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Abstract

Congenital hypothyroidism (CH) is a heterogeneous condition present at birth, resulting in
severe-to-mild thyroid hormone deficiency. This condition is difficult to recognize shortly
after birth. Therefore, many countries worldwide have implemented newborn screening
(NBS) programs for CH since the 1970s. The most recent European guidelines strongly
recommend screening for primary CH, as well as for central CH when financial resources
are available. However, no consensus has been reached yet to screen more rare forms of
CH, such as Allan–Herndon–Dudley syndrome (AHDS), an X-linked condition linked to
mutations in the gene encoding a transmembrane monocarboxylate transporter (MCT8),
resistance to thyroid hormone beta (RTHβ), and resistance to thyroid hormone alfa (RTHα).
The combined measurement of thyroid-stimulating hormone (TSH) and total thyroxine
(TT4) on DBS currently allows the recognition of central CH (TSH low/normal and low TT4
without defects in transport proteins). With the introduction of liquid chromatography cou-
pled to tandem mass spectrometry (LC-MS/MS) for measurement of free triiodothyronine
(FT3) and free thyroxine (FT4), it would be possible to screen for RTHβ (TSH normal/high
and high FT4). More complicated would be the method to screen RTHα. It would require
the combined measurement of FT4 and FT3 and the determination of FT3/FT4 ratio, while
the combined measurement of FT3 and reverse T3 (rT3) to calculate FT3/rT3 ratio would
be useful to screen AHDS. In this article, we provide some reflections on expanding NBS
for primary CH also to other rare forms of CH.

Keywords: congenital hypothyroidism; newborn screening; rare diseases

1. Introduction
Congenital hypothyroidism (CH) is a heterogeneous condition present at birth, re-

sulting in severe-to-mild thyroid hormone deficiency. CH may be caused by abnormal
development or function of thyroid gland (primary CH), or by dysfunction of hypotha-
lamus or pituitary gland (central CH), or more rarely by impaired transport or action
of thyroid hormone at the tissue level, such as monocarboxylate transporter 8 defects or
Alan–Herndon–Dudley syndrome, resistance to thyroid hormone alfa (RTHα) or resistance
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to thyroid hormone beta (RTHβ) [1–3]. Thyroid hormone deficiency early in life is harmful
for growth and neurocognitive development. The critical period for brain development
occurs in the first three years of life, during which thyroid hormones play a key role.

Thyroid hormone deficiency is difficult to recognize shortly after birth. Therefore,
many countries worldwide have implemented newborn screening (NBS) programs for CH
since the 1970s [4–6]. The most recent European guidelines strongly recommend screening
for primary CH. These guidelines also recommend screening for central CH when financial
resources are available. However, no consensus has been reached yet to screen more rare
forms of CH [1].

Here we present the Italian NBS program for CH as an example of longstanding,
nationwide screening program for the disease and provide some considerations on the
possibility of expanding this program to more rare forms of congenital thyroid diseases.

2. Italian NBS Program for CH
In Italy, a nationwide mandatory program of NBS for the identification and early

treatment of CH, phenylketonuria, and cystic fibrosis was established in 1992 [7]. Since
then, around 16 million infants have been screened in our country. More recently, an
additional nationwide NBS program aimed at identifying more than 50 rare inherited
metabolic diseases has been introduced [8]. This new program has reduced the window
of age at screening to 48–72 h of life. The Italian NBS program for CH is supported by a
nationwide surveillance system carried out by the Italian National Registry of Infants with
CH (INRICH) at the Italian National Institute of Health [9].

Currently, 16 regional or inter-regional screening laboratories are active in our country
to screen primary CH. Since measurement of TSH is the most sensitive test for detecting
primary CH and according to the European guidelines [1], all the Italian laboratories use the
measurement of TSH on dried blood spot (DBS) as the primary screening test to identify all
forms of primary CH (mild, moderate, and severe). In all the laboratories, the measurement
of TSH is performed by means of GSP Neonatal hTSH Time-Resolved Fluorescence assay
(Revvity, Turku, Finland). A re-screening on DBS at 2 weeks of life is also performed in
infants at risk of delayed TSH rise, i.e., infants with gestational age <37 weeks’ gestation
and/or low birth weight, with extra-thyroidal malformations, admitted to NICU, twins.

On first screening, the TSH threshold values used for referral (after confirmation of the
screening test results) are variable, ranging 6–10 mIU/L blood according to the percentile of
the TSH distribution chosen in each region (INRICH data). However, if the screening test is
≥40 mIU/L blood, the infant is immediately referred to the pediatric clinical center without
waiting for confirmatory laboratory test, as this value is highly suggestive of moderate-to-
severe primary CH [1]. Only in the Campania region is the TSH threshold for an immediate
referral to the pediatric clinical center ≥20 mIU/L blood. On re-screening (2 weeks of life), the
TSH threshold levels are also variable, ranging 3–9 mIU/L blood (INRICH data).

Over the years, the increased assay sensitivity and a more effective analysis of the
distribution of TSH in the screened neonatal population have led to lower TSH cutoffs in
some screening programs, including the Italian NBS program for CH [10].

Lowering of TSH screening cutoffs along with other factors, such as increased survival
rate of preterm babies and twin births, changes in screening population demographics, and
a progressive adoption of re-screening strategy in infants at risk of delayed TSH rise [11–17],
have led to an increased incidence of primary CH. Currently in Italy, the estimated incidence of
primary CH is 1:1100 live births (www.iss.it/rnic accessed on 18 August 2025). This incidence is
similar to that recently reported in other countries using similar NBS strategies for CH [18–21].

The most recent European guidelines recommend adding measurement of total (TT4)
or free T4 (FT4) to TSH to screen for central CH [1]. At present in Italy, only 3 regions
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(Campania, Calabria, Sardinia) have adopted a screening strategy employing TSH + TT4
testing to detect both primary and central CH. TT4 is measured by means of GSP Neonatal
hT4 Time-Resolved Fluorescence assay. In these regions, the blood TSH threshold values
used on the first screening are set at the 97.5th percentile of the distribution, corresponding
to 6.0 mIU/L in Campania, 7.0 mIU/L in Calabria, and 5.5 mIU/L in the Sardinia region;
whereas the blood TT4 threshold value is set at the 0.15th percentile in Campania (4.2 µg/dL),
the 2.5th percentile in Calabria (7.0 µg/dL), and the 2.2nd percentile in the Sardinia region
(6.0 µg/dL). On re-screening (2 weeks of life), the blood TSH threshold values for referral
are 5.0 mIU/L in Campania, 3.0 mIU/L in Calabria, and 5.5 mIU/L in the Sardinia region,
while the blood TT4 threshold is ≤4.0 µg/dL in all the three regions. The risk of false-positive
results, deriving from preterm and sick neonates often showing low TT4 with non-elevated
TSH levels [22], is overcome by the re-screening procedure at 2 weeks of age.

It is evident that these regional screening programs testing for both primary and
central CH are expensive, and an optimization process is necessary to make these programs
cost-effective in terms of costs and workload. This process could include the introduction
of the routinary measurement of thyroxine-binding globulin (TBG) with the use of specific
reference intervals to rule out cases of complete and partial TBG deficit [6].

Although epidemiological data on the incidence of central CH in these regions are not yet available,
it can be assumed that the diagnosis of central CH may be delayed in the other Italian regions.

3. Central CH
Central CH results from a dysfunction of the hypothalamus or pituitary gland, leading

to inadequate stimulation of a normal thyroid. In comparison with primary CH, central
CH can be more difficult to diagnose because it does not present with elevated TSH levels,
resulting in the main “false-negative” condition by the TSH screening test. The diagnosis
of central CH is most often based on finding low or normal serum FT4 associated with
an inappropriately low or normal serum TSH concentration. It is important to be aware
of confounding factors and other conditions that may present with a similar biochemical
picture (e.g., TBG defects or Non-Thyroidal Illness Syndrome, etc.) [23].

Central CH is mainly diagnosed in patients with hypothalamic–pituitary disorders,
usually in combination with other pituitary hormone defects. In these cases, the diagnosis of
central hypothyroidism is facilitated by the presence of symptoms and signs that are typical
of other hormone deficiencies (severe hypoglycemia, presence of micropenis, etc.), whereas
the isolated presentation of central CH is difficult to diagnose, because of frequently mild
manifestations. Approximately 90 percent of cases of isolated central congenital CH are
due to genetic defects. Depending on the cause of the disease, the TSH secretion deficit may
be quantitative (reduced number of TSH-secreting cells) or qualitative (altered bioactivity
of secreted TSH) [23–25].

Congenital forms of central hypothyroidism mostly result from structural lesions such
as pituitary hypoplasia, Rathke’s pouch cysts, or midline defects, which mainly cause
quantitative defects in TSH secretion. However, functional defects in TSH biosynthesis
and/or release are caused by loss-of-function mutations in genes encoding various types of
genes, such as TRHR, TSHβ, IGSF1, TBL1X, or IRS4 as candidates for isolated central CH
or POU1F1, PROP1, HESX1, LHX3, LHX4, SOX2, SOX3, OTX2, and LEPR as candidates
for combined pituitary hormone defects (CPHDs) [1,2,23,26,27]. The mode of inheritance
of these defects is variable (autosomal recessive or X-linked inheritance in most cases, but
dominant inheritance was described in rare cases of combined pituitary hormone defects).

The reported incidence of central CH detected by neonatal screening varies between
1:30,000 and 1:16,000, depending on the adopted screening strategy [28–30]. Early diagnosis
of central CH is particularly crucial for growth and neurocognitive development because
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of the significant impact of thyroid hormone deficiency. Infants with undiagnosed and
untreated central CH are at high risk of severe neurodevelopmental delays, including
cognitive impairment, motor disabilities, and an overall reduced quality of life. Therefore,
as with primary CH, neonatal screening for central CH can also allow an early diagnosis
and hence the early initiation of treatment with levothyroxine, which may improve the
neurological outcome [2,31].

Combined measurement of TSH and T4 levels in newborn screening can help effec-
tively identify central CH. Early diagnosis not only improves individual health outcomes
but also has wider socio-economic benefits. By preventing severe intellectual disability
and other health complications, early treatment reduces the long-term healthcare costs
associated with managing untreated central CH. Families benefit from reduced emotional
and financial burden, and society benefits from the improved productivity and quality of
life of individuals who receive timely and appropriate treatment. In addition, the neonatal
diagnosis of central hypothyroidism is also effective in making an earlier diagnosis and
treatment of multiple pituitary hormone deficiencies, commonly associated with central
CH, thus preventing life-threatening conditions [32,33].

Screening for central CH is complicated because the measurement of T4 is influenced
by several factors including binding proteins, the clinical condition of the patient, gesta-
tional age, and the individual setpoint of the hypothalamic–pituitary–thyroid (HPT) axis [6].
The Netherlands provides an effective newborn screening strategy for central CH. Since
1995, this program has consisted of a three-step approach, with T4 measurement in all
newborns as the first step, TSH measurement in the lowest 20% of T4 concentrations, and
thyroxine-binding globulin (TBG) measurement in the lowest 5% to prevent false-positive
results due to TBG deficiency [6,31]. In this screening program, the calculation of T4/TBG
ratio, as an indirect measure for FT4, has effectively lowered the number of false-positive
referrals essentially due to infants with complete TBG deficiency. In addition, reference
intervals (RIs) for the NBS parameters—total T4, TSH, TBG, and total T4/TBG ratio—have
been recently established in the Dutch NBS, so that the use of the TBG reference intervals to
identify partial TBG deficiency has further reduced false-positive referrals by approximately
50%. As a result, the Dutch screening algorithm has been adapted to exclude total and
partial TBG deficiency (TBG < 105 nmol/L blood) and this led to an improvement in the
positive predicted value (currently 21%) while maintaining the current sensitivity of central
CH detection [34,35]. It is worth noting that the current three-step T4-reflex TSH-reflex
TBG NBS program also led to an improved detection of central CH with an incidence of
1:16,404, which appears to be much higher than that reported in countries using T4-reflex
TSH or TSH-based strategies [32]. Regarding primary CH, it is important to underline that
this three-step Dutch NBS program effectively detects severe forms of primary CH, with a
positive predictive value (PPV) of 55% [34]. Nevertheless, as neonates at risk of primary
CH are preselected based on their T4 concentrations (80% of all neonates do not receive
a TSH measurement), mild primary CH cases with normal T4 concentrations might be
missed. This could contribute to the lower incidence of primary CH in the Netherlands
compared to other countries [5,34–36].

In Italy, the lack of a uniform NBS program for central CH may lead to delayed
diagnosis in different regions, highlighting the need for a nationwide implementation of
comprehensive screening protocols. The strategy of using TSH + T4 as primary screening
tests, along with TBG measurement and adoption of specific reference intervals, appears
to be the most effective strategy to adopt in our country for an effective detection of both
primary and central CH on a large scale and at an acceptable cost for our health system. It
would eliminate regional disparities and ensure that all newborns with central CH have
equal access to early diagnosis and treatment.
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4. Other Rare Congenital Thyroid Diseases
4.1. MCT8 Defects

Allan–Herndon–Dudley syndrome (AHDS) is an X-linked condition prevalently af-
fecting boys, which is associated with severe intellectual and motor disabilities [37]. AHDS
was described more than 60 years ago, but only in 2004 was this disease linked to mutations
in SLC16A2, the gene encoding the transmembrane monocarboxylate transporter 8 (MCT8).
This gene is crucial in the transport of the thyroid hormones triiodothyronine (T3) and
thyroxine (T4) into several tissues, including the brain [38–40]. The estimated incidence
of MCT8 defects is around 1:70,000 newborns [38,39]. However, this incidence may be
underestimated, and many cases are left underdiagnosed due to the current absence of a
recognizable biochemical signature.

As shown in Table 1, the disease is biochemically characterized by high levels of
serum free T3 (FT3), low or borderline low levels of serum FT4, low serum reverse T3 (rT3),
and a TSH concentration in the normal range [41]. Although these biochemical findings
are suggestive of a thyroid hormone disturbance, the clinical presentation observed in
AHDS includes both “thyrotoxic” peripheral tissues (bone, heart, skeletal muscles, liver)
and the “hypothyroid” brain [37]. Interestingly, the degree of psychomotor impairment
is similar or even worse compared to that seen in untreated primary CH. Clinical trials
have been recently conducted to understand the efficacy and safety of treatment with a
triiodothyronine analog named TRIAC (triiodothyroacetic acid) [42]. This treatment is
revealed to be effective in improving peripheral metabolic conditions. Nevertheless, it has
almost no effect on psychoneuromotor deficits because of the delayed start of treatment.
In this regard, a recent study has shown that prenatal intraamniotic thyroxine treatment
improved the neuromotor and neurocognitive function in a boy with MCT8 deficiency born
to a carrier mother, thus showing that prenatal start of treatment with thyroid hormone
analogs can rescue at least part of the phenotype [43].

Table 1. Molecular and biochemical signature, treatment, and screening tests in rare congenital
thyroid disorders.

Molecular and Biochemical
Signature and Treatment

Central
Hypothyroidism

Resistance to
Thyroid Hormone Beta

(RTHβ)

Resistance to Thyroid
Hormone Alpha (RTHα)

Monocarboxylate Transporter
8 (MCT8)

Deficiency

Gene several THRB THRA SLC16A2

Inheritance pattern Variable * Dominant Dominant X-linked

Serum Free T4 low high low-normal or low low-normal or low

Serum Free T3 low or normal high high-normal
or high

high
or high-normal

Serum Reverse T3 -- -- -- low

Serum TSH low or normal (rarely, mildly
raised)

normal or high normal
(rarely, mildly raised)

normal
(rarely, mildly raised)

Treatment LT4 TRIAC LT4 TRIAC

Screening tests on DBS and
expected results

Current
Screening tests TSH + TT4 -- -- --

Possible future screening tests
** TSH + FT4 TSH, FT4 + FT3, and

calculation of FT3/FT4 ratio
TSH, FT3, rT3, and calculation

of FT3/rT3 ratio

Expected results of screening
tests low/normal TSH and low TT4 normal/high TSH and high

FT4 high FT3/FT4 ratio high FT3/rT3 ratio

* List of candidate genes for central CH: TRHR (recessive), TSHβ (recessive), IGSF1 (X-linked), TBL1X (X-linked),
IRS4 (X-linked), LEPR (recessive), POU1F1 (recessive or dominant), PROP1 (recessive), HESX1 (recessive or
dominant), LHX3 (recessive), LHX4 (recessive or dominant), SOX2 (dominant), SOX3 (X-linked), OTX2 (dominant).
** Measurement of FT3, FT4, and rT3 performed by means of LC-MS/MS.
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4.2. Resistance to Thyroid Hormone Beta

The key characteristic of RTHβ is a combination of raised thyroid hormones with
non-suppressed TSH (Table 1) [44]. RTHβ patients can exhibit features of hyperthyroidism
or hypothyroidism, reflecting either compensated hormone resistance in TRβ-expressing
tissues (e.g., liver, pituitary) or approximately normal sensitivity to high circulating thyroid
hormones in TRβ-expressing tissues (e.g., heart, brain). The condition is dominantly
inherited and co-segregates with dominant negative heterozygous mutations in THRB,
the gene encoding for thyroid receptor β (TRβ) [45]. Neurocognitive manifestations of
RTHβ are anxiety and sleep disturbance, attention-deficit hyperactivity disorder [46,47],
variable intellectual disability (lower nonverbal intelligence), language difficulties [48],
and poor educational outcome [49]. Severe intellectual disability and cochlear dysfunction
are characteristic of homozygous cases [50,51]. Recently reported data show that RTHβ

patients are at significantly higher risk of major cardiovascular events (atrial fibrillation,
myocardial infarction, heart failure) and of earlier mortality [52,53]. Inhibition of TSH
secretion into lower circulating T4 and T3 obtained by treatment with TRIAC appears
efficient in controlling thyrotoxic manifestations in adults and children with RTHβ [54,55].
An improvement in some neurological manifestations has also been observed, but clinical
trials are required to understand if early (neonatal) start of TRIAC treatment can rescue the
neurocognitive manifestations and/or reduce the adverse cardiovascular manifestations of
the disease [54,56,57]. The incidence of RTHβ has been estimated to range between 1:40,000
and 1:19,000 neonates in the USA and Spain, respectively, by the finding from neonatal
screening of raised total T4 associated with normal TSH levels [58,59].

4.3. Resistance to Thyroid Hormone Alfa

RTHα is a rare disorder, with less than 100 affected individuals reported to date.
Although the phenotype is highly variable, many patients exhibit similar clinical features,
including psychomotor delay (cognitive impairment, delayed growth milestones, dys-
praxia) and peripheral manifestations. The RTHα phenotype recapitulates most of the
features of untreated congenital hypothyroidism except the typical biochemical signature.
The thyroid function tests are similar to those seen in AHDS or central hypothyroidism:
TSH is generally within the reference range (rarely borderline elevated), FT4 is borderline
low, and FT3 is borderline high, and this is hampering the diagnostic possibility of this
condition (Table 1).

The disease is caused by dominant negative heterozygous mutations in THRA, the
gene encoding for TRα [60,61]. The identified mutations lie in the same hot spots in the
T3-binding domain of the receptor and the molecular mechanisms underlying this disease
are similar to those previously described for RTHβ. To date, levothyroxine is the main
treatment described for RTHα [62,63].

Although data are restricted to case reports or case series, thyroxine treatment in RTHα

seems safe and well tolerated and provides beneficial effects for most patients [63–65]. The
therapeutic responses are variable, depending upon the degree of resistance generated by
the mutation and the age of treatment start. The neurocognitive outcome can be predicted
to significantly improve or even normalize if the treatment could be started in the neonatal
period (or even prenatally) for patients with mutant receptors that have a diminished, but
not abolished, T3-binding affinity. The frequency of RTHα is unknown and underestimated
at present because of the lack of a clear-cut biochemical signature, but its incidence can
be expected to be similar to that of RTHβ, since both diseases are caused by dominant
negative variants occurring in the same hot spots within the T3-binding domains, which
are highly conserved between the two receptors.
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5. NBS for Rare Congenital Thyroid Diseases
The early recognition of these rare congenital thyroid diseases would allow the neona-

tal start of thyroid hormone treatment aiming to rescue, at least partially, the neurocognitive
and developmental phenotypes of these dramatic diseases. Particularly, the combined
measurement of TSH and TT4 on DBS would easily allow the recognition of central CH
(TSH low/normal and low TT4 without defects in transport proteins) and RTHβ (TSH
normal/high and high FT4). More complicated would be the method to screen RTHα and
AHDS. This would require the combined measurement of FT3 and FT4 in DBS samples
with the calculation of FT3/FT4 ratio (high) to detect cases of RTHα, while the combined
measurement of FT3 and rT3 with the calculation of FT3/rT3 ratio (high) could be used to
detect infants with AHDS (MCT8 deficiency).

It is well known that the main drawback in the determination of circulating thyroid
hormones is the interference of defects in transport proteins [66]. To avoid any interfering ef-
fect, the measurement of free thyroid hormones using equilibrium dialysis or ultrafiltration
combined with liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS)
is considered the most suitable approach for measurement of concentration of free thyroid
hormones T3, T4, and rT3 [41,67]. Although LC-MS/MS technology is generally employed
for second-tier tests to reduce the false-positive rate, in many countries it is currently ap-
plied to primary screening for some inherited metabolic diseases for which other methods,
including genomic screening, are not adequate [68]. The measurement of thyroid hormones
by means of LC-MS/MS is therefore feasible. We are confident that with reduction in cost
of LC-MS/MS measurements, the routinary application of this technology to screen for
rare congenital thyroid diseases will be possible in a reasonable time.

In countries where a NBS program for primary CH is active, early diagnosis and
treatment have dramatically changed the life of affected children, avoiding severe neu-
rocognitive sequelae of a disease that is still the most frequent endocrine disease in infancy,
with a case in every 1100–1500 liveborns [5]. Central CH and resistance to thyroid hormones
RTHα and RTHβ are more rare forms of congenital hypothyroidism but similarly harmful
without an early diagnosis and treatment.

In 1968, Wilson and Jungner criteria to screen for a disease included the high frequency
in the population of the disease to screen, as well as the availability of treatment for patients
with a disease recognized early by screening [69]. The introduction of the expanded NBS
for several metabolic rare diseases in Italy, as in other countries, has led to reconsidering
these criteria, introducing the new concept that screening should identify actionable diseases,
including treatable diseases. Actionable diseases are conditions where early interventions
lead to health gain for newborns and where early diagnosis avoids the lengthy diagnostic
odyssey [70]. This therefore implies that, although the incidence of some of these disorders
is very low (<1:100,000) and some of them are untreatable, their early detection and treat-
ment is nevertheless beneficial because they can prevent the onset of disease symptoms or
delay disease progression, improving the quality of life of the newborn, their families, and
society [70]. These new concepts can be easily applied to central CH, MCT8 defects, RTHα,
and RTHβ as well.

In addition, the development of new technologies such as tandem mass spectrometry,
which offers the possibility of screening for many conditions using a single DBS [71–74],
makes feasible the measurement of FT4, FT3, and rT3 on DBS with the possibility of
providing early diagnosis and preventing or ameliorating the long-term consequences of
the rare congenital forms of hypothyroidism.

Next-generation sequencing (NGS) may also be a powerful tool for diagnosing rare
congenital thyroid diseases. Its ability to analyze multiple genes simultaneously and
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identify novel mutations makes it a powerful approach for improving diagnosis, treatment,
and research in the field of rare congenital thyroid diseases [75].

6. Conclusions
We believe that the current Italian NBS program, which is successful in screening for

primary CH, could be expanded to address regional disparities and to detect the broad
spectrum of other rare congenital thyroid disorders.

Although carrying out such a comprehensive screening program would generate addi-
tional costs in terms of laboratory and clinical activities, a uniform national protocol where the
measurement of FT3, FT4, and rT3 is added to TSH by means of LC-MS/MS could eliminate
regional disparities and ensure that all newborns, including those with rare congenital thyroid
diseases, have equal access to early diagnosis and treatment, improving individual health
outcomes, and reducing long-term healthcare costs as well as the burden on families.

Expanding NBS programs for CH to include other rare congenital thyroid disorders is
therefore a crucial step towards giving all newborns the best start in life. Early detection
and intervention are key to preventing serious health problems and improving the overall
quality of life of affected children. For this reason, further studies are necessary to discover
new and more specific biomarkers that, along with TSH FT3, FT4, rT3, as well as NGS
(comprehensive targeted NGS panels up to whole-genome screening), can help to develop
an effective expanded NBS program for rare congenital thyroid diseases.
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TSH Thyroid-Stimulating Hormone
TT4 Total Thyroxine
T3 Triiodothyronine



Int. J. Neonatal Screen. 2025, 11, 65 9 of 12

References
1. van Trotsenburg, P.; Stoupa, A.; Léger, J.; Rohrer, T.; Peters, C.; Fugazzola, L.; Cassio, A.; Heinrichs, C.; Beauloye, V.; Pohlenz, J.;

et al. Congenital Hypothyroidism: A 2020–2021 Consensus Guidelines Update-An ENDO-European Reference Network Initiative
Endorsed by the European Society for Pediatric Endocrinology and the European Society for Endocrinology. Thyroid 2021, 31,
387–419. [CrossRef] [PubMed]

2. Persani, L.; Brabant, G.; Dattani, M.; Bonomi, M.; Feldt-Rasmussen, U.; Fliers, E.; Gruters, A.; Maiter, D.; Schoenmakers, N.;
van Trotsenburg, A.S.P. 2018 European Thyroid Association (ETA) Guidelines on the Diagnosis and Management of Central
Hypothyroidism. Eur. Thyroid. J. 2018, 7, 225–237. [CrossRef]

3. Persani, L.; Rodien, P.; Moran, C.; Visser, W.E.; Groeneweg, S.; Peeters, R.; Refetoff, S.; Gurnell, M.; Beck-Peccoz, P.; Chatterjee, K.
2024 European Thyroid Association Guidelines on diagnosis and management of genetic disorders of thyroid hormone transport,
metabolism and action. Eur. Thyroid. J. 2024, 13, e240125. [CrossRef] [PubMed]

4. Cheetham, T.; Wood, C. Pediatric thyroid disease. Clin. Endocrinol. 2024, 101, 223–233. [CrossRef] [PubMed]
5. Grob, F.; Lain, S.; Olivieri, A. Newborn screening for primary congenital hypothyroidism: Past, present and future. Eur. Thyroid. J.

2025, 14, e240358. [CrossRef]
6. Garrelfs, M.R.; Mooij, C.F.; Boelen, A.; van Trotsenburg, A.S.P.; Zwaveling-Soonawala, N. Newborn screening for central

congenital hypothyroidism: Past, present and future. Eur. Thyroid. J. 2025, 14, e240329. [CrossRef]
7. Italia. Legge 5 Febbraio 1992, n. 104. Legge-Quadro per L’assistenza, L’integrazione Sociale e i Diritti Delle Persone Handicappate.

GU Serie Generale n. 39, 17 Febbraio 1992 (Suppl. Ordinario n. 30). Available online: www.gazzettaufficiale.it/eli/id/1992/02/
17/092G0108/sg (accessed on 5 August 2025).

8. Italia. Legge 19 Agosto 2016, n. 167. Disposizioni in Materia di Accertamenti Diagnostici Neonatali Obbligatori per la Prevenzione
e la cura Delle Malattie Metaboliche Ereditarie. (16G00180). GU Serie Generale n. 203, 31 Agosto 2016. Available online: www.
gazzettaufficiale.it/eli/id/2016/08/31/16G00180/sg (accessed on 18 August 2025).

9. Olivieri, A.; The Study Group for Congenital Hypothyroidism. The Italian National Register of infants with congenital hypothy-
roidism: Twenty years of surveillance and study of congenital hypothyroidism. Ital. J. Pediatr. 2009, 35, 2. [CrossRef]

10. Olivieri, A.; Corbetta, C.; Weber, G.; Vigone, M.C.; Fazzini, C.; Medda, E. Congenital hypothyroidism due to defects of
thyroid development and mild increase of TSH at screening: Data from the Italian National Registry of infants with congenital
hypothyroidism. J. Clin. Endocrinol. Metab. 2013, 98, 1403–1408. [CrossRef]

11. Olivieri, A.; Fazzini, C.; Medda, E.; Italian Study Group for Congenital Hypothyroidism. Multiple factors influencing the
incidence of congenital hypothyroidism detected by neonatal screening. Horm. Res. Paediatr. 2015, 83, 86–93. [CrossRef]

12. Medda, E.; Vigone, M.C.; Cassio, A.; Calaciura, F.; Costa, P.; Weber, G.; de Filippis, T.; Gelmini, G.; Di Frenna, M.; Caiulo, S.; et al.
Neonatal Screening for Congenital Hypothyroidism: What Can We Learn From Discordant Twins? J. Clin. Endocrinol. Metab.
2019, 104, 5765–5779. [CrossRef]

13. Caiulo, S.; Corbetta, C.; Di Frenna Met, a.l. Newborn screening for congenital hypothyroidism: The benefit of using differential
cutoffs in a 2-screen program. J. Clin. Endocrinol. Metab. 2021, 106, e338–e349. [CrossRef]

14. Hinton, C.F.; Harris, K.B.; Borgfeld, L.; Drummond-Borg, M.; Eaton, R.; Lorey, F.; Therrell, B.L.; Wallace, J.; Pass, K.A. Trends
in incidence rates of congenital hypothyroidism related to select demographic factors: Data from the United States, California,
Massachusetts, New York, and Texas. Pediatrics 2010, 125 (Suppl. S2), S37–S47. [CrossRef] [PubMed]

15. Fisher, D.A. Thyroid system immaturities in very low birth weight premature infants. Semin. Perinatol. 2008, 32, 387–397.
[CrossRef] [PubMed]

16. Larson, C.; Hermos, R.; Delaney, A.; Daley, D.; Mitchell, M. Risk factors associated with delayed thyrotropin elevations in
congenital hypothyroidism. J. Pediatr. 2003, 143, 587–591. [CrossRef]

17. Hyman, S.J.; Greig, F.; Holzman, I.; Patel, A.; Wallach, E.; Rapaport, R. Late rise of thyroid stimulating hormone in ill newborns. J.
Pediatr. Endocrinol. Metab. 2007, 20, 501–510. [CrossRef] [PubMed]

18. Nagasaki, K.; Sato, H.; Sasaki, S.; Nyuzuki, H.; Shibata, N.; Sawano, K.; Hiroshima, S.; Asami, T. Re-evaluation of the prevalence
of permanent congenital hypothyroidism in Niigata, Japan: A retrospective study. Int. J. Neon Screeen 2021, 7, 27. [CrossRef]

19. McGrath, N.; Hawkes, C.P.; McDonnell, C.M.; Cody, D.; O’Connell, S.M.; Mayne, P.D.; Murphy, N.P. Incidence of congenital
hypothyroidism over 37 years in Ireland. Pediatrics 2018, 142, e20181199. [CrossRef]

20. Chen, J.; Lin, S.; Zeng, G.; Wang, W.; Lin, Z.; Xu, C.; He, Y.; Shi, J.; Zhou, X.; Niu, C.; et al. Epidemiologic characteristics and risk
factors for congenital hypothyroidism from 2009 to 2018 in Xiamen, China. Endocr. Pract. 2020, 26, 585–594. [CrossRef]

21. Gunnerbeck, A.; Lundholm, C.; von Döbeln, U.; Zetterström, R.H.; Almqvist, C.; Nordenström, A. Neonatal screening for
congenital hypothyroidism in Sweden 1980–2013: Effects of lowering the thyroid-stimulating hormone threshold. Eur. J.
Endocrinol. 2023, 188, 536–546. [CrossRef]

22. Rose, S.R.; Blunden, C.E.; Jarrett, O.O.; Kaplan, K.; Caravantes, R.; Akinbi, H.T. Utility of repeat testing for congenital hypothy-
roidism in infants with very low birth weight. J. Pediatr. 2022, 242, 152–158.e1. [CrossRef]

https://doi.org/10.1089/thy.2020.0333
https://www.ncbi.nlm.nih.gov/pubmed/33272083
https://doi.org/10.1159/000491388
https://doi.org/10.1530/ETJ-24-0125
https://www.ncbi.nlm.nih.gov/pubmed/38963712
https://doi.org/10.1111/cen.15110
https://www.ncbi.nlm.nih.gov/pubmed/39072866
https://doi.org/10.1530/ETJ-24-0358
https://doi.org/10.1530/ETJ-24-0329
https://doi.org/10.1186/1824-7288-35-2
https://doi.org/10.1210/jc.2012-3273
https://doi.org/10.1159/000369394
https://doi.org/10.1210/jc.2019-00900
https://doi.org/10.1210/clinem/dgaa789
https://doi.org/10.1542/peds.2009-1975D
https://www.ncbi.nlm.nih.gov/pubmed/20435716
https://doi.org/10.1053/j.semperi.2008.09.003
https://www.ncbi.nlm.nih.gov/pubmed/19007675
https://doi.org/10.1067/S0022-3476(03)00332-9
https://doi.org/10.1515/JPEM.2007.20.4.501
https://www.ncbi.nlm.nih.gov/pubmed/17550214
https://doi.org/10.3390/ijns7020027
https://doi.org/10.1542/peds.2018-1199
https://doi.org/10.4158/EP-2019-0491
https://doi.org/10.1093/ejendo/lvad064
https://doi.org/10.1016/j.jpeds.2021.11.003


Int. J. Neonatal Screen. 2025, 11, 65 10 of 12

23. Feldt-Rasmussen, U.; Effraimidis, G.; Klose, M. The hypothalamus-pituitary-thyroid (HPT)-axis and its role in physiology and
pathophysiology of other hypothalamus-pituitary functions. Mol. Cell Endocrinol. 2021, 525, 111173. [CrossRef] [PubMed]

24. Beck-Peccoz, P.; Persani, L. Variable biological activity of thyroid-stimulating hormone. Eur. J. Endocrinol. 1994, 131, 331–340.
[CrossRef] [PubMed]

25. Persani, L.; Ferretti, E.; Borgato, S.; Faglia, G.; Beck-Peccoz, P. Circulating thyrotropin bioactivity in sporadic central hypothy-
roidism. J. Clin. Endocrinol. Metab. 2000, 85, 3631–3635. [CrossRef] [PubMed]

26. Grunenwald, S.; Caron, P. Central hypothyroidism in adults: Better understanding for better care. Pituitary 2014, 18, 169–175.
[CrossRef]

27. Persani, L. Clinical review: Central hypothyroidism: Pathogenic, diagnostic, and therapeutic challenges. J. Clin. Endocrinol. Metab.
2012, 97, 3068–3078. [CrossRef]

28. Adachi, M.; Soneda, A.; Asakura, Y.; Muroya, K.; Yamagami, Y.; Hirahara, F. Mass screening of newborns for congenital
hypothyroidism of central origin by free thyroxine measurement of blood samples on filter paper. Eur. J. Endocrinol. 2012, 166,
829–838. [CrossRef]

29. Kempers, M.J.E.; Lanting, C.I.; van Heijst, A.F.J.; van Trostenburg, S.P.; Wiedijk, B.M.; de Vijlder, J.J.M.; Vulsma, T. Neonatal screen-
ing for congenital hypothyroidism based on thyroxine, thyrotropin, and thyroxine-binding globulin measurement: Potentials and
pitfalls. J. Clin. Endocrinol. Metab. 2006, 91, 3370–3376. [CrossRef]

30. Lauffer, P.; Zwaveling-Soonawala, N.; Naafs, J.C.; Boelen, A.; van Trotsenbourg, P. Diagnosis and management of central
congenital hypothyroidism. Front. Endocrinol. 2021, 12, 686317. [CrossRef]

31. Naafs, J.C.; Marchal, J.P.; Fliers, E.; Verkerk, P.H.; Luijten, M.A.J.; Boelen, A.; van Trotsenburg, A.S.P.; Zwaveling-Soonawala, N.
Cognitive and Motor Outcome in Patients with Early-Detected Central Congenital Hypothyroidism Compared with Siblings. J.
Clin. Endocrinol. Metab. 2021, 106, e1231–e1239. [CrossRef]

32. Lanting, C.I.; van Tijn, D.A.; Loeber, J.G.; Vulsma, T.; de Vijlder, J.J.; Verkerk, P.H. Clinical effectiveness and cost-effectiveness of
the use of the thyroxine/thyroxine-binding globulin ratio to detect congenital hypothyroidism of thyroidal and central origin in a
neonatal screening program. Pediatrics 2005, 116, 168–173. [CrossRef]

33. Naafs, J.C.; Verkerk, P.H.; Fliers, E.; van Trotsenburg, A.S.P.; Zwaveling-Soonawala, N. Clinical and genetic characteristics of
Dutch children with central congenital hypothyroidism, early detected by neonatal screening. Eur. J. Endocrinol. 2020, 183,
627–636. [CrossRef]

34. Boelen, A.; Zwaveling-Soonawala, N.; Heijboer, A.C.; van Trotsenburg, A.S.P. Neonatal screening for primary and central
congenital hypothyroidism: Is it time to go Dutch? Eur. Thyroid. J. 2023, 12, e230041. [CrossRef]

35. Stroek, K.; Heijboer, A.C.; van Veen-Sijne, M.; Bosch, A.M.; van der Ploeg, C.P.B.; Zwaveling-Soonawala, N.; de Jonge, R.; van
Trotsenburg, A.S.P.; Boelen, A. Improving the Dutch Newborn screening for central congenital hypothyroidism by using 95%
reference intervals for thyroxine-binding globulin. Eur. Thyroid. J. 2021, 10, 222–229. [CrossRef]

36. Stroek, K.; Heijboer, A.C.; Bouva, M.J.; van der Ploeg, C.P.B.; Heijnen, M.A.; Weijman, G.; Bosch, A.M.; de Jonge, R.; Schielen,
P.C.J.I.; van Trotsenburg, A.S.P.; et al. Critical evaluation of the newborn screening for congenital hypothyroidism in the
Netherlands. Eur. J. Endocrinol. 2020, 183, 265–273. [CrossRef] [PubMed]

37. Groeneweg, S.; van Geest, F.S.; Abaci, A.; Alcantud, A.; Ambegaonkar, G.P.; Armour, C.M.; Bakhtiani, P.; Barca, D.; Bertini, E.S.;
van Beynum, I.M.; et al. Disease characteristics of MCT8 deficiency: An international, retrospective, multicentre cohort study.
Lancet Diab. Endocrinol. 2020, 8, 594–605. [CrossRef] [PubMed]

38. Friesema, E.C.; Grueters, A.; Biebermann, H.; Krude, H.; von Moers, A.; Reeser, M.; Barrett, T.G.; E Mancilla, E.; Svensson,
J.; Kester, M.H.; et al. Association between mutations in a thyroid hormone transporter and severe X-linked psychomotor
retardation. Lancet 2004, 364, 1435–1437. [CrossRef] [PubMed]

39. Dumitrescu, A.M.; Liao, X.H.; Best, T.B.; Brockmann, K.; Refetoff, S. A novel syndrome combining thyroid and neurological
abnormalities is associated with mutations in a monocarboxylate transporter gene. Am. J. Hum. Genet. 2004, 74, 168–175. [CrossRef]

40. Vatine, G.D.; Al-Ahmad, A.; Barriga, B.K.; Svendsen, S.; Salim, A.; Garcia, L.; Garcia, V.J.; Ho, R.; Yucer, N.; Qian, T.; et al.
Modeling Psychomotor Retardation using iPSCs from MCT8-Deficient Patients Indicates a Prominent Role for the Blood-Brain
Barrier. Cell Stem Cell 2017, 20, 831–843.e5. [CrossRef]

41. Iwayama, H.; Kakita, H.; Iwasa, M.; Adachi, S.; Takano, K.; Kikuchi, M.; Fujisawa, Y.; Osaka, H.; Yamada, Y.; Okumura, A.; et al.
Measurement of Reverse Triiodothyronine Level and the Triiodothyronine to Reverse Triiodothyronine Ratio in Dried Blood Spot
Samples at Birth May Facilitate Early Detection of Monocarboxylate Transporter 8 Deficiency. Thyroid 2021, 31, 1316–1321. [CrossRef]

42. Groeneweg, S.; Peeters, R.P.; Moran, C.; Stoupa, A.; Auriol, F.; Tonduti, D.; Dica, A.; Paone, L.; Rozenkova, K.; Malikova, J.; et al.
Effectiveness and safety of the tri-iodothyronine analogue Triac in children and adults with MCT8 deficiency: An international,
single-arm, open-label, phase 2 trial. Lancet Diab. Endocrinol. 2019, 7, 695–706. [CrossRef]

43. Refetoff, S.; Pappa, T.; Williams, M.K.; Matheus, M.G.; Liao, X.H.; Hansen, K.; Nicol, L.; Pierce, M.; Blasco, P.A.; Jensen, M.W.; et al.
Prenatal Treatment of Thyroid Hormone Cell Membrane Transport Defect Caused by MCT8 Gene Mutation. Thyroid 2021, 31,
713–720. [CrossRef]

https://doi.org/10.1016/j.mce.2021.111173
https://www.ncbi.nlm.nih.gov/pubmed/33549603
https://doi.org/10.1530/eje.0.1310331
https://www.ncbi.nlm.nih.gov/pubmed/7921220
https://doi.org/10.1210/jc.85.10.3631
https://www.ncbi.nlm.nih.gov/pubmed/11061514
https://doi.org/10.1007/s11102-014-0559-8
https://doi.org/10.1210/jc.2012-1616
https://doi.org/10.1530/EJE-11-0653
https://doi.org/10.1210/jc.2006-0058
https://doi.org/10.3389/fendo.2021.686317
https://doi.org/10.1210/clinem/dgaa901
https://doi.org/10.1542/peds.2004-2162
https://doi.org/10.1530/EJE-20-0833
https://doi.org/10.1530/ETJ-23-0041
https://doi.org/10.1159/000513516
https://doi.org/10.1530/EJE-19-1048
https://www.ncbi.nlm.nih.gov/pubmed/32580148
https://doi.org/10.1016/S2213-8587(20)30153-4
https://www.ncbi.nlm.nih.gov/pubmed/32559475
https://doi.org/10.1016/S0140-6736(04)17226-7
https://www.ncbi.nlm.nih.gov/pubmed/15488219
https://doi.org/10.1086/380999
https://doi.org/10.1016/j.stem.2017.04.002
https://doi.org/10.1089/thy.2020.0696
https://doi.org/10.1016/S2213-8587(19)30155-X
https://doi.org/10.1089/thy.2020.0306


Int. J. Neonatal Screen. 2025, 11, 65 11 of 12

44. Refetoff, S.; Bassett, J.H.D.; Beck-Peccoz, P.; Bernal, J.; Brent, G.; Chatterjee, K.; De Groot, L.J.; Dumitrescu, A.M.; Jameson, J.L.;
Kopp, P.A.; et al. Classification and Proposed Nomenclature for Inherited Defects of Thyroid Hormone Action, Cell Transport,
and Metabolism. Eur. Thyroid. J. 2014, 3, 7–9. [CrossRef]

45. Persani, L.; Campi, I. Syndromes of Resistance to Thyroid Hormone Action. Exp. Suppl. 2019, 111, 55–84. [PubMed]
46. Hauser, P.; Zametkin, A.J.; Martinez, P.; Vitiello, B.; Matochik, J.A.; Mixson, A.J.; Weintraub, B.D. Attention deficit-hyperactivity

disorder in people with generalized resistance to thyroid hormone. N. Eng. J. Med. 1993, 328, 997–1001. [CrossRef] [PubMed]
47. Uter, J.; Heldmann, M.; Rogge, B.; Obst, M.; Steinhardt, J.; Brabant, G.; Moran, C.; Chatterjee, K.; Munte, T.F. Patients with muta-

tions of the Thyroid hormone beta-receptor show an ADHD-like phenotype for performance monitoring: An electrophysiological
study. NeuroImage Clin. 2020, 26, 102250. [CrossRef]

48. Mixson, A.J.; Parrilla, R.; Ransom, S.C.; Wiggs, E.A.; McClaskey, J.H.; Hauser, P.; Weintraub, B.D. Correlations of language
abnormalities with localization of mutations in the beta-thyroid hormone receptor in 13 kindreds with generalized resistance to
thyroid hormone: Identification of four new mutations. J. Clin. Endocrinol. Metab. 1992, 75, 1039–1045.

49. Stein, M.A.; Weiss, R.E.; Refetoff, S. Neurocognitive characteristics of individuals with resistance to thyroid hormone: Comparisons
with individuals with attention-deficit hyperactivity disorder. J. Dev. Behav. Pediat 1995, 16, 406–411. [CrossRef]

50. Ferrara, A.M.; Onigata, K.; Ercan, O.; Woodhead, H.; Weiss, R.E.; Refetoff, S. Homozygous thyroid hormone receptor beta-gene
mutations in resistance to thyroid hormone: Three new cases and review of the literature. J. Clin. Endocrinol. Metab. 2012, 97,
1328–1336. [CrossRef]

51. Refetoff, S.; DeWind, L.T.; DeGroot, L.J. Familial syndrome combining deaf-mutism, stuppled epiphyses, goiter and abnormally
high PBI: Possible target organ refractoriness to thyroid hormone. J. Clin. Endocrinol. Metab. 1967, 27, 279–294. [CrossRef]

52. Okosieme, O.E.; Usman, D.; Taylor, P.N.; Dayan, C.M.; Lyons, G.; Moran, C.; Chatterjee, K.; Rees, D.A. Cardiovascular morbidity
and mortality in patients in Wales, UK with resistance to thyroid hormone beta (RTHbeta): A linked-record cohort study. Lancet
Diab. Endocrinol. 2023, 11, 657–666. [CrossRef]

53. Campi, I.; Censi, S.; Prodam, F.; Petrone, L.; Brigante, G.; Porcelli, T.; Ruggeri, R.M.; Vigone, M.C.; Rurale, G.; Lio, S.; et al.
Increased cardiovascular morbidity and reduced life expectancy in a large Italian cohort of patients with resistance to thyroid
hormone β (RTHβ). Eur. J. Endocrinol. 2024, 191, 407–415. [CrossRef]

54. Radetti, G.; Persani, L.; Molinaro, G.; Mannavola, D.; Cortelazzi, D.; Chatterjee, V.K.; Beck-Peccoz, P. Clinical and hormonal outcome
after two years of triiodothyroacetic acid treatment in a child with thyroid hormone resistance. Thyroid 1997, 7, 775–778. [CrossRef]

55. Takeda, T.; Suzuki, S.; Liu, R.T.; DeGroot, L.J. Triiodothyroacetic acid has unique potential for therapy of resistance to thyroid
hormone. J. Clin. Endocrinol. Metab. 1995, 80, 2033–2040. [PubMed]

56. Groeneweg, S.; Peeters, R.P.; Visser, T.J.; Visser, W.E. Therapeutic applications of thyroid hormone analogues in resistance to
thyroid hormone (RTH) syndromes. Mol. Cel. Endocrinol. 2017, 458, 82–90. [CrossRef] [PubMed]

57. Torre, P.; Bertoli, M.; Di Giovanni, S.; Scommegna, S.; Conte, C.; Novelli, G.; Cianfarani, S. Endocrine and neuropsychological
assessment in a child with a novel mutation of thyroid hormone receptor: Response to 12-month triiodothyroacetic acid (TRIAC)
therapy. J. Endocrinol. Investig. 2005, 28, 657–662. [CrossRef] [PubMed]

58. LaFranchi, S.H.; Snyder, D.B.; Sesser, D.E.; Skeels, M.R.; Singh, N.; Brent, G.A.; Nelson, J.C. Follow-up of newborns with elevated
screening T4 concentrations. J. Pediatr. 2003, 143, 296–301. [CrossRef]

59. Vela, A.; Perez-Nanclares, G.; Rios, I.; Rica, I.; Portillo, N.; Castano, L. Spanish Group for the Study of RTH. Thyroid hormone
resistance from newborns to adults: A Spanish experience. J. Endocrinol. Investig. 2019, 42, 941–949. [CrossRef]

60. Bochukova, E.; Schoenmakers, N.; Agostini, M.; Schoenmakers, E.; Rajanayagam, O.; Keogh, J.M.; Henning, E.; Reinemund, J.;
Gevers, E.; Sarri, M.; et al. A mutation in the thyroid hormone receptor alpha gene. N. Engl. J. Med. 2012, 366, 243–249. [CrossRef]

61. van Mullem, A.; van Heerebeek, R.; Chrysis, D.; Visser, E.; Medici, M.; Andrikoula, M.; Tsatsoulis, A.; Peeters, R.; Visser, T.J.
Clinical phenotype and mutant TRα1. N. Engl. J. Med. 2012, 366, 1451–1453. [CrossRef]

62. van Mullem, A.A.; Chrysis, D.; Eythimiadou, A.; Chroni, E.; Tsatsoulis, A.; de Rijke, Y.B.; Visser, W.E.; Visser, T.J.; Peeters, R.P.
Clinical phenotype of a new type of thyroid hormone resistance caused by a mutation of the TRα1 receptor: Consequences of LT4
treatment. J. Clin. Endocrinol. Metab. 2013, 98, 3029–3038. [CrossRef]

63. Van Gucht, A.L.M.; Meima, M.E.; Zwaveling-Soonawala, N.; Visser, W.E.; Fliers, E.; Wennink, J.M.B.; Henny, C.; Visser, T.J.;
Peeters, R.P.; van Trotsenburg, A.S.P. Resistance to Thyroid Hormone Alpha in an 18-month-old Girl: Clinical, Therapeutic and
Molecular Characteristics. Thyroid 2016, 26, 338–346. [CrossRef]

64. Furman, A.E.; Dumitrescu, A.M.; Refetoff, S.; Weiss, R.E. Early diagnosis and treatment of an infant with a novel thyroid hormone
receptor alpha gene (cC380SfsX9) mutation. Thyroid 2021, 31, 1003–1005. [CrossRef]

65. Erbas, M.; Çakir, M.D.; Yener, A.S.; Demir, K. Long-term follow-up results and treatment outcomes of children and adults with
resistance to thyroid hormone alpha. J. Endocrinol. Investig. 2023, 46, 1855–1863. [CrossRef] [PubMed]

66. Musolino, A.; Grifoni, G.F.A.; Rodolfi, S.; Andreasi, M.; Bulgarelli, I.; Fanelli, F.; Morelli, V.; Persani, L.; Campi, I. Variable
diagnoses in cases referred for discordant thyroid function tests: Focus on lymphoproliferative disorders. Thyroid 2025, in press.

https://doi.org/10.1159/000358180
https://www.ncbi.nlm.nih.gov/pubmed/31588528
https://doi.org/10.1056/NEJM199304083281403
https://www.ncbi.nlm.nih.gov/pubmed/8450877
https://doi.org/10.1016/j.nicl.2020.102250
https://doi.org/10.1097/00004703-199512000-00003
https://doi.org/10.1210/jc.2011-2642
https://doi.org/10.1210/jcem-27-2-279
https://doi.org/10.1016/S2213-8587(23)00155-9
https://doi.org/10.1093/ejendo/lvae117
https://doi.org/10.1089/thy.1997.7.775
https://www.ncbi.nlm.nih.gov/pubmed/7608251
https://doi.org/10.1016/j.mce.2017.02.029
https://www.ncbi.nlm.nih.gov/pubmed/28235578
https://doi.org/10.1007/BF03347267
https://www.ncbi.nlm.nih.gov/pubmed/16218051
https://doi.org/10.1067/S0022-3476(03)00184-7
https://doi.org/10.1007/s40618-019-1007-4
https://doi.org/10.1056/NEJMoa1110296
https://doi.org/10.1056/NEJMc1113940
https://doi.org/10.1210/jc.2013-1050
https://doi.org/10.1089/thy.2015.0463
https://doi.org/10.1089/thy.2020.0695
https://doi.org/10.1007/s40618-023-02043-1
https://www.ncbi.nlm.nih.gov/pubmed/36821077


Int. J. Neonatal Screen. 2025, 11, 65 12 of 12

67. Westbye, A.B.; Aas, F.E.; Kelp, O.; Dahll, L.K.; Thorsby, P.M. Analysis of free, unbound thyroid hormones by liquid
chromatography-tandem mass spectrometry: Amini-review of the medical rationale and analytical methods. Anal. Sci. Adv. 2023,
4, 244–254. [CrossRef] [PubMed]

68. Gelb, M.H.; Basheeruddin, K.; Burlina, A.; Chen, H.J.; Chien, Y.H.; Dizikes, G.; Dorley, C.; Giugliani, R.; Hietala, A.; Hong, X.; et al.
Liquid Chromatography–Tandem Mass Spectrometry in Newborn Screening Laboratories. Int. J. Neonatal Screen. 2022, 8, 62. [CrossRef]

69. Wilson, J.M.G.; Jungner, G. Principles and Practice of Screening for Disease; WHO: Geneva, Switzerland, 1968; Available online:
https://iris.who.int/handle/10665/37650 (accessed on 18 August 2025).

70. EURORDIS-Rare Diseases Europe. Key Principles for Newborn Screening. A EURORDIS Position Paper. 2021. Available online:
https://www.eurordis.org/publications/key-principles-for-newborn-screening/ (accessed on 18 August 2025).

71. Millington, D.S.; Kodo, N.; Norwood, D.L.; Roe, C.R. Tandem Mass Spectrometry: A New Method for Acylcarnitine Profiling
with Potential for Neonatal Screening for Inborn Errors of Metabolism. J. Inher Metab. Dis. 1990, 13, 321–324. [CrossRef]

72. Rashed, M.S.; Ozand, P.T.; Harrison, M.E.; Watkins, P.J.F.; Evans, S.; Baillie, T.A. Electrospray Tandem Mass Spectrometry in the
Diagnosis of Organic Acidemias. Rapid Commun. Mass. Spectrom. 1994, 8, 129–133. [CrossRef]

73. Schulze, A.; Lindner, M.; Kohlmü, D.; Olgemö, K.; Mayatepek, E.; Hoffmann, G.F. Expanded Newborn Screening for Inborn
Errors of Metabolism by Electrospray Ionization-Tandem Mass Spectrometry: Results, Outcome, and Implications. Pediatrics 2003,
111, 1399–1406. [CrossRef]

74. Ruoppolo, M.; Malvagia, S.; Boenzi, S.; Carducci, C.; Dionisi-Vici, C.; Teofoli, F.; Burlina, A.; Angeloni, A.; Aronica, T.; Bordugo,
A.; et al. Expanded Newborn Screening in Italy Using Tandem Mass Spectrometry: Two Years of National Experience. Int. J.
Neonatal Screen. 2022, 8, 47. [CrossRef]

75. Oliver-Petit, I.; Edouard, T.; Jacques, V.; Bournez, M.; Cartault, A.; Grunenwald, S.; Savagner, F. Next-Generation Sequencing anal-
ysis reveals frequent familial origin and oligogenism in congenital hypothyroidism with dyshormonogenesis. Front. Endocrinol.
2021, 12, 657913. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/ansa.202200067
https://www.ncbi.nlm.nih.gov/pubmed/38716305
https://doi.org/10.3390/ijns8040062
https://iris.who.int/handle/10665/37650
https://www.eurordis.org/publications/key-principles-for-newborn-screening/
https://doi.org/10.1007/BF01799385
https://doi.org/10.1002/rcm.1290080124
https://doi.org/10.1542/peds.111.6.1399
https://doi.org/10.3390/ijns8030047
https://doi.org/10.3389/fendo.2021.657913

	Introduction 
	Italian NBS Program for CH 
	Central CH 
	Other Rare Congenital Thyroid Diseases 
	MCT8 Defects 
	Resistance to Thyroid Hormone Beta 
	Resistance to Thyroid Hormone Alfa 

	NBS for Rare Congenital Thyroid Diseases 
	Conclusions 
	References

