of circulat-

ing TSH levels [22, 23], but can be evaluated only in

hospitalised patients.

Finally, patients with non thyroidal illness (NTI) have

values of thyroid function testing that largely overlap with

those of CH patients [14]. Nevertheless, the presence of

concomitant diseases at the time of blood withdrawal

should always be excluded before suspecting CH. A clue to

distinguish true CH from NTI is the evaluation of serum

FT3, which is always reduced in NTI and normal in mild to

moderate forms of CH.

TRH test

TRH testing may be of help in the differential diagnosis

between tertiary (hypothalamic) and secondary (pituitary)

origin of the central defect [24, 25]. TRH is usually

injected intravenously as a bolus and blood is withdrawn

at -30, 0, 20, 60, 120 and 180 min for the measurement

of TSH, FT4 and FT3, the latter at the time 0, 120 and

180 min [3, 25]. The information taken from the test is

twofold, as TSH response may give an idea of the levels of

hypothalamic-pituitary alteration, while the response of

FT4 and FT3 to endogenous TRH-stimulated TSH may

give an idea of the biological activity of the secreted TSH

molecules. As far as the first point is concerned, TSH

response may be absent or impaired in the pituitary lesion

(total lack of functioning pituitary thyrotropes), whereas in

the case of normal, exaggerated, delayed or prolonged

responses the lesion appears to be at the hypothalamic

level. Nonetheless, some recent works indicate that a clear

distinction between the two forms of CH may be just

theoretical, as both sites are affected in most patients [2], so

that this distinction may be in particular cases useless [26].

Table 3 Characteristic findings in patients with central hypo-

thyroidism

1 Clinical features

• Hypothyroid manifestations

• Manifestations of concomitant or pre-existing hypothalamic/

pituitary disease

• Altered imaging of hypothalamic-pituitary region

2. Biochemical findings

• Low/normal TSH concentrations (no interference in TSH assay)

• Low bioactivity of circulating TSH

• Lack of nocturnal TSH surge

• Low free T4 levels

3. Findings against a primary thyroid defect

• Absent anti-thyroid auto-antibodies

• Homogenous thyroid structure at ultrasound
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Finally, as far as FT4 and FT3 responses to endogenous

TRH-stimulated TSH are concerned, a absent or impaired

FT4 and FT3 responses indirectly indicate the secretion of

TSH devoid of the normal biological activity. In conclu-

sion, the diagnosis of the various form of CH may benefit

of the TRH test, in particular in order to explain why, in the

presence of normal, but biologically inactive, TSH circu-

lating levels, the thyroid is unable to produce normal

amounts of FT4 and FT3.

Treatment

Restoration and maintenance of euthyroidism represent the

therapeutic goals in all forms of CH. Specific therapies,

such as oral TRH administration [3] have been abandoned

because of their cost and their restricted applicability to

few patients with hypothalamic hypothyroidism. Though

Bunevicius et al. [27] claimed that combined treatment

with thyroxine plus triiodothyronine could be more bene-

ficial than thyroxine alone in hypothyroid patients, more

recent study failed to show such superior efficacy of

combined treatment [28]. On these basis, the vast majority

of patients with CH is presently treated with standard levo-

thyroxine (L-T4) therapy.

Unfortunately, no consensus has been found yet con-

cerning the evaluation of the adequacy of L-T4 replacement

dose, as, unlike for primary hypothyroidism, serum TSH

levels cannot be used in either the diagnosis or the moni-

toring of L-T4 therapy [29, 30]. Indeed, we reported that

low doses of thyroid hormone are sufficient to suppress

TSH secretion in the large majority of CH patients though

FT4 levels were still in the hypothyroid range in 73% of the

patients [17]. Similarly, Carrozza et al. [31] reported that

the large majority of 135 CH patients had subnormal TSH

during L-T4 treatment. These data have been subsequently

confirmed by Shimon et al. [32] who suggested that TSH

levels above 1.0 mU/l may reflect insufficient replacement,

this finding possibly reflecting an abnormal sensitivity in

the negative feedback mechanism.

