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Editorial

Congenital Hypothyroidism: Moving Ahead, but a Long Way
Still to Go

Ernest M. Post 1,* and Natasha L. Heather 2,3

1 Cooper Medical School of Rowan University, Camden, NJ 08103, USA
2 New Zealand Newborn Metabolic Screening Programme, LabPlus, Health New Zealand|Te Whatu Ora,

Auckland 1023, New Zealand; nheather@adhb.govt.nz
3 Liggins Institute, University of Auckland, Auckland 1023, New Zealand
* Correspondence: poste@rowan.edu

Newborn screening (NBS) for congenital hypothyroidism (CH) has been going on for
more than fifty years, but we are still learning more about the process and the disease(s).
This Special Issue of the International Journal of Neonatal Screening was conceived to focus on
key contemporary issues surrounding CH NBS. These key issues include testing algorithms,
CH NBS in low- and middle-income countries, premature infants, central hypothyroidism,
and uncommon causes of CH.

We are very pleased to have met most of those goals. This Special Issue includes ten
articles from Algeria, Australia, Brazil, Canada, Chile, China, Indonesia, Italy, Morocco,
and New Zealand. The breadth of the information ranges from a report on the effects of
not having CH NBS (Contribution 1) (lest we forget) to advocating for the expansion of CH
NBS to include very rare causes (Contribution 2). The papers demonstrate both how far we
have come (99.5% of newborns screened in one jurisdiction) and how much more we still
have to accomplish (two thirds of patients experienced hypothyroidism after having been
made euthyroid) (Contribution 3).

The papers included in this Special Issue touch on the high points of the advancements
needed in CH NBS. While not explicitly part of the Special Issue, the most important goal is
to increase universal CH NBS from, at present, approximately 30% worldwide coverage to
100% [1] (Contributions 4 and 5). Other major issues include providing good care to those
with CH (Contribution 3), reviewing screening cutoffs (Contribution 6), finding the best
protocol for re-screening premature babies (Contributions 7 and 8), identifying the causes
of the rise in CH (Contribution 9), and discovering the best use of genetic information in
CH NBS (Contribution 10).

We look forward to future publications on the efforts undertaken to address these ar-
eas.

Conflicts of Interest: The authors declare no conflicts of interest.
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Adel Djermane 1,2, Yasmine Ouarezki 1,2, Kamelia Boulesnane 1,3, Sakina Kherra 1,4, Fadila Bouferoua 1,5,

Mimouna Bessahraoui 6,7, Nihad Selim 8,9, Larbi Djahlat 10, Kahina Mohammedi 1,11, Karim Bouziane Nedjadi 7,12,

Hakima Abes 13,14, Meriem Bensalah 1,15, Dyaeddine Lograb 16, Foued Abdelaziz 17, Dalila Douiri 1,18,

Soumia Djebari 5, Mohamed Seghir Demdoum 19, Nadira Rouabeh 20,21, Meriem Oussalah 6,7, Guy Van Vliet 22

and Asmahane Ladjouze 1,5,*

1 Faculty of Medicine, University of Health Science, Algiers 16028, Algeria; a.djermane@univ-alger.dz (A.D.)
2 Department of Paediatrics, Hassan Badi Public Hospital, Algiers 16051, Algeria
3 Department of Paediatrics, Bab El Oued Teaching Hospital, Algiers 16008, Algeria
4 Department of Paediatrics, Nafissa Hamoud Teaching Hospital, Algiers 16040, Algeria
5 Department of Paediatrics, Beni Messous Teaching Hospital, Algiers 16026, Algeria
6 Department of Paediatrics, Canastel Children’s Hospital, Oran 31130, Algeria
7 Faculty of Medicine, University of Oran, Oran 31000, Algeria
8 Faculty of Medicine, University of Annaba, Annaba 23000, Algeria
9 Department of Paediatrics, Saint Therese Clinic, Annaba 23000, Algeria
10 Independent Researcher, Mascara 29006, Algeria
11 Department of Pediatrics, Ain Taya Public Hospital, Algiers 16019, Algeria
12 Department of Paediatrics, Oran Teaching Hospital, Oran 31000, Algeria
13 Department of Pediatrics, Douira Teaching Hospital, Algiers 16049, Algeria
14 Faculty of Medicine, University of Blida, Blida 09000, Algeria
15 Endocrinology Unit, Central Hospital of Army, Algiers 16208, Algeria
16 Independent Researcher, Boussada 28200, Algeria
17 Independent Researcher, Annaba 23000, Algeria
18 Department of Paediatrics, Bologhine Public Hospital, Algiers 16030, Algeria
19 Independent Researcher, El-Oued 39002, Algeria
20 Department of Paediatrics, Setif Teaching Hospital, Setif 19000, Algeria
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Abstract

The absence of biochemical newborn screening (NBS) delays the diagnosis and treatment
of congenital hypothyroidism (CH), resulting in irreversible neurodevelopmental damage.
To determine the age at diagnosis for CH among Algerian children and to describe its
clinical and biological characteristics, etiology, and outcome, we conducted a multicenter
retrospective cohort study involving 288 children with CH across 20 pediatric centers
between 2005 and 2023. The median age at diagnosis was 1.6 months, and only 28%
of patients started treatment before 30 days. Prolonged neonatal jaundice was the most
frequently presented symptom (58%), severe CH (fT4 < 5 pmol/L) was observed in 35%
and 52% received an insufficient initial dose of L-T4. The median IQ of the 47 patients
tested was 86; 11% had an IQ < 70, and a negative correlation was found between age at
diagnosis and IQ (r = −0.48, p = 0.001). In children reassessed at age 3, 51% had normal
thyroid function, indicating transient CH. Delayed diagnosis and suboptimal treatment
of CH remain major challenges in Algeria, leading to substantial neurodevelopmental
deficits. Pediatricians must remain cognizant of early clinical signs of CH to allow for
timely diagnosis and intervention. Biochemical NBS for CH in Algeria is needed.

Int. J. Neonatal Screen. 2025, 11, 78 https://doi.org/10.3390/ijns110300783
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Keywords: congenital hypothyroidism; newborn screening; neurodevelopmental; IQ;
treatment; Algeria

1. Introduction

Congenital hypothyroidism (CH) is one of the most common causes of preventable intel-
lectual disability in children. In countries where universal newborn screening (NBS) programs
are established, CH is routinely detected within the first two weeks of life—allowing for early
initiation of levothyroxine therapy and preventing long-term neurodevelopmental impair-
ments [1]. However, in the absence of screening, diagnosis often relies on clinical suspicion
alone, which may be delayed due to the subtle or nonspecific nature of early symptoms [2].

In Algeria, there is currently no nationwide NBS program for CH. As a result, the diagnosis
is frequently based on the recognition of clinical signs, such as prolonged neonatal jaundice,
constipation, hypotonia, or delayed growth—signs that often appear after the critical period
for optimal neurological development. This delayed recognition contributes to late initiation
of treatment and increases the risk of permanent psychomotor and intellectual deficits [3].

In this context, our study aims to evaluate, for the first time on a national scale, the
age at diagnosis of CH in Algeria. It also seeks to characterize the clinical and biological
features at presentation, identify etiological patterns, assess the adequacy of treatment, and
investigate the neurodevelopmental consequences of delayed diagnosis. Our ultimate goal
is to provide evidence to support the implementation of a universal NBS program and to
raise awareness among healthcare professionals and decision makers about the importance
of the early detection of CH.

2. Methods

This was a multicenter observational cohort study.

2.1. Objectives

The primary outcome was to determine the age at diagnosis of patients with CH in
Algeria, where newborn screening is not established.

The secondary outcomes were to determine the clinical and biological characteristics
at presentation, the etiology of CH, and the neurodevelopmental outcome, as well as to
explore the correlation between neurodevelopmental outcomes and age at diagnosis.

2.2. Study Design and Population

We retrospectively reviewed the medical records of 432 children followed for CH
diagnosed between February 2005 and September 2023 across twenty pediatric departments
in Algeria. Neurodevelopmental assessments were conducted prospectively in a subset of
patients as part of standardized follow-up evaluations.

The study population included all children with CH aged 0 and 18 years who attended
an outpatient clinic from January 2017 to December 2023.

The exclusion criteria were central hypothyroidism, Down syndrome, patients who
were not treated, and those who experienced early discontinuation of treatment or were
lost to follow-up.

2.3. Data Collection

The following data were collected for analysis: reason for referral, clinical characteris-
tics at diagnosis, auxological data, serum TSH and fT4, radiological evaluation (knee X-rays),
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etiology based on imaging, and dose of L-T4 treatment. TSH values above 100 mU/L (not
reported precisely) were included in the analysis by assigning them a value of 100 mU/L.
Treatment under the recommended dose was considered inadequate [4,5].

2.4. Definitions

Primary hypothyroidism was defined by elevated serum TSH (age-adjusted, minimal
TSH > 8 mU/L) and/or a low fT4 (<10 pmol/L). Due to insufficient follow-up data,
subclinical hypothyroidism could not be reliably identified or analyzed.

Two etiological groups of CH were defined based on the results of thyroid ultrasound
(US) and/or pertechnetate scintigraphy: thyroid dysgenesis (TD), including (athyreosis,
ectopic gland, and orthotopic hypoplasia) and gland in situ (GIS) of a normal or increased
size (including all patients with normal scintigraphy/US and patients with a goiter detected
clinically). Cases with GIS were considered suggestive of dyshormonogenesis (DH).

The initial L-T4 dose was considered insufficient when it was below 9 μg/kg/day in
the first 3 months, and below 6 μg/kg/day after 3 months.

2.5. Neurodevelopmental Assessment

The neurodevelopmental status of the children was determined using several mea-
sures, including psychomotor delay (defined as a delay in attaining developmental mile-
stones) and school progression (absence of schooling, grade repetition, or poor school
performance) for the school-aged children (defined as 6–18 years). In addition, IQ was
measured in some patients using the Arabic version of the Wechsler Intelligence Scale for
Children—IV for children aged 6 to 16 years; children under 6 years of age were assessed
using age-appropriate standardized tools such as the Wechsler Preschool and Primary
Scale of Intelligence (WPPSI-III), the Columbia Mental Maturity Scale, and the Kohs Block
Design Test [6,7]. Scores of IQ < 70 are considered to indicate intellectual disability, and
≥85 are considered normal intelligence. We analyzed and compared the characteristics
between low IQ (<85) and normal IQ (≥85) groups.

2.6. Reassessment

In some children who did not undergo scintigraphy before treatment, treatment was
stopped after 3 years, and serum TSH and fT4 were reassessed. CH was then classified
as either transient if TSH did not rise after treatment withdrawal, and as permanent
otherwise [8].

2.7. Ethics

An ethics statement is not applicable because this study is based exclusively on a
clinical audit.

2.8. Statistical Analysis

The data were expressed as mean ± SD or median (range) as appropriate. For compar-
isons between two groups, independent-samples t-tests, Mann–Whitney or Chi-square (χ2)
tests were used. For more than two groups, one-way analysis of variance (ANOVA) was
used. Correlational analyses were performed using Pearson’s correlation coefficients. To
identify risk factors for low IQ and psychomotor delay, multivariate analyses such as linear
regression, logistic regression, and multiple regression models were applied. Receiver Op-
erating Characteristic (ROC) analysis was used to evaluate the performance of a diagnostic
test. Epi Info 7, Excel, and Medcalc were used to collect and analyze the data.

5
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3. Results

Of 432 CH patients, 288 (66.6%) were included in the study, with 144 excluded for
reasons such as missing data, central hypothyroidism, Down syndrome, or lack of data on
treatment/follow-up. Figure 1 provides a visual representation of the patient selection and
exclusion process, leading to the final group of 288 patients whose clinical characteristics
were analyzed in the study.

Figure 1. Flowchart of the study.

3.1. Characteristics of the CH Population

Age at diagnosis: The median age at diagnosis was 1.6 (0.05–150) months, but the
median age at the initiation of treatment was 2 months, ranging between <1 and 156 months.
Less than half of the patients (35%) were diagnosed before 1 month, while more than 37%
of the patients were diagnosed after three months, and 18% after 1 year of age (Figure 2).
The oldest CH case was diagnosed at 150 months, presenting with short stature and
developmental delay.
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Figure 2. Age at diagnosis in months.

Sex ratio: There were 159 females (55%) and 129 males (45%), leading to a female-to-
male ratio of 1.23.

Consanguinity and family history: Consanguinity was reported in 75 patients (26%), a
family history of thyroid dysfunction was noted in 105 patients (36%), and CH was reported
in 27 (9%) siblings from 12 families. Moreover, an extrathyroidal congenital abnormality
was present in 44 patients, with cardiac defects being the most common (8%) (Table 1).

Table 1. Family history, etiological groups, and comorbidities.

Family History

Consanguinity n, (%) 75 (26%)
Family history of CH in a
sibling n, (%) 27 (9%)

Etiology

Dysgenesis n, (%) 109 (38%)
Athyreosis n, (%) 52 (18%)
Ectopy n, (%) 17 (6%)
Hypoplasia n, (%) 40 (14%)

Gland in situ n, (%) 150 (52%)
Goiter n, (%) 25 (9%)

Undetermined n, (%) 29 (10%)

Associated abnormalities n, (%) 44 (15%)

Heart defects n, (%) 23 (8%)
Renal defects n, (%) 9 (3%)

Birth characteristics: The average gestational age was 38 weeks, and prematurity was
noted in 27 patients (9%), while 11% of the patients were born SGA. The mean birth weight,
length, and head circumference were 3.2 kg, 49.6 cm, and 34.4 cm, respectively (Table S1).

Cause of referral and signs at presentation (Figure 3): The most common symptom leading
to the suspicion of CH and referral was jaundice for more than 10 days (36.5%), whereas
it was clinically observed at diagnosis in 58% (Figure S1). Other symptoms included
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constipation, psychomotor delay, short stature, hypotonia, and goiter. Only 13% had a
targeted screening with serum TSH during the neonatal period because of a family history
of hypothyroidism (sibling with CH or mother with hypothyroidism).

Figure 3. Cause of referral. * No CH-associated clinical signs or not reported.

Forty-two (15%) patients had short stature (Height < −2 SD) at diagnosis, and sev-
enteen (6%) had a BMI > +2 SD. The reason for referral had a significant impact on the
age at diagnosis: jaundice and constipation were common before 3 months, while psy-
chomotor delay and short stature were reported in patients diagnosed after 12 months
(Table S2). Those who presented with prolonged jaundice at a median age of one month
(range: 0.05–34) or were screened at a median age of 0.3 months (range: 0.07–12) had the
youngest age at diagnosis, whereas those who presented with short stature had the oldest
age at diagnosis (median 39 months (range: 2.33–150) (Figure 4).

Figure 4. Age at diagnosis in months according to the cause of referral. NS: No significant difference.
Boxplot: middle line = median, box = interquartile range, whiskers = range.

8
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Biological data (Table 2): The diagnosis of hypothyroidism was confirmed through the
measurement of serum TSH and fT4 prior to treatment in all patients. The median TSH
value before treatment was 65.35 mU/L. Mean ± SD fT4 levels were 7.6 ± 6.2 pmol/L (range
0.01–20). A total of 43% were found to have extremely high TSH levels (>100 mU/L), 56%
had low fT4 levels (<10 pmol/L), and 34% had fT4 levels <5 pmol/L, indicating severe CH.

Table 2. Biology of CH patients at diagnosis.

Biological Data

TSH mU/L * Median (range) 65.35 (8.12–>100)

fT4 pmol/L Mean ± SDS (range) 7.6 ± 6.2 (0.01–27)

TSH >100 mU/L n, % 125 (43.4%)

TSH 40–100 mU/L n, % 54 (18.7%)

TSH 20–40 mU/L n, % 32 (11.1%)

TSH < 20 mU/L n, % 77 (26.7%)

fT4 < 5 pmol/L n, % 102 (35.4%)
* TSH values >100 mU/L were recorded at 100 mU/L.

3.2. Imaging Exams and Aetiological Groups

Knee radiography was performed in 97 patients (34%): no ossification center was
shown in 34 full-term infants, indicating a prenatal onset of hypothyroidism. Thyroid US
was performed in 251 patients (87%), and pertechnetate scintigraphy in 137 (48%). The GIS
group was the largest etiological group (150 cases, 52%), with goiters accounting for only
9% of the cases, while thyroid dysgenesis was found in 109 cases (38%). In 29 (10%) cases,
the etiological group could not be defined because of the lack of an imaging study. The
dysgenesis group showed significantly more severe forms, while consanguinity and female
sex were more frequent in the GIS group (Table 3).

Table 3. A comparison of the clinical and biological data according to the etiological group.

Global CH Cohort
N = 288

GIS/Goiter
N = 150

Ectopy/Hypoplasia
N = 57

Athyreosis
N = 52

Undetermined
N = 29

p-Value

Age at diagnosis (months) 2 1.5 4 2 0.86
0.001 *Median (range) (0.1–375) (0.05–51) (0.07–155) (0.06–150) (0.13–32)

M/F 129/159 80/69 24/33 10/42 15/15
0.0003Sex ratio 0.81 1.2 0.7 0.24 1

Consanguinity% (N) 26% (75) 31% (47) 23% (13) 13.5% (7) 27% (8) 0.078

TSH mU/L 65.3 50 96.3 100 47.5
0.034 *Median (range) (8.1–>100) (8.1–>100) (10.1–>100) (17.9–>100) (10–>100)

TSH > 100 mU/L% (N) 43% (125) 35% (53) 39% (22) 73% (38) 41% (12) <0.0001

fT4 (pmol/L) 7.6 ± 6.4 8.8 ± 6.1 7.2 ± 5.5 2.6 ± 2.7 8.8 ± 2.3
0.003Mean ± SD (range) (0.01–25.4) (0.01–25.7) (0.02–27) (0.01–10.6) (0–25.4)

fT4 < 5 pmol/L %, (N) 35% (102) 26% (39) 37% (21) 60% (31) 38% (11) 0.0002

* Comparison between in situ gland (GIS)/dysgenesis (all data).

3.3. Treatment

Levothyroxine (L-T4) treatment was initiated at a median age of 2 months, with a
range between 0.06 (2 days) and 150 months. Only 82 (28%) of the patients were started
on L-T4 before 30 days of age. Among the 288 patients included, 228 (79%) began L-T4
treatment within 15 days following the biological diagnosis of hypothyroidism, while 42
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(15%) patients began treatment more than one month after diagnosis. The mean starting
dose of L-T4 was 6.9 ± 4.1 (range 0.6–25.6 μg/kg/day). Patients aged less than 1 month at
diagnosis received a higher dose (7.8 ± 3.7 μg/kg/day) (Table S3). One hundred forty-nine
(52%) received an insufficient initial L-T4 dose, with 51% receiving less than 9 μg/kg/day
in the first 3 months and 53% receiving less than 6 μg/kg/day after 3 months (Figure 5).
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Figure 5. Age at LT-4 treatment at initiation.

3.4. Outcomes
3.4.1. Transient vs. Permanent CH

Forty-seven patients (16%) underwent biological reassessment after stopping treat-
ment, of which twenty-four (51%) had normal thyroid function, indicating transient hy-
pothyroidism (Table 4).

Table 4. A comparison of clinical and biological data between permanent and transient CH in
47 patients who underwent a clinical reassessment at age 3.

Transient CH N = 24 Permanent CH N = 23 p

Sex ratio M/F 12/12 8/15 0.297

Age at diagnosis in months—median (range) 4.3 (0.16–46) 2.4 (0.1–12) 0.440

TSH mU/L—median (range) 15.98 (4.3–>100) 100 (7.6–>100) 0.002

TSH > 100 mU/L, n, (%) 3 (12.5%) 11 (48%) 0.009

TSH < 10 mU/L, n, (%) 4 (17%) 0 (0%) 0.037

fT4 pmol/L—mean (range) 13.4 (0.1–17.2) 7.5 (0.1–18.1) 0.003

fT4 < 10 pmol/L n, (%) 5 (21%) 14 (61%) 0.011

Gland in situ n, (%) 23 (96%) 10 (43%)
0.001

Dysgenesis n, (%) 1 (5%) 13 (57%)
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In patients with transient CH, initial TSH levels were significantly lower and fT4 was
significantly higher at diagnosis than in those with permanent CH. The transient CH cases
were more frequent in the GIS group (Table 4).

3.4.2. Neurodevelopmental Assessment (Table 5)

A total of 16 patients (6%) were reported to have a language delay, 5 (2%) had hearing
loss, while 43 (15%) were described as having a psychomotor delay.

School progression data were available for 88 of 206 school-aged children (43%):
27 (31%) had repeated a grade or had left regular school.

A high rate of delayed treatment beyond the first month of life was observed among
patients with neurodevelopmental impairments. This was particularly pronounced in
extreme cases, including psychomotor delay (97.7%), language delay (87.5%), school failure
(77.8%), and IQ below 85 (>85%).

Among children diagnosed at age 12 months or older, 6/52 (11.5%) were found to
have a severe developmental delay. The ROC plot analysis showed that the threshold line
for an age of 1.94 months is associated with psychomotor delay with a sensitivity of 87.2%,
a specificity of 66.7%, and an AUC of 0.815, p < 0.001 (Figure 6). Among the one hundred
and fifty (151) children older than 1.94 months at diagnosis, sixty (40%) were labeled
with psychomotor delay, nine (6%) of whom had severe CH. Using multiple regression,
children with CH diagnosed after 2 months of age had an OR of 7.77 [2.88–20.67] of having
psychological delay, while this OR was 0.29 [0.07–1.18] in those diagnosed before 1 month
of age (Table S4).

Figure 6. ROC comparison of risk factors for intellectual disability. ROC: Receiver Operating
Characteristic (ROC); LT4: Levothyroxine.
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Table 5. Neurodevelopmental data.

Neurodevelopmental
Data

N, (%)
Age at Evaluation

Mean ± SD
Age Treatment

Median

Treatment n, %

≤1 Month ≥3 Months

Psychomotor delay 43 (15%) 23.3 ± 25.1 months 13.9 months 1/43 (2%) 36/43 (84%)

Language delay 16 (6%) 18.4 ± 18.1 months 3.6 months 2/16 (12.5%) 9/16 (56%)

School-aged children 88/206 (43%) 11.6 ± 3.4 years 3 months 20/88 (23%) 47/88 (53%)

School failure 27/88 (31%) 10.8 ± 3.9 years 4 months 6/27 (22%) 16/27 (59%)

IQ assessment N = 47

Normal IQ ≥ 85 29 (62%) 5.1 ± 1.7 years 1.1 months 13/29 (45%) 9/29 (31%)

Low IQ < 85 13 (28%) 5.2 ± 1.8 years 3 months 2/13 (15%) 8/13 (61.5%)

Very low IQ < 70 5 (11%) 4.8 ± 2.5 years 29 months 0/5 (0%) 4/5 (80%)

Cognitive disharmony 7 (15%) 5.6 ± 1.3 years 2 months 2/7 (28.6%) 3/7 (43%)

3.4.3. IQ Evaluation

Out of 47 (16%) patients with an IQ evaluation (Table 5), only 62% had a normal value,
while 11% had an IQ < 70, the WHO definition of intellectual disability (Figure 7). The me-
dian age at IQ assessment was 5 years (range: 2.9–9). The mean IQ was 86.1 ± 15.2 (50–112).
This result was significantly lower than the theoretical mean IQ of 100 in the general popu-
lation (p < 0.0001) (Figure 7). Among the children who underwent IQ testing, only three
were later classified as having transient congenital hypothyroidism, and all were within
the normal range (93, 100, and 109). Thirty-seven of the forty-seven IQ assessments (79%)
were performed at the same center with standardized methods, minimizing inter-center
variability and improving data consistency.

Figure 7. The results of the IQ assessment in 47 patients. * Comparison with the theoretical mean.

Children with IQ < 85 (n = 18) did not differ from those with IQ ≥ 85 (n = 29) in terms
of gender, age at IQ test, and etiology (Table 6).
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Table 6. Comparison of IQ groups.

Global IQ < 85 IQ ≥ 85 p
N = 47 N = 18 N = 29

Sex M/F 15/32 5/13 10/19 0.63

Age IQ test years—mean (range) 5.3 ± 1.8
(2.5–9.3) 5.5 ± 2.1 (3–9.3) 5.2 ± 1.7 (2.5–8) 0.68

Age at treatment in months—median (range) 2 (0.1–69) 3.75 (0.2–69) 1.1(0.1–42.7) 0.01

Age start L-T4
≤1 month (n,%) 16 (25.5%) 3 (17%) 13 (45%)

0.05
>1 month (n, %) 31 (74.5%) 15 (83%) 16 (55%)

Etiology
Dysgenesis 25 (53%) 13 (72%) 12 (41%)

0.05
Gland in situ 21 (45%) 5 (28%) 16 (55%)

L-T4 Dose μg/kg/day <9 μg/kg/day 27 (54%) 12 (67%) 15 (52%) 0.26

At the start of treatment, children with IQ < 85 were significantly older (me-
dian 3.75 months, range: 0.2–69) than children with IQ ≥ 85 (median 1.1 months,
range: 0.1–42.7). The IQ ≥ 85 group had started treatment before one month (45%), and
with a dose higher than 9 μg/kg/day than those with IQ < 85 (38% vs. 22%). Seven (15%)
patients with a normal IQ have a cognitive disharmony (Table 6).

Our analysis shows a significant negative correlation between IQ and age at diagnosis
(r = −0.48, p = 0.001) (Figure 8).

Figure 8. Correlation between age at diagnosis and IQ. Blue: 95% confidence interval; brown shading:
95% prediction interval.

Logistic regression indicates that dysgenesis significantly increases the risk of low IQ
(OR = 5.55 [1.1–25.7]). A second IQ test on 11 CH patients at a median age of 8 years (range:
4.5–10) showed improvement to an IQ ≥ 85 in five cases (45.5%).
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4. Discussion

In the absence of a standard biochemical NBS program, the diagnosis of CH relies
on a systematic and rigorous clinical examination of newborns at birth and during the
first weeks of life. Despite this, not all patients are diagnosed in time to avoid intellectual
disability. Even though the inclusion period spans more than 15 years, most pediatric
endocrinology centers participating in this study have existed for less than 10 years; so,
despite an estimated 10-year recruitment period, the recruitment concerned only some
hospital-based pediatric clinics, and therefore does not allow for an estimation of the
population prevalence of CH. However, published studies indicate that the incidence of
CH ranges from 1 in 7000 to 1 in 10,000 births in populations without screening, while this
rate increases to between 1 in 1100 and 1 in 3000 births when screening is implemented,
depending on the TSH threshold used [9–12].

Clinical Diagnostic Challenges: The difficulty in early clinical diagnosis stems from
frequently subtle or absent symptoms at birth [9,13]. In our study, jaundice emerged as the
primary diagnostic clue, with a median age at presentation of 1.66 months. This aligns with
established knowledge that CH often manifests as prolonged neonatal jaundice [2,13,14]
accompanied by other characteristic symptoms such as constipation, macroglossia, delayed
fontanel closure, umbilical hernia, and coarse facial features [14–16]. The clinical diagnosis
remains particularly challenging, as most affected infants exhibit highly nonspecific symp-
toms, with only about 5% of CH cases presenting sufficiently distinctive signs within the
first few days of life to allow for a prompt diagnosis [17]. Furthermore, it is concerning that
approximately 5–10% of newborns with CH are not detected by primary screening pro-
grams, irrespective of whether the screening targets thyroxine (T4) or thyroid-stimulating
hormone (TSH) [18].

Delayed diagnosis of CH remains alarmingly common in many parts of the world,
when NBS programs are inadequate or absent, showing persistent gaps in early detec-
tion [19]. In regions lacking widespread NBS, the median age at diagnosis is significantly
delayed, often exceeding 45 days, which contributes to poorer developmental outcomes
(Table 7) [3,15,16,20–29]. Aligning with global data, our results demonstrate a concern-
ing delay in CH diagnosis, with a mean age at diagnosis of 2 months, and 65% of cases
identified beyond the neonatal period (>1 month).

Table 7. Original studies about age at diagnosis in unscreened CH patients.

Reference
(Original Study)

Country
Period

Diagnosed in
Neonatal Period

Late Diagnosis Rates
Neurodevelopmental

Outcome

Raiti 1971 [15] UK – 6% < 1st month
22% < 3 months

16% < 6 months
55% by 2 years

IQ < 90 (50%)
53% treatment > 6 months

De Jonge 1976 [20] Netherlands 1972–1974 10% <1 month 50% at 3 months 34% IQ > 90, 17% IQ < 50

Alm 1978 [3,16] Sweden 1969–1975 20% 52% after 3 months 41% IQ < 85 and/or
neurological abnormalities

Wolter 1979 [21] Belgium – 7% < 1st month
46% < 3 months 21% > 1 year IQ < 80 (23%); Normal IQ

if treated <3 months

Jacobsen 1981 [22] Denmark 1970–1975 10% 1st month 70% by 1 year 46% intellectual disability

Tarim 1992 [23] Turkey 1964–1989 3.1% 55.4% after 2 years 21.4% inability to speak
18.1% inability to walk

Nasheiti 2005 [24] Iraq 1993–2003 25% 75% beyond neonatal
period

47.5% intellectual
disability
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Table 7. Cont.

Reference
(Original Study)

Country
Period

Diagnosed in
Neonatal Period

Late Diagnosis Rates
Neurodevelopmental

Outcome

Chen 2013 [25] South
Asian
countries

1997–2008 Taiwan 56%
<3 months

22% > 1 years
Pakistan, India 70% >1
year

Diagnosis >3 months,
higher risk of
developmental delay
(HR = 1.97)

Niang 2016 [26] Senegal 2001–2014 7% 78.5% >6 months 73% intellectual disability
2.5% at school

Deliana 2016 [27] Indonesia 1992–2002 Minimal 53% at 1–5 years
6.7% after 12 years

62.5% intellectual
disability

Saoud 2019 [28] Syria 2008–2012 >25% 1st month 75% beyond neonatal
period

37.1% psychomotor delay
81% diagnosis >6 months

Kahssay 2025 [29] Kenya * 2015–2020 5% < 1st month 80% 6–11 months
15% > 1–2 years 60% developmental delay

Our study Algeria 2005–2023 35% < 1st month 65% ≥1 month 28% IQ < 85, 11% IQ < 70

* Facility-based study, HR: Hazard ratio.

4.1. The Consequences of Delayed Diagnosis and Treatment

The effects of delayed diagnosis and treatment of CH are often severe and irreversible,
significantly impacting both development and quality of life [15]. Early studies indicate
that delaying treatment beyond three months of age, and even more beyond the age of six
months, causes irreversible intellectual disability with a higher risk of lower IQ scores and
neuropsychological deficits, collectively referred to as cretinism [18,30–32]. Late initiation
of L-T4 therapy has been shown to negatively affect cognitive functioning and overall
well-being [33]. Research by Leger et al. provides strong evidence that, during early
adolescence, there is a clear link between disease severity at the time of diagnosis, the
adequacy of treatment during follow-up, and poor school performance among individuals
treated for CH from the neonatal stage [34,35]. Several factors have been identified as
predictors of worse intellectual outcomes in children with CH, including initial serum
T4 levels at diagnosis, the timing of treatment initiation, prolonged time to normalize
thyroid hormone levels, maternal education, socioeconomic status, and the frequency of
clinic visits during the first year of life [5,31,32,36,37]. Cognitive problems may persist
despite treatment, including difficulties with visual–spatial abilities, language development,
fine motor skills, memory, and attention [38]. Beyond the cognitive domain, untreated
cases often exhibit severe growth impairments, including stunted growth and delayed
bone maturation [39]. Neurological complications such as spasticity, gait abnormalities,
dysarthria, mutism, and behavioral disorders may also develop in affected individuals
when treatment is delayed [33].

4.2. Etiological Diagnosis and Genetic Factors in Congenital Hypothyroidism

CH is predominantly accounted for by two main etiological categories: thyroid dysge-
nesis (TD) and dyshormonogenesis (DH). TD represents approximately 80–85% of CH cases
and includes conditions such as ectopy, athyreosis, and orthopic hypoplasia, which are
rarely linked to mutations in transcription factor genes like TSHR, PAX8, and NKX2-1 [8,40].
Less commonly, DH results from defects in thyroid hormone synthesis, predominantly
associated with mutations in the DUOX2, TPO, and TG genes [41–43].
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Our study found a high proportion of GIS cases (43%), indicating a possible increased
prevalence of CH due to DH. As goiter was not consistently present, in the absence of
perchlorate testing and genetic analysis, a definitive diagnosis of DH could not be made.

Populations in which consanguineous marriages are common have reported a rising
incidence of CH and DH [44]. Such marriages significantly increase the likelihood of
inheriting recessively transmitted genetic mutations, contributing to a higher rate of CH
related to mutations in genes like DUOX2 or TPO compared to populations with lower
rates of consanguinity [45]. Arab countries with high consanguinity rates also show a
relatively high prevalence of CH based on newborn screening programs. For example, CH
incidence ranges from 1/1778 in the UAE to 1/2939 in Saudi Arabia [13,28,46]. Further-
more, consanguinity is associated with an increased incidence of congenital abnormalities,
including umbilical hernia, congenital heart disease, genitourinary malformations, and cleft
palate [8,39,47–49]. However, these malformations are not typically linked to autosomal
recessive mutations commonly associated with consanguinity, such as DUOX2 and TPO
genes, which are typically linked to isolated thyroid dysfunction. In contrast, autosomal
dominant mutations in genes like PAX8, NKX2-1, and NKX2-5 are more often associated
with syndromic forms or extrathyroidal anomalies [50].

In Algeria, consanguinity is reported in nearly 30% of marriages [51], which may
explain the high proportion of gland-in situ cases and of congenital abnormalities.

4.3. Permanent and Transient Forms of CH

The re-evaluation at three years of age revealed that 51% of children with CH tested
displayed normal thyroid function, suggesting a substantial number of cases had transient
CH. This implies that the global prevalence of CH could include patients with temporary
forms of the condition. Previous studies have indeed reported that up to 60% of children on
L-T4 replacement therapy experienced transient hypothyroidism leading to the discontinu-
ation of L-T4 treatment [52,53]. Approximately 17% to 40% of children diagnosed with CH
by NBS programs were later found to have transient hypothyroidism [54]. Several factors
may contribute to this finding, including variations in assay threshold, maternal TSH
receptor-blocking antibodies, maternal antithyroid drugs, genetic defects such as DUOX2
mutations, and potential iodine imbalance in the population. However, the underlying
mechanism often remains unknown [54,55]. Permanent CH is likely in the presence of TD
and of an initial TSH > 100 mU/L [56]. In the absence of these, the need for continuation of
L-T4 replacement therapy should always be reassessed in children being treated for CH at
three years of age [8,57].

4.4. Treatment of CH

When CH is diagnosed late, the primary focus is on prompt initiation of treatment
and addressing existing complications [58]. The standard treatment for CH involves
L-T4 replacement therapy, typically initiated at a dose of 10–15 mcg/kg/day [57,59,60].
However, findings from our study indicate that 52% of patients received an inadequate
initial L-T4 dose and 15% initiated treatment more than one month after diagnosis. This
high proportion of delays and suboptimal initial L-T4 dosing likely reflects a combination of
factors, including variability in physician practice, hesitancy to initiate higher doses in very
young infants, late referrals, limited access to care, and, in some cases, limited adherence
to evolving guidelines at the time of diagnosis. It is clear that the treatment with very
low doses may delay thyroid hormone normalization and increase the risk of associated
complications [59]. The aim of the treatment is to normalize thyroid function and maintain
fT4 levels in the upper half of the age-specific reference range during the first three years
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of life [61]. Even when the diagnosis of CH is delayed, immediate treatment initiation is
critical to prevent further deterioration and potentially improve existing symptoms. Some
recent studies suggest that an individualized dosing based on the etiology and severity of
CH can optimize outcome [62], with children with thyroid dysgenesis generally requiring
higher L-T4 doses than children with DH [4,19].

Regular thyroid function testing (TSH and fT4) is essential to ensure treatment ade-
quacy and to prevent complications from overtreatment or undertreatment. Overtreatment
can lead to adverse effects, including hyperthyroidism, while undertreatment may result
in persistent hypothyroidism and increase the likelihood of developmental delay [4,63].

4.5. Neurodevelopmental Data

IQ Findings: The limited number of IQ assessments, 47(16%), was primarily due to the
lack of availability of standardized cognitive testing in the majority of participating centers,
rather than selective clinical indication. This shows the difficulties in measuring cognitive
outcomes in the larger CH population and is a potential selection bias. This highlights the
need for more research on how early diagnosis and treatment affect cognitive development.
Our study found that children with CH had a mean IQ of 87.1 ± 15.2, which is lower
than the general population norm (100 ± 15). Additionally, IQs below 70 (11%) were
significantly more common among CH patients compared to the general population [9]. In
contrast, some follow-up studies suggest that the global IQ in CH children treated early
thanks to NBS does not differ from that of controls [64–66].

4.5.1. Educational Outcomes and Cognitive Impairments

In school-aged children, 31% repeated a grade or failed school, indicating notable
academic challenges. However, children who received early treatment generally performed
within the normal range. Nevertheless, generalized learning difficulties were still found in
20% of CH children [67]. Other studies report mild cognitive impairments, including lower
mean IQ scores and subtle deficits in attention, memory, fine motor skills, and quality of
life [68–73].

A higher initial dose of levothyroxine combined with very early treatment initiation
may lead to better cognitive outcomes [74]. A few patients with severe CH may still have
subtle cognitive and motor deficits, and lower educational attainment despite early treat-
ment with a high initial L-T4 dose [70,74–76]. Moreover, the long-term neurodevelopmental
outcomes in patients with CH appear to be associated with the severity of hypothyroidism
and the subsequent rapid normalization of TSH [8]. In our study, euthyroidism was
achieved in all patients at the time of neurocognitive assessment, and mean scores of both
developmental quotient and intelligence quotient were lower than the general population,
with differences in primary school performance. Even in CH patients screened at birth, mild
non-verbal learning disabilities, and less than satisfactory scores for educational attainment,
behavior, and motor skills were reported in children with severe CH [76]. However, the
finding of CH patients with subnormal IQ suggests that neurodevelopmental rescue should
not be taken for granted even in the era of neonatal screening [64,77]. Children diagnosed
and treated after 3 months of age are at high risk of permanent cognitive impairment [18,33].
In our study, a diagnosis after 2 months appears to represent the critical threshold in our
ROC analysis, with an OR of 7.3 for developing an intellectual disability. In an Indonesian
study, 72% of patients with CH (median age 9 years) had a full-scale IQ score <70 (classified
as intellectual disability), with late initiation of treatment specifically correlating with
reduced performance IQ [33]. Severe cases (TSH >30 mU/L) are 5–14 times more likely to
exhibit developmental delay in cognition and language [78,79]. Despite these challenges,
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some follow-up studies demonstrate a positive trajectory in cognitive functioning among
many patients with CH, particularly those diagnosed and treated early. In our study, five
patients showed improvement in their IQ scores over time. This highlights the importance
of early intervention and of consistent follow-up to maximize developmental outcomes [1].

4.5.2. Preventing Delayed Diagnosis and Reducing Cognitive Risks in
Congenital Hypothyroidism

Preventing delayed diagnosis and reducing cognitive risks related to CH requires a
comprehensive approach involving healthcare systems, provider education, and public
awareness [61]. An important advancement in preventive medicine has been the im-
plementation of NBS for CH, which has significantly changed the natural history of this
condition [33,80,81]. NBS has been crucial in lowering the incidence of intellectual disability
associated with untreated CH [38,82]. Based on available data, it is estimated that approx-
imately 25% of children born with clinically diagnosed CH may have experienced overt
disability before the adoption of NBS [12,83]. Early detection through NBS is associated
with better neurocognitive outcomes in CH [19,61,83].

4.5.3. Challenges in Timely Screening Implementation

Despite its success, NBS programs face some challenges, including early hospital
discharges, which can complicate the timing for blood sample collection. In resource-
limited settings, efforts should focus on targeted screening approaches for high-risk infants
or the development of more affordable screening methods [10]. Additionally, international
organizations can assist in establishing and supporting NBS programs in underserved
regions, thereby improving early identification and treatment rates globally [84].

4.5.4. Education and Public Awareness Initiatives
Healthcare Provider Education

Ongoing education for healthcare providers is essential to enhance their ability to
recognize, diagnose, and manage CH early in the absence of a national NBS program. This
is particularly relevant for primary-care providers, who are often the first to encounter
subtle signs of CH in infants who were not screened at birth. Regular training programs
should focus on identifying subclinical presentations, interpreting screening results, and
understanding updated treatment protocols.

Public Awareness Campaigns

Educational campaigns targeting parents and caregivers are also vital. These efforts
should emphasize the importance of NBS and raise awareness about the signs of thy-
roid dysfunction in infants and children, such as delayed growth, feeding difficulties,
or developmental delay. Reaching underserved communities—where healthcare access
is often limited—requires tailored communication strategies to ensure equitable access
to information.

5. Limitations

The study has several limitations. First, its retrospective design introduces potential bi-
ases, including incomplete data and reliance on clinical records. Second, the non-exhaustive
recruitment of patients may limit the generalizability of the findings. Third, the small num-
ber of IQ evaluations (n = 47) restricts the ability to draw definitive conclusions about
neurodevelopmental outcomes. Future prospective studies with larger sample sizes and
standardized neurodevelopmental assessments are needed to address these limitations.
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6. Conclusions

This study highlights the critical challenges in managing CH in Algeria, including
delayed diagnosis, suboptimal treatment practices, and the impact of consanguinity on
disease etiology. The findings underscore the urgent need for universal NBS to facilitate
early diagnosis and treatment, as well as adherence to international guidelines for L-T4

dosing. Public health interventions to reduce consanguinity and improve access to genetic
counseling should also be prioritized. Preventing delayed diagnosis of CH and minimiz-
ing its cognitive impact depend on a robust infrastructure for NBS, adequate provider
training, and community education initiatives. While NBS has significantly reduced the
burden of intellectual disability associated with CH, challenges remain, particularly in
resource-limited regions. Finally, further research is needed to evaluate the impact of these
interventions on neurodevelopmental outcomes in Algerian children with CH.
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Abstract

Congenital hypothyroidism (CH) is one of the major preventable causes of intellectual
disability. This study evaluates the incidence of CH through a newborn screening (NBS)
program in eastern Morocco. A descriptive cross-sectional design was used and heel prick
blood samples were collected on blotting paper to measure Thyroid-Stimulating Hormone
(TSH) using an immunofluorimetric assay. 4062 newborns were screened (51.3% male,
48.7% female). TSH levels significantly varied by age: newborns sampled before 24 h had a
higher median TSH (3.7 μU/mL [0.10–28.90]) compared to those sampled at 24 h or more
(2.1 μU/mL [0.10–32.30]; p < 0.001). Using age-specific cut-off values, 18 suspected CH cases
were recalled (recall rate: 0.44%). Among the 16 cases who completed confirmatory testing,
4 had transient hyperthyrotropinemia (HTT), characterized by mildly abnormal serum
TSH and T4 levels that normalized spontaneously after few months without treatment.
Three cases were diagnosed with CH confirmed at birth with markedly elevated serum
TSH concentrations and significantly reduced T4 levels. Consequently, the birth prevalence
of CH confirmed at birth was 1:1354 live births. The median preanalytical delay was 6 days
(IQR: 3–12) and the TSH result turnaround was 8 days (IQR: 5–15), potentially affecting
timely intervention. This first report from eastern Morocco confirms the relevance of
neonatal screening but highlights delays that must be addressed to enhance early diagnosis
and management.

Keywords: congenital hypothyroidism; newborn screening; eastern Morocco

1. Introduction

Congenital hypothyroidism (CH) is a thyroid hormone deficiency presenting at birth,
and it is the most common preventable cause of intellectual disability [1]. Thyroid hor-
mones regulate the function of most organ systems and play a crucial role in children’s
normal growth and neurodevelopment. Indeed, CH can cause cardiological, neurological,
gastrointestinal, and metabolic dysfunctions if not diagnosed and treated. CH may be of
thyroidal (primary CH) or central origin (secondary and tertiary hypothyroidism). Primary
CH can be caused by thyroid dysgenesis or thyroid dyshormonogenesis [2]. Recent studies
have shown that, with the increasing incidence of primary CH, the prevalence of thyroid
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dysgenesis and thyroid function defects has changed with around 60% thyroid dysgenesis
and 40% functional defects [3].

Most newborns with CH have no clinical signs, and late diagnosis leads to the
most severe outcomes, particularly irreversible intellectual disability. Therefore, new-
born Thyroid-Stimulating Hormone (TSH) screening is one of the best, most cost-effective
tools for preventing intellectual disability in the population, enabling prompt treatment
with levothyroxine [4]. In developed countries, the introduction of NBS has largely elimi-
nated neurodevelopmental impairment from CH. However, implementing such a program
remains challenging in other countries [5].

For the first time, we carried out a regional NBS study based on measuring TSH in
heel prick blood on blotting papers to assess the birth prevalence of CH in eastern Morocco.

2. Materials and Methods

This is a descriptive cross-sectional study designed to assess the prevalence of CH in
newborns, the TSH turnaround time (TAT) and screening timeframes.

All newborns delivered in eastern Morocco and for whom written parental consent
was obtained were included in this study. Newborns with incomplete data were excluded.

This study was conducted in eight public maternity wards and three neonatal units of
eastern Morocco from March 2024 to December 2024. Newborn heel prick blood samples
were collected on labeled blotting papers (PerkinElmer 226, Waltham, MA, USA), and blood
samples were dried and sent to the collection point of the Medical Analysis Laboratory at
Al Farabi Regional Hospital (ARH) of Oujda for analysis to minimize measurement bias.
Furthermore, all suspected CH cases were recalled by telephone at ARH for a venous TSH
and free T4 (FT4) quantification as a confirmatory test and underwent a clinical examina-
tion by qualified health workers (midwives or physicians) to collect anthropometric data
(weight), clinical data (CH symptoms and also other pathologies observed in newborns),
and demographic data (age at screening and sex) using a questionnaire.

Quantitative determination of the TSH in the dried blood was performed using an
immunofluorimetric method DELFIA Neonatal hTSH kit (PerkinElmer, Waltham, MA,
USA) according to manufacturer’s instructions. Age-related blood TSH cutoffs were ap-
plied to report suspected CH. It is necessary to specify that a cutoff of 20 μU/L blood was
used for newborns whose ages were less than or equal to 24 h. Conversely, a cutoff of
15 μU/mL was used for those aged more than 24 h old. These thresholds are based on the
national recommendations established by the Moroccan Ministry of Health for neonatal CH
screening protocols.

Two distinct situations have been defined based on the results of the confirmatory test.
Newborns with mildly elevated or borderline serum TSH and/or T4 levels during the initial
confirmatory test, which normalized spontaneously without any medical intervention,
were classified as having transient HTT. In contrast, newborns with significantly elevated
TSH levels and clearly low T4 concentrations, consistent with primary hypothyroidism,
were considered as having CH confirmed at birth.

To assess the timeliness of the CH screening program, we collected dates of birth,
sampling, analysis, and result transmission. Dates were collected from medical records to
avoid performance bias. The screening program was divided into two phases: Phase 1, from
heel prick blood sampling to TSH analysis, and Phase 2, from analysis to the transmission
of results. The turnaround time (TAT) was defined as the interval between the sample
collection and the transmission of TSH results. For each newborn we calculated TAT,
Phase 1, and Phase 2 timeframes.
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Statistical Analysis

All data were imported into SPSS software version 25 (IBM Corp., Armonk, NY, USA)
for analysis. Descriptive statistics were used to summarize the characteristics of the new-
born population, including general data (age, sex, sampling sites, and screening locations),
anthropometric and clinical parameters (gestational age, weight, length, symptoms, and
associated conditions), and TSH levels. The Kolmogorov–Smirnov test was applied to
assess the normality of distribution for continuous variables. As most quantitative data,
including TSH values, were not normally distributed, they were expressed as medians
with interquartile ranges [Q1–Q3 or IQR], and comparisons were conducted using non-
parametric tests. The Mann–Whitney U test was used to compare continuous variables
between two independent groups (e.g., TSH levels in newborns sampled before vs. af-
ter 24 h). The Kruskal–Wallis test was used for comparing continuous variables across
more than two groups (e.g., TSH levels by gestational age category). The Chi-square test
Pearson or Fisher’s exact test was used to compare categorical variables, depending on
expected frequency distributions. The results were considered as statistically significant
when p < 0.05.

3. Results

3.1. Characteristics of the Newborn Population

During the study period, 4062 newborns were enrolled for CH screening, with an
almost equal distribution of males and females (sex ratio male to female of 1.05). Over half
(57.9%) of the newborns were less than 24 h old, with a median age [Q1–Q3] at screening of
21 [12–36] hours. In our newborn population, 94.5% were born at full term, 4.4% were born
prematurely, and only 0.2% were born after term. The birth weight was 3400 [3000–3800] g
without any difference between males and females (Table 1).

Most newborns (88.7%) were managed in the maternity center (including both ma-
ternity hospitals and maternity home), and 11.3% were in the neonatal unit. Around two
thirds (69%) of deliveries took place in urban areas, whereas 31% occurred in rural areas.
The screening for CH was carried out in all provinces of eastern Morocco (Table 1).

Table 1. General data of newborns enrolled for CH screening.

Total
(N = 4062)

Male
(N = 2085)

Female
(N = 1977)

p-Value

Age at screening (hours) (N = 3982)
Median [Q1–Q3] 21 [12–36] 22 [12–37] 21 [12–34] 0.011 a

<24, n (%) 2305 (57.9%) 1139 (55.7%) 1166 (60.2%) 0.004 b

≥24, n (%) 1677 (42.1%) 907 (44.3%) 770 (39.8%)

Term pregnancy (weeks) (N = 4023)
<37, n (%) 178 (4.4%) 83 (4.0%) 95 (4.8%) NS b

37 to 41, n (%) 3836 (94.5%) 1975 (95.7%) 1861 (94.9%)
≥41, n (%) 9 (0.2%) 5 (0.2%) 4 (0.2%)

Weight (grams) (N = 3834)
Median [Q1–Q3] 3400 [3000–3800] 3400 [3050–3850] 3400 [3000–3800] NS a

≥2500, n (%) 3590 (93.6%) 1855 (94.5%) 1735 (93.8%) NS b

<2500, n (%) 244 (6.4%) 129 (6.5%) 37 (6.2%)

Sampling sites
Maternity center, n (%) 3603 (88.7%) 1815 (87.1%) 1788 (90.4%) >0.001 b

Neonatal unit, n (%) 459 (11.3%) 270 (12.9%) 189 (9.6%)
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Table 1. Cont.

Total
(N = 4062)

Male
(N = 2085)

Female
(N = 1977)

p-Value

Environment
Urban, n (%) 2784 (69.0%) 1441 (69.3%) 1343 (68.5%) NS b

Rural, n (%) 1255 (31.0%) 637 (30.7%) 618 (31.5%)

Screening locations
Oujda, n (%) 1755 (43.3%) 922 (44.3%) 833 (42.2%) NS b

Nador, n (%) 574 (14.2%) 288 (13.8%) 286 (14.5%)
Jerada, n (%) 438 (10.8%) 227 (10.9%) 211 (10.7%)

Berkane, n (%) 309 (7.62%) 152 (7.30%) 157 (7.96%)
Driouch, n (%) 307 (7.57%) 146 (7.01%) 157 (7.96%)
Guercif, n (%) 268 (6.61%) 147 (7.06%) 121 (6.14%)
Taourirt, n (%) 209 (5.15%) 105 (5.04%) 104 (5.27%)
Figuig, n (%) 195 (4.81%) 96 (4.61%) 99 (5.02%)

a Mann–Whitney U test, b Fisher exact/Pearson test, NS: not significant.

3.2. TSH Variation Among Newborns

The median TSH value for the 4062 newborns was 3.0 [1.8–4.7] μU/mL. A significant
difference was observed between the sexes (p = 0.01): females had a median TSH of 2.9 μU/mL
[1.7–4.5 μU/mL], while males had a slightly higher median of 3.1 μU/mL [1.9–5.0 μU/mL].
The median TSH level was similar in newborns of low birth weight (<2500 g) (3.1 μU/mL
[1.9–4.6]) compared with those weighing ≥ 2500 g (3.0 μU/mL [1.8–4.7]). Regarding the term
of pregnancy, the median TSH value was higher in post-term newborns (3.9 μU/mL [2.6–5.3]),
followed by full-term newborns (3.0 μU/mL [1.8–4.8]) and premature newborns (2.65 μU/mL
[1.5–4.1]). Statistical comparisons were performed for all relevant neonatal variables. No
significant associations were found between TSH levels and gestational age (term vs. preterm)
or birth weight (<2500 g vs. ≥2500 g), and therefore these results were not emphasized in the
main analysis. Interestingly, newborns aged less than 24 h had a median TSH of 3.7 μU/mL
[2.3–5.7], whereas those aged 24 h or more showed a lower median of 2.1 μU/mL [1.3–3.4];
this difference was statistically significant (p < 0.001) (Table 2).

Table 2. TSH variation among newborns.

TSH (μU/mL)
p-Value

Median [Q1–Q3]

Total (N = 4062) 3.0 [1.8–4.7]

Gender
Male 3.1 [1.9–5.0] 0.01 a

Female 2.9 [1.7–4.5]

Age (hours)
<24 h 3.7 [2.3–5.7] <0.001 a

≥24 h 2.1 [1.3–3.4]

Weight (grams)
≥2500 g 3.0 [1.8–4.7] NS a

<2500 g 3.1 [1.9–4.6]

Term of pregnancy (weeks)
<37 2.6 [1.5–4.1] NS b

37 to 41 3.0 [1.8–4.8]
≥41 3.9 [2.6–5.3]

a Mann–Whitney U test, b KRUSKAL Wallis test, TSH: Thyroid-Stimulating Hormone, NS: not significant.
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3.3. CH Screening in Eastern Morocco

By applying the provided age-related cut-offs, 18 newborns screened positive and
were suspected of having CH (recall rate of 0.44%)—12 male and 6 female. Among them,
13 cases were less than 24 h old and 5 cases were aged 24 h or more. Of the 18 cases recalled
at ARH for confirmatory testing, 16 presented for analysis. Among them, 4 newborns
had mildly elevated or borderline TSH and/or T4 values at the initial confirmatory test,
which normalized during follow-up without the need for treatment. These cases were
classified as transient hyperthyrotropinemia (HTT), reflecting a temporary and self-limiting
disturbance in thyroid function (median TSH 8.89 μU/mL [6.26–9.13 μU/mL]; median T4
20.73 pmol/L [19.27–22.31 pmol/L]), which normalized upon subsequent testing during
follow-up without requiring hormone replacement therapy. These cases were classified
as transient HTT. In contrast, confirmatory tests identified 3 cases with a diagnosis of CH
confirmed at birth, who had a very high TSH and low T4 levels (median TSH = 180 μU/mL
[176–196 μU/mL] and median T4 = 3.8 pmol/l [3.78–4.08 pmol/l]). These results showed
that the birth prevalence of CH confirmed at birth was 0.07% (3/4062), or 1 case per 1354 live
births. For the remaining 9 newborns, confirmatory test results were entirely within
normal limits from the outset, indicating false-positive screening results, representing
0.22% (Table 3).

Table 3. Outcomes of the CH screening program in eastern Morocco.

Total
(N = 4062)

Male
(N = 2085)

Female
(N = 1977) p-Value a

n (%) n (%) n (%)

Recall rate 18 (0.44%) 12 (0.58%) 6 (0.30%) NS
Newborns < 24 h 13 (0.32%) 9 (0.43%) 4 (0.20%) NS
Newborns ≥24 h 5 (0.12%) 3 (0.14%) 2 (0.10%) NS

Negative
confirmatory test 9 (0.22%) 6 (0.29%) 3 (0.15%) NS

Transient HTT 4 (0.10%) 2 (0.10%) 2 (0.10%) NS
CH confirmed at birth 3 (0.07%) 2 (0.10%) 1 (0.05%) NS

a Fisher exact/Pearson test, NS: not significant, CH: congenital hypothyroidism, HTT: hyperthyrotropinemia.

3.4. Profile of CH Newborns Suspected of Having CH

The median age at screening was significantly higher in confirmed CH cases (100 h
[40–120]) compared to transient HTT cases (9 h [6–11]) and newborns who had a negative
confirmatory test (12 h [7–20]). Overall, 62.5% of recalled newborns were screened before
24 h of life. All transient HTT cases were screened before 24 h of life and initially showed
mild hormonal abnormalities that later normalized. In contrast, only one out of three
newborns with confirmed CH at birth was screened before 24 h; the remaining two were
screened later and had clearly abnormal hormone levels requiring treatment.

Regarding birth weight, the median weight was similar in all groups: 3100 g
[2500–3400] for newborns with a diagnosis of CH confirmed at birth, 3150 g [2900–3600] for
those with transient HTT, and 3120 g [2700–3800] for those with negative confirmatory test.
Low birth weight (<2500 g) was reported in 25% of newborns recalled for confirmatory
testing, with comparable proportions between those with a diagnosis of CH confirmed at
birth and newborns who had a negative confirmatory test, while no transient HTT case
had low birth weight.

A thorough examination showed that some clinical signs were observed exclusively
in newborns with a diagnosis of CH confirmed at birth; hypotonia and feeding difficul-
ties were present in 100% of cases and mottled skin in 66.7%. Other signs, including
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cyanosis, constipation, puffy face, and macroglossia, were each only reported in individual
cases. These symptoms were not observed in transient HTT cases or negative groups,
except for cyanosis and mottled skin, which were present in few cases with negative
confirmatory tests (11.1% and 22.2% respectively).

In addition, 6 out of 16 newborns recalled for confirmatory testing presented with
associated pathologies including malformation, cardiopathy, and nephropathy. We also
observed that comorbidities were not exclusive to cases with a diagnosis of CH confirmed
at birth. In fact, 33.3% of newborns with a negative confirmation test had associated
pathologies, compared with 66.6% of those with a confirmed CH diagnosis at birth (Table 4).

Table 4. Clinical profile of newborns recalled for confirmatory testing after positive CH screening.

Screen-Positive
Newborns

(N = 16)

Negative
Confirmatory Test

(N = 9)

Transient Hyperthy-
rotropinemia (N = 4)

Confirmed CH at Birth
(N = 3)

Age at screening (hours)
Median [Q1–Q3] 13 [8–24] 12 [7–20] 9 [6–11] 100 [40–120]

<24, n (%) 10 (62.5%) 5 (55.6%) 4 (100%) 1 (33.3%)
≥24, n (%) 6 (37.5%) 4 (44.4%) 0 (0.0%) 2 (66.7%)

Weight (grams)
Median [Q1–Q3] 3100 [2800–3600] 3120 [2700–3800] 3150 [2900–3600] 3100 [2500–3400]
≥2500 n (%) 12 (75%) 6 (66.7%) 4 (100%) 2 (33.3%)
<2500, n (%) 4 (25%) 3 (33.3%) 0 (0%) 1 (66.7%)

Clinical signs
Cyanosis 2 (12.5%) 1 (11.1%) 0 (0%) 1 (33.3%)

Mottled skin 4 (25%) 2 (22.2%) 0 (0%) 2 (66.7%)
Hypotonia 3 (18.8%) 0 (0%) 0 (0%) 3 (100%)

Constipation 1 (6.3%) 0 (0%) 0 (0%) 1 (33.3%)
Feeding difficulties 3 (18.8%) 0 (0%) 0 (0%) 3 (100%)

Puffy face 1 (6.3%) 0 (0%) 0 (0%) 1 (33.3%)
Macroglossia 1 (6.3%) 0 (0%) 0 (0%) 1 (33.3%)

Comorbidities
Malformations 2 (12.5%) 1 (11.1%) 1(25%) 0 (0%)
Cardiopathies 2 (12.5%) 1 (11.1%) 0 (0%) 1 (33.3%)
Nephropathies 2 (12.5%) 1 (11.1%) 0 (0%) 1 (33.3%)

NS: not significant, CH: congenital hypothyroidism.

3.5. Assessment of the Timeliness of the CH Screening Program

For the assessment of the timeliness of the screening program, 1119 random samples
were analyzed. The overall median turnaround time was 8 days (IQR: 5–15). By dividing
the screening program into two phases, we observed that the timeframe of Phase 1 (from
heel prick sampling to analysis) was longer, with a median of 6 days (IQR: 3–12) compared
to the timeframe of Phase 2 (from analysis to result transmission) between analysis and
transmission (1 day). Interestingly, we noted a distinct variation in the turnaround time
and timeframes between Oujda, where the Laboratory of ARH is located, and the other
screening locations. Indeed, the lowest TAT median was observed in Oujda (5 days,
IQR: 4–8), and the highest TAT medians were observed in Nador (20 days, IQR: 16–28) and
Driouch (12 days, IQR: 10–14). Similarly, the timeframe of Phase 1 was shorter in Oujda
compared to the other locations. However, the timeframes of Phase 2 were closer from one
province to another, with a median of 4 days (IQR: 1–4) observed in Jerada and a median
of 1 day in Oujda. Finally, we observed that all screening results, available only one day
after the analysis, were transmitted within 1 to 40 days after birth, with a median of 9 days
(IQR: 6–17) (Table 5).
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Table 5. Assessment of the timeliness of the CH screening program.

Timeframes (Days)

Birth to
Transmission

TAT
Sampling

to Analysis
Analysis

to Transmission

Median (IQR) Median (IQR) Median (IQR) Median (IQR)

Total (N = 1119) 9 (6–17) 8 (5–15) 6 (3–12) 1 (1–4)
Screening locations

Oujda (n = 427) 6 (4–9) 5 (4–8) 4 (2–6) 1 (1–1)
Nador (n = 191) 21 (18–29) 20 (16–28) 18 (14–24) 2 (1–4)

Berkane (n = 138) 15 (9–18) 13 (8–16) 10 (6–14) 2 (1–4)
Jerada (n = 125) 10 (7–15) 9 (6–11) 6 (3–9) 4 (1–4)
Guercif (n = 71) 9 (6–14) 8 (5–11) 6 (4–8) 1 (1–2)
Taourirt (n = 69) 7 (4–10) 6 (3–8) 4 (2–6) 1 (1–1)
Figuig (n = 57) 8 (5–13) 7 (4–11) 5 (3–7) 1 (1–2)

Driouch (n = 41) 13 (10–15) 12 (10–14) 9 (6–11) 4 (2–4)
CH: congenital hypothyroidism, TAT: turnaround time, IQR: interquartile range.

4. Discussion

Congenital hypothyroidism is a thyroid hormone deficiency presenting at birth, and it
is the most common preventable cause of intellectual disability. Screening all newborns
has been recognized as the most effective method to prevent severe morbidities associated
with CH [5,6]. Since 2006, the Moroccan Ministry of Health has drawn up an action plan
and protocols for newborn CH screening, and in 2012 it launched a regional program in
Rabat-Salé. Gradually, this program extended to other regions of the country [7]. In eastern
Morocco, the NS program was officially launched in December 2022. For organizational
reasons, sampling did not begin until March 2024. This study is the first experience of
regional NBS for CH in eastern Morocco aiming to estimate the birth prevalence of CH and
assess the timeliness of this program.

Three strategies are used to detect newborns with CH: a primary T4 test strategy, a
primary TSH test strategy (based on measuring either TSH in heel prick blood spot or cord
blood TSH), and a combined strategy. Currently, the TSH strategy is the most frequently
used in screening programs worldwide [1,5]. The present screening protocol involves
measuring heel prick blood TSH. By contrast, a combined strategy has been used in other
CH screening studies in Morocco [8,9]. According to the guidelines of the American
Academy of Pediatrics, to avoid false positive results, CH screening is recommended
between 24 and 72 h when TSH levels stabilize after a normal surge that occurs within
hours after birth. However, samples collected before 48 h are preferable to avoid any delay
in screening in case of early discharge. In addition, samples collected before 24 h necessitate
the use of age-specific TSH reference ranges [5]. Given that early discharges are frequent,
we screened all newborns just before discharge, respecting a screening age of 5 days or less,
and applied age-related cutoffs for TSH level in accordance with the national standards:
20 μU/L for newborns whose ages are less than or equal to 24 h and 15 μU/mL for those
aged more than 24 h old.

The prevalence of preterm and low birthweight varies across geographic regions. The
global prevalence of preterm is 11.1%, ranging from 5% in European countries to 18% in
African countries [10]. The global prevalence of low-birthweight newborns estimated in
2015 is 14.6%, with an average of 17.3% in Asia and 7.2% in developed countries [11,12].
In this screening program, 4.4% of newborns enrolled were premature and 6.4% were low
birthweight, aligning with the literature. In line with national recommendations, repeat
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TSH screening is advised for preterm and low-birth-weight newborns to detect possible
delayed TSH rise. However, in our study, no second screening was conducted for at-risk
newborns with normal initial results, which limits our ability to assess CH incidence in this
subgroup. In almost all CH screening programs, including the screening program in the
Fez region, a female predominance was reported [9,13]. However, no female predominance
was found in our study.

Although standard guidelines recommend repeat TSH testing at 15 and 30 days in
preterm newborns, twins, and those born to mothers with thyroid disorders, this protocol
was not implemented in our cohort. Only newborns with initial TSH above threshold
values were recalled for confirmation. Recall rates in different screening programs vary
from 0.01 to 13.3% and are generally lower in primary TSH screening programs than in the
T4 strategy [14]. The recall rate in our screening program was 0.44%, which is closer to those
reported in the Rabat region (0.6%) and the Fez region (0.5%) [8,9]. This higher rate could
be explained by lower cutoffs applied here (20–15 mU/μL) and iodine deficiency or excess;
the rate can rise from 0.1% in the non-iodine-deficient population to 20% in the iodine-
deficient population [15]. Of note, Morocco is considered a moderate iodine-deficiency
area [8,9]. Newborns exposed to excess iodine, such as iodine-containing antiseptics, may
also develop hypothyroidism [16,17]. Future improvements to the screening program
should include systematic follow-up for high-risk newborns to better detect delayed-onset
congenital hypothyroidism.

CH is usually sporadic and occurs in 1 in 2000 to 4000 births. In recent decades, an
increase in the incidence of CH has been reported in many studies worldwide [18,19]. This
increase is thought to be related to a switch in screening strategies, lower TSH cutoffs,
changes in ethnic demographics, and an increased number of preterm and low-birthweight
newborns screened [3]. Historically, switching from the primary T4 strategy to the primary
TSH strategy has led to an increase in the incidence of primary CH [1]. On the other hand,
lowering the TSH cutoffs has led to a change in the etiologies of CH, with more mild and
transient cases being detected [19,20]. Significant variation in incidence has been observed
among ethnicities, with a higher rate in Hispanic (1:1600), Asian (1:1757 to 1:2380), and
non-Hispanic white newborns (1:3333) and a lower rate in Black newborns (1:11,000) [21].
A higher incidence has also been reported in multiple pregnancies (10.1: 10,000) [22] and in
same-sex twins (1:593) [23,24].

In Morocco, we have no data on the overall birth prevalence of CH, and few studies
have been conducted on the topic. The first neonatal screening campaign for CH was
carried out in 1996 in the Rabat region, revealing an incidence of 1:1138 [8]. Another
study carried out in the Fez region reported an incidence of 1:1952 [9]. In this study,
we report a birth prevalence of 1:1354 live births of CH confirmed at birth, which aligns
with Moroccan studies. In addition, according to international guidelines on CH, the
four newborns with elevated TSH at screening and mildly abnormal or borderline serum
TSH and/or T4 values at the initial confirmatory test, which normalized spontaneously
without treatment during follow-up, were classified as having transient HTT. These cases
are distinct from both confirmed CH and false-positive results, as they reflect a temporary
functional disturbance rather than a false alarm or permanent hypothyroidism. Also,
the three newborns with high serum TSH and low serum T4 at confirmation cannot be
considered cases with permanent CH but rather cases with a diagnosis of CH confirmed at
birth, unless a diagnosis of thyroid dysgenesis is provided in the first days of life by means
of thyroid scintigraphy and/or ultrasound. In the absence of an ascertained diagnosis of
thyroid dysgenesis (agenesis, ectopy, hypoplasia), a re-evaluation of the diagnosis should be
performed at 2–3 years of life after withdrawal of the replacement therapy to verify whether
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CH confirmed at birth is permanent (re-start therapy) or transient (no therapy). It should
be noted that, in a related study exploring maternal and neonatal factors affecting TSH
levels in the same region, significantly higher rates of elevated TSH were observed in the
province of Figuig (OR = 3.878; p = 0.024), possibly linked to high consanguinity rates and
other contextual variables [25]. Although this current study did not identify statistically
significant geographic variations in confirmed CH cases due to the limited number of
diagnoses, these findings support the need for further investigation into province-specific
risk factors.

Most newborns with CH have few or no clinical manifestations at birth. Furthermore,
symptoms of hypothyroidism are non-specific. As a result, up to 60% of newborns are
unaware of their conditions [26]. Studies conducted over the last two decades have also
shown that many newborns with CH have concomitant congenital abnormalities such
as cardiac and musculoskeletal malformations [27]. CH is also very common in Down’s
syndrome newborns (1 to 12%) [5]. In Morocco, Oulmaati et al. reported that most
newborns with CH had hypotonia (46%), hypothermia (32%), jaundice (34%), lethargy
(22%), feeding difficulties (32%), myxedema (15%), macroglossia (15%), dry skin (12%),
and wide fontanelle (10%). Moreover, 78% of these newborns had associated pathologies,
especially Down’s syndrome, Turner’s syndrome, cardiopathies, and digestive atresia [28].
In our study, the most common symptoms were hypotonia (42.9%) and feeding difficulties
(42.9%), followed by mottled skin (28.6%). The other symptoms represented only 14.3%.
In addition, three out of seven cases presented with associated pathologies, including
malformation, cardiopathy, and nephropathy. These findings align with previous studies
and highlight that NBS is the most effective approach to identifying CH cases.

Neonatal screening programs require the perfect coordination of a multidisciplinary
team, robust organization, and consistent funding. In our context, the Medical Analysis
Laboratory of ARH is the only laboratory in eastern Morocco to perform TSH quantitation
on blotting papers, and for technical and logistical reasons, dried blood samples were sent
to the collection point of the laboratory, where TSH quantification was carried out once a
week. In addition, all results were available the day after analysis. Therefore, timeframes
between sampling and analysis, as well as those between analysis and transmission, are
crucial for therapy. Our time monitoring showed that the timeframes of screening phases
were longer, especially the pre-analytic delay, resulting in an elevated turnaround time. The
variability in TAT observed across provinces highlights significant logistical and structural
challenges encountered during the initial phase of the screening program. These include
the absence of a dedicated transport system for blood samples, particularly from rural areas;
the irregular supply of screening materials; and a shortage of trained healthcare staff at
collection sites. Furthermore, the regional reference laboratory operated with very limited
human resources, which contributed to processing delays. These constraints, especially
prevalent in provinces like Nador and Berkane, may lead to delayed confirmatory testing
and late initiation of treatment in newborns with elevated TSH levels, which increases the
risk of preventable intellectual disability. This finding is alarming and highlights the need
to optimize these processes. Indeed, the routing of blotting papers and results transmission
requires strong coordination between midwives, service majors, regional intermediaries,
and the laboratory. Strengthening the logistics chain, improving supply continuity, and
reinforcing the regional laboratory’s capacity are essential to ensure timely and equitable
neonatal screening in eastern Morocco. We also suggest that abnormal results should be
communicated directly to a designated physician coordinator in each maternity ward or
neonatal unit and transferred into the hospital information system.
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We are aware that all screened newborns were enrolled in the main public hospitals
in each province. Therefore, this program should be implemented in all medical care
centers of eastern Morocco to achieve an effective CH screening program. The screening
strategy used here could also be a limitation. Each screening strategy has advantages and
disadvantages, leading to a different recall rate and CH birth prevalence. Indeed, in the
primary TSH approach, central hypothyroidism, hypothyroxinemia, TBG deficiency, and
delayed TSH elevation would be missed. By contrast, the T4 approach is more sensitive
in detecting rare cases of hypothalamic–pituitary hypothyroidism. However, the TSH
approach has a higher specificity with a smaller recall rate than the T4 program. However,
while the combined TSH and T4 strategy is the ideal approach, it is not cost-effective [29].
Reducing the cutoff to 5 mU/L in the UK enabled the identification of cases that would
not be detected with the recommended cutoffs [30]. Further studies are thus needed to
define optimal cutoffs in our newborn population. Along with this, the presence of only
one laboratory in the Oriental region, an area of more than 90,000 km2, explains why the
preanalytical delays are very large. This can delay the handling of confirmed CH cases at
the right time. As such, it is preferable to equip each province with a laboratory even if the
expenses of screening would be higher, as the consequences of intellectual disability are far
more costly.

Furthermore, human errors are inevitable and can lead to invalid results and an
increased recall rate. Ongoing training of midwives and technicians should be considered
to reduce non-compliant samples and technical errors. However, given the complexity and
uniqueness of each context and the specific needs of each user, the transfer of knowledge
must be innovative and relevant in the pedagogical strategies used [31].

5. Conclusions

To the best of our knowledge, this study provides the first comprehensive insight
into CH screening in eastern Morocco, reporting a birth prevalence of 1:1354 live births
for CH confirmed at birth. However, distinguishing between transient and permanent
forms of CH remains doubtful due to the absence of follow-up tests that accurately describe
long-term results.

Although the program supports the relevance of neonatal CH screening in eastern
Morocco, our findings highlight significant operational challenges that compromise its
overall effectiveness. Further research, including longitudinal cohort studies, is essential
to optimize screening protocols. In addition, improving infrastructure and streamlining
logistics will be essential to ensure equitable implementation of the neonatal screening
program across all provinces.
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Abstract

Congenital hypothyroidism (CH) is a leading preventable cause of neurocognitive impair-
ment. Its incidence appears to be rising in several countries. We analysed 27 years of
newborn-screening data (1997–2023) from the largest Chilean screening centre, covering
3,225,216 newborns (51.1% of national births), to characterise temporal trends and poten-
tial drivers of CH incidence. Annual CH incidence was modelled with Prais–Winsten
regression to correct for first-order autocorrelation; additional models assessed trends
in gestational age, sex, biochemical markers, and aetiological subtypes. We identified
1550 CH cases, giving a mean incidence of 4.9 per 10,000 live births and a significant yearly
increase of 0.067 per 10,000 (95 % CI 0.037–0.098; p < 0.001). Mild cases (confirmation
TSH < 20 mU/L) rose (+0.89 percentage points per year; p = 0.002). The program’s recall
was low (0.05%). Over time, screening and diagnostic TSH values declined, total and free
T4 concentrations rose, gestational age at diagnosis fell, and a shift from thyroid ectopy
toward hypoplasia emerged; no regional differences were detected. The sustained increase
in CH incidence, alongside falling TSH thresholds and growing detection of in situ glands,
suggests enhanced recognition of milder disease. Ongoing surveillance should integrate
environmental, iodine-nutrition, and genetic factors to clarify the causes of this trend.

Keywords: congenital hypothyroidism; newborn screening; incidence trends; time-series
analysis; thyroid-stimulating hormone; mild CH; Chile

1. Introduction

Newborn screening (NBS) for congenital hypothyroidism (CH) is a critical public
health intervention aimed at preventing intellectual disability associated with untreated
CH. Early diagnosis and prompt initiation of levothyroxine therapy can lead to normal
neurocognitive development into adulthood [1].

The global prevalence of CH has increased since 1969 [2–6], a trend that may re-
flect the widespread adoption of NBS programs and the lowering of TSH diagnostic
thresholds [4,7,8]. Additionally, the profile of newborns screened for primary CH in devel-
oped nations has undergone significant changes with an increase in preterm and multiple
births, and infants admitted to NICU [9,10]. Further contributing factors may include
iodine deficiency [11] and ethnic differences [12].

In Chile, the NBS program for CH began as a pilot initiative in 1984, led by the National
Institute of Nutrition and Food Technology (INTA) and the Ministry of Health. In 1992, the
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National Program for Mass Screening of Phenylketonuria and CH was officially launched
and gradually expanded to achieve nationwide coverage by 1998 [13]. Currently, the NBS
program covers 99% of newborns. This high coverage has proven effective in ensuring
normal neurocognitive outcomes in children diagnosed with CH [14]. To date, however,
there are no published data on the incidence or etiological distribution of CH in the Chilean
population. The objective of this study was to analyse temporal trends in the incidence of
CH in Chile between 1997 and 2023.

2. Materials and Methods

The Chilean NBS program has always been based on the measurement of neonatal
TSH. Two NBS centres in Chile receive the special blood collection paper cards from the
babies born in the public health system (Centres 1 and 2), representing around of 80% of
the country’s births, and process 76% and 24% of the samples coming from 16 regions of
the nation, respectively [13]. Whole-blood TSH on dried blood samples is collected on
special blood collection paper. According to national guidelines, the timing of sample
collection is based on gestational age: in term infants (≥37 weeks), the sample is obtained
between 40 and 48 hours of life; in late preterm infants (36–366/7 weeks), the sample is
collected on the 7th day of life; and in preterm infants (≤35 weeks), two samples are
collected—one at 7 days and another at 15 days of life. These time intervals have remained
unchanged throughout the entire duration of the screening program. Information related
to CH diagnoses is collected, including sex, age at sampling, screening and confirmatory
TSH levels, and thyroid scintigraphy results when available. Data on gestational age has
been systematically recorded since 2009.

Between 1998 and 2006, TSH screening was performed using IRMA DPC (Immunora-
diometric Assay, CLINITEST, Diagnostic Products Corporation, Los Angeles, CA, USA),
and in 2006 switched to the Delfia® time-resolved fluorometry system (PerkinElmer)
(Waltham, MA, USA). In May 2018, the laboratory adopted the fully automated GSP
platform (PerkinElmer) (Waltham, MA, USA). To harmonise results after transitioning from
AutoDelfia to GSP platforms, a re-evaluation of TSH cutoff values was performed using
ROC curve analysis on a dataset of 55,717 newborns screened between May and October
2018. This analysis, identified a new TSH action cutoff of ≥13 μIU/mL (serum-equivalent),
compared to the previous threshold of 15 μIU/mL.

Under the Delfia method (Figure 1), an initial TSH measurement < 13 μIU/mL is
deemed screen-negative; values ≥ 13 μIU/mL trigger two repeat assays on separate card
punches, with the mean of all three readings dictating next steps: <14 μIU/mL is negative,
14.0–23.9 μIU/mL prompts a second-card retest, and ