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Abstract

This manuscript reviews the evolution of newborn screening for primary congenital hypothyroidism (CH) and explores future
strategies to enhance diagnostic accuracy. Over the past few decades, newborn screening has expanded

globally, significantly reducing the incidence of severe forms of the disease. However, challenges persist, especially regarding
the overdiagnosis of mild cases of primary CH, which may not require treatment. Omic sciences may help researchers to
enhance the understanding of primary CH and to uncover new biomarkers to identify mild cases with altered proteomic
and/or metabolic profiles associated with the need for treatment. Record-linkage studies can help deepen knowledge
on the long-term outcomes of affected children identified through newborn screening. Nevertheless, despite 50 years of
newborn screening for primary CH, a minority of newborns currently benefit from this critically important public health
intervention. Efforts should be done to expand access to newborn screening globally, especially for those born in developing

countries.
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Introduction

Primary congenital hypothyroidism (CH) is one of the
most common preventable causes of adverse
neurodevelopmental outcomes. It is a complex

condition present at birth, resulting in severe to mild
thyroid hormone deficiency and may be caused by
abnormal development (dysgenesis) or dysfunction of
the thyroid gland (in situ thyroid). There is a female
predominance among cases with thyroid dysgenesis
and a similar sex incidence among those with a
normally shaped and located thyroid (1, 2, 3). Among
these, primary CH may be permanent or transient.

Optimal management of primary CH requires early
diagnosis and prompt treatment to avoid severe
neurocognitive sequelae (4). This goal has been
achieved by newborn screening (NBS),
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which represents one of the most important results of
preventive medicine in childhood.

NBS for CH began in Quebec and Pittsburg. Specifically, in
1973, Jean Dussault developed a radioimmunoassay to
measure T4 in dried blood filter paper specimens and
then applied it to screening newborns for CH (5). In
1975, Dussault reported the results of screening 47,000
newborns in Quebec, detecting seven cases of CH
(~1:7000) (6). In 1978, Fisher and collaborators reported
the detection of 277 patients with CH in 1 million infants
screened in North America, an incidence of 1:3684 (7).
Since then, universal NBS for CH has been implemented
in many countries around the world.

Here, we present how NBS for primary CH has evolved
over time in terms of priorities, screening technology and
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populations screened. Considerations on the future
development of NBS for primary CH are also discussed.

The priority of NBS for primary CH

In 1968, Wilson and Jungner published ‘Principles and
Practice of Screening for Disease’, a fundamental work
that identified ten principles that should be considered
when making a screening decision (8). Although these
principles (Table 1) referred to population-based
screening in general and not to NBS in particular, they
have been widely adopted for NBS policies.

At that time, it was already known that neurocognitive
impairment due to CH was associated with the severity of
hypothyroidism at birth and the age of initiation of
replacement therapy (9, 10) and that improved
developmental outcomes could justify the economic
costs of mass NBS programs for CH (11, 12). However,
CH did not meet the Wilson-Jungner criteria until the late
1970s when a validated screening test first became
available.

Now, as then, the main objective of NBS for CH is the
eradication of cognitive disability resulting from severe
CH. However, the lesson learned in five decades of NBS
for CH is that primary CH covers a spectrum of
phenotypes, including mild, moderate and severe forms
of hypothyroidism (4, 13). In 2014 the international
guidelines promoted by the European Society for
Paediatric Endocrinology stated that the priority of NBS
for CH should be the detection of all forms of primary CH:
mild, moderate and severe (14). This concept was also
confirmed in the most recent ENDO-European Reference
Network (ENDO-ERN) consensus guidelines on the
diagnosis and management of CH (13).

Although both ESPE and ENDO-ERN guidelines confirm
that the most sensitive test for detecting primary CH is

Table 1 Wilson and Jungner's principles of screening (8).
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the measurement of thyrotropin (TSH), ENDO-ERN
guidelines also recommend adding the measurement of
total or free thyroxine (fT4) to TSH to screen for central
CH when financial resources are available. This
recommendation, aimed at preventing the
neurodevelopmental sequelae of neonatal thyroid
hormone deficiency present at birth (13, 15), is also
based on evidence that the reported incidence of
central CH detected through neonatal screening is
higher than that thought in the pre-screening era
(1:100,000) and varies between 1:30,000 and 1:16,000,
based on the screening strategy (16, 17, 18).

Similarly, the American Academy of Pediatrics recently
reported that although the detection of infants with
moderate or severe primary hypothyroidism is the chief
priority of NBS programs, secondary priorities include the
detection of infants with mild primary hypothyroidism,
primary hypothyroidism of delayed onset (‘delayed TSH
elevation’), or central hypothyroidism (19).

Screening tests and strategies
to screen for primary CH

As already mentioned, the first available test to screen for
CH was the measurement of T4 from the eluate of filter
paper blood samples (6, 7). However, at that time, it was
already known that raised TSH had the advantage of
being a more sensitive test of thyroid insufficiency,
which is capable of detecting the disease even when
the level of circulating thyroid hormones had not yet
changed (20, 21, 22). Therefore, the measurement of
TSH from the eluate of dried blood spots (DBS) was
rapidly set up (23, 24). Furthermore, in 1977, Delange
and colleagues suggested that a better separation
between negative and positive results could be
obtained with TSH measured on the 5th day of life
because the wvariability of individual results

Concepts Principles

Condition to screen

1 The condition should be an important health problem
2 The natural history of the condition should be adequately understood
3 There should be a recognizable latent or early symptomatic stage

Test used to screen

4 There should be a suitable test or examination
5 The test should be acceptable to the population

Patients to screen and treatment

6 There should be an agreed policy on whom to treat as patients
7 There should be an accepted treatment for patients with recognized disease
8 Facilities for diagnosis and treatment should be available

Screening program features

9 The cost of case-finding (including diagnosis and treatment of patients diagnosed) should be
economically balanced in relation to possible expenditure on medical care as a whole
10 Case-finding should be a continuing process and not a ‘once and for all' project
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on the 5th day was smaller than that observed at birth
when measuring TSH in cord blood (25). Since then, TSH
measurement in the first week of life has been
progressively adopted in many screening programs
worldwide.

Because most cases of CH are caused by abnormalities in
thyroid gland formation or thyroid hormone synthesis,
NBS strategies are designed to detect elevated levels of
TSH and/or decreased concentrations of thyroxine (T4).
Currently, TSH is used as the primary screening test in
Canada, in more than 50% of the states in the US, and in
most other countries where an NBS program for CH is
active (19, 26, 27). In some NBS programs for CH, T4-TSH
backup-based or T4+TSH-based strategies are also used
(26). Only the Netherlands has chosen a more complex
approach, which is T4-based with a TSH and TBG backup.
This screening strategy is particularly effective in
detecting cases of central CH (17).

It is worth noting that strategies employing primary-TSH
testing or primary-T4 testing (with reflex TSH) have
similar accuracy in detecting severe forms of primary
CH, which show the greatest neurodevelopmental risk
(28). However, while the primary-TSH strategy can detect
forms with mild increases in TSH at birth (with normal
T4) (29, 30, 31), either strategy employing primary-TSH or
primary-T4 testing may be less sensitive for detecting
specific subgroups of infants with delayed increase in
TSH, particularly those born preterm or with low birth
weight (LBW), twins and infants admitted to neonatal
intensive care units (NICUs) (4, 32). For these infants,
re-screening at 2-4 weeks of age is recommended (13).
This issue is widely discussed in the sections below.

Changes in the neonatal population
screened for CH

Over recent decades, the profile of newborns screened for
primary CH in developed nations has undergone
significant changes, with an increase in preterm and
multiple births and infants admitted to NICU (33, 34,
35, 36).

From 1980 to 2014, there was an increase in preterm
births (<37 weeks gestation), so that in 2014
approximately 10.6% of all births worldwide were
preterm (37). It has been reported that the primary
explanation for this increase globally may be changes
in the registration of live births because previously many
preterm infants were not recorded as live births unless
they survived the first day of life (37). In the past decade,
little changes have been observed in global preterm birth
rates; however, some differences have been reported
among countries, with the US reporting a 12% increase
in preterm births from 2014 to 2022 (38). This increase
can be attributed to various factors, including an increase
in maternal age. Although both younger and advanced
maternal age are associated with preterm birth (36, 39),
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in recent years, mothers aged over 40 years have the
highest rates of preterm births (38).

Since the 1980s, twin pregnancy rates have also
increased, particularly in high-income or middle-
income countries (40, 41, 42, 43). It has been reported
that twinning rates were recently peaking at a historical
high, with rates of over 15 twin deliveries per 1000
deliveries in the USA, Canada, and the European Union.
Only the poorer regions of Latin America and in South
and Southeast Asia had lower twinning rates, often (well)
below 10 twin deliveries per 1000 deliveries (35). While
the important role of medically assisted reproduction is
undisputed (44), also the rise in the age at childbearing,
especially in high-income countries, has contributed to
increased twinning rates (45).

Concerning critically ill infants, in the last decades,
neonatal medicine has seen an increase in adopting
better clinical practices to decrease complications and
increase survival without major disability in these infants
(46, 47). These improvements have led to a higher
incidence of admissions to NICU in the USA (48) and
Europe (49), subsequently increasing the number of
sick infants who are now screened but who would
have died in the past (50).

Impact of changes in screened population
on NBS for CH

Babies with primary CH who are born premature, as
twins or with low birth weight, or who are sick in the
neonatal period, may not show an adequate TSH response
in the first weeks of life (33, 34, 51). Causes of this late rise
in TSH include one or a combination of the following
factors: developmental delay in the maturation of the
hypothalamic-pituitary-thyroid = (HPT) axis (52);
exposure to medications frequently used in the
intensive care setting that can suppress TSH
concentrations, such as dopamine and glucocorticoids
(53, 54); susceptibility to the thyroid-suppressive effects
of iodine in topical antiseptics, especially in iodine-
deficient areas (55, 56); recovery from sick euthyroid
syndrome (57, 58, 59); and fetal blood mixing in
monochorionic monozygotic twins (60).

Preterm infants exhibit a unique and dynamic pattern of
thyroid hormone levels, which can complicate the
diagnosis of primary CH. Besides the immaturity of the
HPT axis, the withdrawal of maternal thyroxine (T4) after
birth, exposure to iodine, especially in iodine-deficient
areas, medications, and the persistence of fetal
metabolism influence thyroid hormone physiology in
these infants (61). Being small for gestational age has
been strongly associated with higher TSH levels at
screening and follow-up (62, 63). In addition, transient
hypothyroxinemia, which is due to immature HPT
function, is a frequent finding in these infants and is
often aggravated by general illness in the preterm
neonate (64, 65, 66).
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Based on these observations, screening results in these
special categories of infants may be false negative either
in TSH-based neonatal screening programs or in
primary-T4 testing (67, 68, 69). To avoid missing cases
among neonates at risk of delayed increase in TSH,
ENDO-ERN guidelines recommend repeat sampling at
2 weeks of life or 2 weeks after the first screening test
was carried out in the following situations: preterm birth,
LBW and very low birth weight neonates, ill and preterm
newborns admitted to NICU, specimen collection within
the first 24 h of life, and multiple births (13). However,
some US and Canadian programs also adopt routine
repeat DBS collection and screening at 2 weeks oflife (19).

Identifying delayed TSH rise is clinically important
because it may be associated with overt
hypothyroidism at diagnosis. Particularly, a study
conducted on 333 infants (preterm and term infants)
admitted to NICU and showing delayed TSH rise on
second screening (TSH >15 mU/L) reported that 58% of
these infants required levothyroxine treatment (70).
Another recently published study found that 33%
(15/45) of preterm infants with delayed TSH rise had
TSH concentrations >100 mlIU/L at diagnosis, and all
infants with confirmatory serum TSH >20 mlIU/L also
showed low serum free T4 (71).

The impact of NBS on the incidence
of primary CH

Changes in testing techniques and
improvements in laboratory medicine

When NBS for CH was introduced, radioimmunological
assays (RIAs) were used to measure both T4 and TSH (25).
Over the years, laboratories moved towards the
measurement of TSH as the primary screening test and
progressively adopted more sensitive immunoradiometric
assays (IRMAs) as testing techniques (72). Currently, most
TSH test kits for DBS specimens are immunometric assays
that use fluorescence labels (fluorescence immunoassay,
FIA; time-resolved fluorescence immunoassay, TRFIA),
although kits wusing colorimetric (enzyme-linked
immunosorbent assay, ELISA) or radiometric labels
(IRMA) are also commercially available (73).

Over the years, laboratory medicine has also improved and
accurate methods to calculate cutoffs based on reference
intervals of neonatal TSH have been progressively adopted
(74, 75). In fact, to establish cutoffs, the screening
laboratory must first establish a reference range for the
disease marker(s) used. The reference range for the non-
normally distributed TSH variable is generally calculated
as values included between the 2.5th and 97.5th percentiles
and the TSH cutoff is roughly set at the 99th percentile of
the distribution (74).

It is worth noting that the selection of screening cutoffs is
based on a balance of clinical sensitivity (i.e. a high rate of
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case detection) and clinical specificity (i.e. an acceptable
recall rate) and that all screening programs might miss
cases. Therefore, selecting relatively low TSH cutoff
values reduces the number of false-negative screens
(i.e. missed cases), although it increases the recall rate,
which in turn increases costs and workload for the
screening program. Some authors have underlined the
negative impact of false-positive screening results on
families (76), whereas others have suggested that
parental stress and anxiety can be reduced with
improved education and communication to parents,
specifically at the time of follow-up screening (77).

Another factor to take into consideration when choosing
cutoffs is that TSH (as well as T4) levels decrease with the
age of the infant. In healthy term infants, birth stress
causes a physiological increase in TSH concentrations to
50-80 mIU/L serum within 30-60 min after delivery, it
remains elevated (10-15 mIU/L serum) for 24-48 h, and
then declines to <10 mIU/L serum by 1 week of age (78). It
is therefore important to adopt appropriate age-adjusted
TSH cutoffs to avoid erroneous results, with the potential
for missed cases or a too-high recall rate (27, 73, 79, 80).
This issue has become particularly relevant with the
introduction in many countries of expanded NBS
programs for rare metabolic diseases. In fact, some of
these diseases are time-critical and require the earliest
diagnosis to avoid mortality, therefore causing a
reduction of the time window to screen. For example,
in Italy, the introduction in 2016 of the expanded NBS
program reduced the age at screening from 3 to 5 days to
48-72 h oflife (81), with implications for the calculation of
the TSH cutoff.

Lowering TSH cutoff at screening and
re-screening

Starting with 50 mU/L TSH blood as the cutoff in the early
programs, which were able to identify severe cases of
primary CH, TSH cutoff points at screening have been
lowered over time to improve detection rates and because
of changes made to the assay methods (30, 82, 83, 84, 85).

With the introduction of re-screening procedures in
special categories of infants at risk of delayed rise of
TSH and because of TSH and thyroid hormone levels
change significantly within the first weeks after birth,
in some 2-screen programs it has been shown the benefit
of using differential TSH cutoffs, with a lower cutoff at re-
screening (83, 86). In Quebec, the analysis of 20 years of
screening for CH (1990-2009) showed that following an
initial TSH between 15.0 and 30.0 mU/L blood, the
reduction of the cutoff at the second test from 15.0 to
5.0 mU/L allowed to identify 49 additional cases on 620
diagnosed with primary CH in the period of the
observation, and 10 of these 49 had thyroid
dysgenesis in the form of ectopic thyroid (83).
Similarly, the analysis of 8 years’ experience with a
2-screen program for CH in the Lombardy region, Italy,
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Figure 1

Percentage of children diagnosed with CH that had transient CH at different initial TSH levels.

using differential TSH cutoffs (10.0 mIU/L blood at the first
screen and 5.0 mIU/L blood at the second one), has shown
that 52 of 119 infants with primary CH who were identified
at the second screening would have been missed if the
same TSH cutoff of 10.0 mU/L blood had been used at the
first and second screen. In addition, more than half of
these babies showed subnormal serum FT4 levels at
diagnosis, including cases with thyroid dysgenesis (86).
Taken together, these findings suggest that 2-screen
programs with the same screening cutoff for both
screens risk missing infants because of the physiologic
TSH concentration changes in relation to the age of the
infant at specimen collection. This is particularly relevant
in countries where the initial screening is obtained at age
24-72 h, because early timing of the first screening needs
higher TSH cutoffs to compensate for the physiologic
postnatal TSH surge (87, 88).

Reducing the TSH cutoff (at screening and re-screening)
has caused a progressive increase in detecting additional
mild forms of primary CH, mostly with normally located
and shaped thyroid, although more severe cases of
primary CH have been also reported (31, 69, 82, 85).
Particularly, it has been shown that around 20% of
infants diagnosed with primary CH and mild increases
at screening (<15 mIU/L blood) are due to some forms of
thyroid dysgenesis such as hemiagenesis, hypoplasia and
ectopic thyroid (31, 85). However, cases of mild primary
CH with eutopic thyroid frequently show transient

hypothyroidism. These forms have a number of
possible causes, including iodine deficiency or excess,
defects involving DUOX2 pathogenic variants, maternal
antithyroid drugs or maternal TSH-blocking antibodies,
and will revert back to normal thyroid function in the first
few years of life (89, 90).

Studies from the UK (29, 91), Italy (31, 92), Argentina (82),
Ireland (93) and Serbia (94) have examined those
diagnosed with permanent and transient CH at various
thresholds for the first TSH screening test. Fig. 1 shows
that for all children diagnosed with CH, the proportion
diagnosed with transient CH increases at lower initial
TSH thresholds. Among those who had an initial TSH
between 10 and 20 mIU/L blood, 23-40% of diagnoses
of CH had transient CH compared to 48-65% of children
diagnosed with primary CH with an initial TSH
level<10 mU/L blood. The day of bloodspot collection
differs between NBS programs and may impact results;
however, in all studies, children were diagnosed with
transient CH after a trial discontinuation of
levothyroxine treatment at approximately 3 years of age.

Impact of lowering TSH cutoffs and other
factors on the reported incidence of

primary CH

Over the last four to five decades, increasing incidence of
CH has been reported internationally (30, 31, 82, 83). The
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increasing incidence of CH can be explained by a number
of factors outlined above, with the most likely
explanation being the lowering of TSH thresholds by
NBS programs worldwide and increased survival of
preterm infants (84). Table 2 summarizes studies
reporting variations in primary CH incidence in
relation to lowering TSH cutoffs and adoption of re-
screening procedures in special categories of infants at
risk of delayed TSH rise.

NBS TSH thresholds are selected to detect as much
clinically significant disease as possible while
minimizing harms caused by false-positive results and
possible overdiagnosis. International experts disagree on
whether to lower NBS TSH levels to identify infants with
mildly elevated TSH levels (95). In the late 1990s and early
2000s, a number of countries in Europe (92, 94, 96) and
North and South America (82, 83) reduced TSH cutoffs. A
systematic review of global CH rates from the past
50 years identified that the global incidence increased
more sharply during 2001-2010 than in the previous four
decades, although after adjustment for different TSH
cutoffs, the incidence of primary CH significantly
increased over the last 40 years (97). This indicates that
changes in TSH cutoffs alone did not drive the increasing
primary CH rates.

The impact of an increased number of preterm infants
on incidence estimates of primary CH is more
complicated. Screening for CH in preterm infants is
very challenging, as their thyroid glands are in
various stages of development. As aforementioned,
preterm infants differ from term infants with a high
risk of delayed TSH rise due to the administration of
drugs known to impact thyroid hormone production
and the developmental delay of the hypothalamic-
pituitary-thyroid axis (14, 98). All of these issues may
be particularly pertinent at lower TSH cutoffs. The
lowering of initial TSH thresholds identifies more
preterm infants with CH (29, 31), and, in addition, the
introduction of repeat TSH screening for high-risk and
premature infants identifies more children with CH (84).
The increased survival of preterm infants and changes
in NBS strategies both contribute to the increased
incidence of CH. An Italian study found that about
half of the increased incidence of CH was attributable
to increased numbers of preterm infants (84). Another
recent study investigating increased CH rates in China
during the period 2012-2019 found an increase in
primary CH incidence from 1:2493 in 2012 to 1:1733
in 2019, with a parallel increment of 38% in
premature infants diagnosed with primary CH (99).
This study also hypothesizes that maternal
characteristics and environmental exposures may
impact CH incidence. However, studies examining the
impact of maternal characteristics, such as diabetes,
thyroid disease or alcohol use during pregnancy,
on neonatal TSH levels yield inconsistent findings
(100, 101).
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Ethnic differences in CH incidence have been reported,
with a higher risk for primary CH in infants of primarily
non-European ancestry (102). For example, Hinton et al.
reported that between 1991 and 2000, the highest
incidence of CH in the USA was found in Hispanic
newborns. However, the lowest incidence of CH in US
newborns in that study was found among infants of
African ancestry. The prevalence of consanguinity can
help to explain certain differences. In a study conducted
in Italy (84), consanguinity was found to be significantly
higher among African (24%), Asian (13%) and Hispanic
(9.0%) parents of CH babies than among Italian or East
European parents (2%). Babies born to consanguineous
parents showed a significantly higher frequency of
normal/hyperplastic thyroid than of thyroid dysgenesis
(65 vs 35%), suggesting a high occurrence of genetically
determined dyshormonogenesis.

Overall, the incidence of primary CH in preterm infants
has been reported to be around 1:900 live births (67),
with the highest estimate (1:50) in very low birth weight
infants (107). However, it is important to underline that
although the risk of transient CH is three-fold higher in
preterm than in term infants, only the frequency of
preterm infants with permanent CH (not transient CH)
has increased over time, mostly due to the progressive
adoption of re-screening procedures (84).

Identifying children using NBS TSH cutoffs is only the first
stage of ensuring at-risk children are diagnosed with CH
and treated. The decision to treat infants at lower
confirmed TSH levels depends upon clinical judgment
and varies between clinicians. A recent survey of
pediatric endocrinologists in Australia and New Zealand
found that extensive variation among clinical practice of
initiation of treatment with levothyroxine, particularly
among children with mild thyroid deficiency (103).
Changes in diagnostic practices could impact CH
incidence rates and should be investigated.

The future of NBS for primary CH

To optimize outcomes minimizing over- and
under-diagnosis

Improving detection of true cases of primary CH,
particularly reducing the over- and under-diagnosis of
mild cases, is a challenge for the future of NBS for CH.
First, it is crucial to establish screening reference
intervals for TSH across various preterm populations.
TSH percentiles at birth can differ based on multiple
factors in both term and preterm newborns. This
variability is evident not only during initial screenings
(71) but also in subsequent samples (86), underscoring the
need for tailored reference ranges. Few studies have
assessed postnatal trends in thyroid hormones,
corrected for gestational age, beyond the first week of
life, particularly for TSH concentrations in the vulnerable
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Table 2 CH incidence at different NBS TSH cutoffs in TSH based screening programs.

TSH cut-off (mU/L

NBS details blood)
Year cutoffs At CH Re-screening in infants at risk of delayed
Reference Country Assay DOC, day Study exclusions changes Initial re-screening® incidence TSH rise
McGrath et al. (93) Ireland TRFIA 3rd-5th Excluding preterm infants and 1976-2016 >8 No 1:2220 No
infants exposed to iodine excess
in the newborn period
Mitrovic et al. (94) Serbia IFMA 48-72h - 1997 >15 No 1:6223 No
1998-2006 >10 No 1:3893 No
2006-2014 >9 No 1:1872 No
Silvestrin et al. (134) Brazil TRFIA 3rd-5th - 2010-2012 >20 No 1:4137 No
>15 No 1:3603 No
>10 No 1:3103  No
>5 No 1:2539 No
Botler et al. (135) Brazil TRFIA 3rd-7th Exclude NSRC B where samples 2005-2007 >20 No 1:3311  No
collected from children over than >10 No 1:1014 No
7 days, the critical level was
10.0 pIU/mL. This is a follow-up
TSH cutoff
Deladoey et al. (83) Canada TRFIA 2nd-3rd - <2001 >15 No 1:2898 No
2001 >15 >5 1:2450 No
Heather et al. (136) New TRFIA 2nd-3rd Excluding low birth weight 2013-2014 >30 No 1:3670 No, requested second dried spot in infants older
Zealand (<1500 g) infants than 14 days and with initial TSH =15 mU/L blood
>25 >8 1:3174
>20 >8 1:2796
>15 >8 1:2499
Corbetta et al. (92) Italy TRFIA 3rd* - <1998 >20 No 1:2654 No
1999-2002 >12 No 1:1816  No
2003-2005 >10 >5 1:1154  Yes, infants born at <37 weeks gestation
retested between the 14th and 21st day of life
Mengreli et al. (30) Greece RIA 3rd-5th - 2000-2002 >20 No 1:2162  Yes, infants born <37 weeks gestation and
infants admitted to NICU
>10 No 1:1557  Yes
Chiesa et al. (82)  Argentina TRFIA 1.5-5th - 1997-2002 >15 No 1:2726  Yes, only babies born at <32 weeks gestation
2003-2010 >10 No 1:2088 Yes
Langham et al. (29) UK TRFIA 5th Excluding infants screened in 2006-2007 >20 No 1:2513  Yes, infants born at <32 weeks gestation
neonatal units >10 No 1:2015  Yes
>6 No 1:1645  Yes
Anastasovska & Macedonia TRFIA 48-72h - 2002-2010 >15 No 1:2489  Yes, infants born <37 weeks gestation, infants with
Kocova (137) birth weight <2500 g, infants admitted to NICU
2011-2015 >10 No 1:1585 Yes
Teixera Palla Brazil TRFIA 3rd-5th - 2021-2022 >10 No 1:2229  Yes, infants born at <32 weeks gestation or with
Braga et al. (85) birth weight <1500 g, infants with hemodynamic
instability, infants who received a transfusion
before sample collection for screening
>6  No 1:1323  Yes

RIA, radioimmunological assay; TRFIA, time-resolved fluorescence immunoassay; IFMA, two-site immunofluorometric assay; NSRC, Neonatal Screening Reference Centers; DOC, day of collection.

*Mean. *Differential TSH cut-off.
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preterm population (104). Second, establishing accurate
reference intervals for thyroid hormones for the
screened population that consider both gestational and
postnatal age is essential for the precise diagnosis and
management of thyroid dysfunction. Clinical features
suggestive of thyroid dysfunction are often present in
preterm infants regardless of their thyroid profile: they
are often admitted to NICU with cardiac dysfunction,
temperature  instability, coagulation  disorders,
bradycardia, apnea and hypotonia. These are therefore
not useful to differentiate children at risk of
hypothyroidism. Particularly during a critical period of
brain development, thyroid hormone ranges that
consider not only gestational age at birth but also
postnatal age are needed.

The decision to treat children with a certain thyroid
hormone profile must incorporate the potential long-
term neurodevelopmental and cognitive impairment of
children with mildly elevated TSH levels. However, the
question of whether these infants with mild primary CH
can benefit from early treatment remains a topic of
debate (95).

Outcome studies of duration and cognitive consequences
of thyroid hormone abnormalities in preterm infants are
scarce and confusing, as threshold selection for TSH or T4
and primary outcomes vary among studies. In neonatal
hyperthyrotropinemia, a systematic review including
82% of infants who received levothyroxine did not
show adverse developmental outcomes during infancy
or childhood (105). Hyperthyrotropinemia in preterm
infants is typically a mild and transient condition
characterized by delayed TSH elevation. These infants
often have known risk factors associated with this late
rise in TSH levels (71, 106), leading to variable
neurocognitive outcomes. Some studies indicate no
long-term developmental consequences (107). A
Taiwanese cohort study noted that preterm newborns
with TSH levels consistently in the upper quartiles at
birth and before discharge did not show an increased
risk of neurodevelopmental disturbances at 2 years of
age. This contrasts with infants who maintained lower
TSH concentrations or whose TSH levels rose from middle
to higher quartiles (108). In contrast, another small
follow-up study reported that 3% of infants consistently
in the top decile of gestationally age-adjusted TSH levels
had a significant reduction in cognitive, motor and fine
motor scores when compared with those not in the top
decile (109). Conversely, in a study involving 74 preterm
infants born before 32 weeks, no significant correlation
between TSH percentiles from the last newborn screen
and neurodevelopmental outcomes, including the
Bayley-III cognitive composite score, or growth metrics
at 18-22 months corrected age were observed (110).

Studies in term infants in Australia have reported
associations of mildly elevated neonatal TSH levels with
being exempt from school testing due to significant or
complex disability (111) and poor educational and
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developmental outcomes (112). In contrast, a Belgian
study found that although school-aged children with
neonatal TSH concentrations between 10 and 15 mIU/L
initially displayed lower verbal IQ scores, this association
was no longer significant after adjusting for household
income, maternal education and bilingualism (101). The
hypothesis that such patterns might reflect differences in
population iodine status (95) is consistent with the findings
of a recent meta-analysis of 13 studies that found high
newborn TSH levels negatively impacted cognitive
development in iodine-deficient areas, with no
significant relationship between these variables in
iodine-sufficient populations (113).

NBS for primary CH and omic sciences

The integration of biochemical data from NBS with omics
sciences - particularly genomics, proteomics and
metabolomics — offers significant potential to enhance
our understanding of primary CH and to uncover new
biomarkers able to identify mild cases with altered
proteomic/metabolic profiles associated with the need
of treatment. Over the past few decades, genomics has
helped clarify the genetic underpinnings of thyroid
dysgenesis and thyroid function defects (114, 115, 116,
117). However, genetic variations account for a small
minority of CH cases. As mentioned above, a key
challenge for the future of NBS for CH lies in
improving detection of true cases of primary CH,
reducing both over- and underdiagnosis of mild cases
of CH. Mild cases with true primary CH may exhibit
distinct circulatory and excretory metabolic profiles.

Wright et al. conducted a study on the thyroglobulin (Tg)
interactome using multiplexed quantitative affinity
purification-mass spectrometry (118). They defined the
Tg proteostasis interactome and observed changes in
proteostasis between wild-type Tg and several CH
variants. Their findings demonstrated that mutant Tg
processing is associated with common proteostasis
imbalances, including increased chaperoning, oxidative
folding and enhanced engagement of factors targeting
proteins  for  endoplasmic  reticulum-associated
degradation (118).

Metabolomics may also aid in identifying infants with mild
TSH elevations who could benefit from early treatment by
predicting hypothyroidism through metabolic changes.
Shao et al showed that both subclinical and clinical
hypothyroidism in adults are associated with metabolic
alterations, including changes in bile acid biosynthesis,
steroid hormone biosynthesis and amino acid
metabolism. These findings could potentially be
extended to infants with mild TSH elevation (119).

Moreover, discrepancies in thyroid hormone levels and
actions across different tissues in specific clinical contexts
highlight the need for detailed metabolic profiling and
tissue-specific biomarkers to more accurately assess
thyroid function. Future approaches may include
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tissue-specific delivery systems and isoform-specific
targeting of thyromimetics or thyroid hormone
metabolites, providing a minimally invasive treatment
option (120).

NBS for primary CH and linkage-record studies

In the past decade, the linkage of NBS data to routinely
collected health, development and education data have
been used to examine long-term outcomes for children
with various initial TSH levels (112). There are many
advantages to using linked administrative data to
identify long-term outcomes compared to other
traditional outcome collection methods such as patient
interviews or medical record reviews. As administrative
data are collected for other purposes, in jurisdictions
where these data sources are readily available, data
linkage may be a cost- and time-efficient method of
outcome collection. Data linkage minimizes loss to
follow-up as patients, particularly for long-term
outcomes where individuals have moved and cannot
be contacted (121) and reduces the burden of being
involved in research studies on children and families.

However, routinely collected administrative data lack
clinical detail of diagnosis, treatment and
comorbidities. This limitation can be overcome by the
linkage Dbetween bespoke clinical datasets and
administrative data for outcome identification. A
project in the UK is linking routinely collected health,
vital statistics and education data to NBS data. These data
are also being linked to a clinical dataset of 1800 children
who have screened positive for CH, which includes
longitudinal data on blood tests, thyroid scans and
treatment doses (122). However, these clinical datasets
require substantial time and input from clinicians and
parents for initial data collection.

Electronic health records (EHRs) are a potentially rich
source of clinical data. An EHR is a digital version of a
patient’s medical records updated in real time by
clinicians. The EHR can contain structured clinical
information recorded using clinical coding systems;
however, it can also include large amounts of free text,
imaging and laboratory data. While the amount of data
being stored in EHRs is increasing, there are a number of
barriers to the use of EHR in research, including lack of
completeness of the records (123), high amounts of
unstructured text (124), and lack of standardization
between systems (125). However, advances in analytic
techniques, particularly in machine learning and natural
language processing (124), can help in realizing the full
potential of EHRs for research purposes. Using EHRs and
other forms of ‘big data’ for research is an exciting
prospect for researchers and clinicians; however, it is
important to balance releasing confidential medical
information for research and ensuring individuals’
privacy and confidentiality are protected (124).
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NBS for primary CH in all the countries
worldwide

NBS for CH is an established public health measure that
significantly reduces the risk of cognitive disabilities and
other severe consequences if treatment is initiated
promptly. Despite its critical importance, only about
30% of newborns globally have access to this
potentially life-changing screening (26). Universal NBS
facilitates the early detection and timely administration
of levothyroxine, reducing the burden of intellectual
disability, which justifies NBS (126).

Low- and middle-income countries (LMICs) face
numerous challenges in implementing NBS programs,
which can arise at various stages, including pre-
analytical, analytical and post-analytical phases
(127, 128). In settings where most deliveries occur in
hospitals and mothers are discharged within 24-48 h,
using cord blood for CH screening is a feasible option.
However, in regions where most births happen at home,
alternative and innovative strategies for NBS need to be
developed. For instance, a pilot project in Nigeria
successfully offered screening for sickle cell disease to
infants up to 9 months old attending immunization
clinics, achieving coverage of up to 90% (129). Since
most infants in sub-Saharan Africa receive Bacillus
Calmette-Guerine (BCG) and polio vaccination, 71.7 and
76.1%, respectively, by day 28 of life (130), a similar
proportion of infants could be screened within the first
month of life if NBS and immunizations were linked. In
these cases, point-of-care testing (POCT) devices could be
used to perform the screening, identifying children who
may need referral for confirmatory testing if the initial
screening result is positive. POCT involves laboratory
tests performed near the patient care site, offering
rapid results to initiate appropriate treatment once the
condition has been confirmed. This might be particularly
beneficial in resource-limited settings where access to
medical care is limited. These straightforward tests are
suitable for use in primary care and remote areas without
traditional laboratory facilities. Conventional laboratory
tests typically require a multistep process, including
sample collection, transportation to a distant
centralized laboratory, and various processing steps.
The absence of healthcare providers, transportation or
adequate resources can delay clinical decision-making.
With these considerations in mind, we proposed a
strategy to enhance screening coverage for CH in
LMICs by wusing POCT for TSH at tuberculosis
vaccination clinics (131). Recent research has
demonstrated high sensitivity and specificity of TSH
detection using POCT compared to a reference method,
with consistent results across venous, capillary and
serum samples. The study also showed high accuracy
for diagnosing thyroid disorders and a strong
correlation between POCT and the reference method
(132). Furthermore, an Italian study confirmed the
robust performance of a different bedside test relative
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to the standard reference method, underscoring POCT’s
potential for NBS (133). However, costing analyses of
POCT implementation in LMICs, similar to those
already conducted for sickle cell disease screening
(138), are needed to assess feasibility and inform policy
decisions for the adoption of this strategy in NBS.

Conclusion

NBS for primary CH is a successful public health measure
that, in combination with early treatment, has prevented
cognitive impairment in large numbers of infants
worldwide. An important lesson learned from decades
of experience with programs screening for this disease is
that primary CH is a complex condition with phenotypes
including mild, moderate and severe forms. Over the
decades, NBS for primary CH has evolved to increase
the sensitivity of screening tests, which has led to
changes in the population of newborns diagnosed with
CH. A key challenge for the future lies in improving
detection of true cases of primary CH while reducing
the overdiagnosis of infants for whom treatment is not
required. Although the debate about optimal TSH cutoffs
continues, omic sciences may help researchers to
enhance understanding of primary CH and to uncover
new biomarkers to identify mild cases with altered
proteomic and/or metabolic profiles associated with the
need for treatment. Record-linkage studies can help to
deepen knowledge on long-term outcomes of children
with primary CH identified through NBS. Nevertheless,
despite 50 years of NBS for primary CH, only 30% of the
world’s newborns currently benefit from this essential
public health intervention. It is therefore imperative to
make concerted efforts to expand access to NBS globally
and make possible a better life for all affected newborns,
especially those born in LMICs.
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