The evaluation of free thyroid hormones acquires a

major role in the monitoring of L-T4 treatment in such

clinical condition [17, 20, 31]. The accuracy of free thyroid

hormone measurement is superior to that of total hormone

measurement provided that FT4 and FT3 are evaluated by

direct two-step methods, which are known to be rarely

interfered by drugs or abnormal binding proteins [14, 33].

In primary thyroid diseases, FT4 measurement has a

superior accuracy in hypothyroid conditions whereas FT3

is more accurate in hyperthyroidism. Accordingly, if blood

is withdrawn before the morning L-T4 administration, low

FT4 values may reveal under-treatment and high FT3

values are more sensitive to disclose over-treatment [17].

Clinical examination and the evaluation of clinical and

biochemical indexes of thyroid hormone action at the tissue

level [16] may give additional useful information for tai-

loring L-T4 treatment of CH patients. It is worth noting

that these parameters could be misinterpreted due to the

concomitant presence of other pituitary defects [17, 24].

This is particularly true for bone parameters (such as bone

Gla protein, BGP, and carboxyterminal telopeptide of type

1 collagen, ICTP), cholesterol and other parameters of lipid

metabolism, as well as sex hormone binding globulin

(SHBG). Therefore parameters, such as soluble receptor of

interleukin-2 (sIL2R), that are not known to be interfered

by other pituitary functions should be preferred [17]. These

findings suggest that longitudinal evaluation of these

parameters in CH patients may be potentially helpful to

reveal possible over- or under-treatment. As these param-

eters generally exhibit larger variations in the thyrotoxic

state [33, 34], their sensitivity should be superior in

revealing over- than under-treatment. Accordingly, over-

treatment in CH patients was associated to elevated levels

of sIL2R in a previous study [17].

L-T4 treatment should be started at low daily dosage

and then increased by 25 lg every 2–3 weeks in order to

reach full replacement dose. It is worth noting that L-T4

therapy should be started only after having excluded a

concomitant central adrenal insufficiency. In case adrenal

function cannot be assessed prior to the start of L-T4, a

prophylactic treatment with steroids is advised and

assessment of corticotrope function can be postponed.

It has been demonstrated that the large majority of CH

patients had circulating levels of FT4 and FT3 within the

normal range with a mean (±SD) L-T4 daily dose of

1.5 ± 0.3 and 1.6 ± 0.5 lg/kg b.w. [17, 24]. These optimal

doses are similar to those reported for primary hypothy-

roidism [29, 30]. Among CH patients, significant differences

in L-T4 doses are seen depending on the age or concomitant

treatments. We showed that younger patients require higher

doses than the older ones [17], as also seen in primary

hypothyroidism [29, 35]. Concomitant estrogens or GH

replacement therapies require significantly higher L-T4

doses [24, 36]. Moreover, GH deficiency may mask sub-

clinical forms of CH that reach a biochemical evidence only

after institution of GH replacement therapy [36]. As far as

estrogens are concerned, an increased L-T4 requirement has

been demonstrated also in primary hypothyroidism during

estrogens treatment [37], this phenomenon being likely the

consequence of the transient increase of thyroxine-binding

globulin levels [38]. Conversely, it has been showed that GH

administration enhance peripheral deiodination of T4 to T3

[18, 19, 39, 40]. This positive effect of GH on T4 metabolism

is not transient, but it is biologically relevant only in patients

with CPHDs who already have a partial impairment of thy-

rotroph function and not in those with isolated CH [41].
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Treatment strategies are different in CH with neonatal to

childhood onset. Normal infants and children have higher

free thyroid hormone levels [14]. Therefore, higher L-T4

doses are recommended in hypothyroid pediatric patients

[42] and treatment should be started at full-replacement

doses at least in cases with neonatal onset in order to

promptly protect neurological development [43]. Recent

evidences recommend to initiate treatment of neonatal

disorders with 12–17 lg/kg of L-T4 and to adequate doses

on the basis of FT4/FT3 measurement every 2–4 weeks.

The target range should be that observed in normal children

[14]. Progressively lower doses are required in infancy and

childhood.
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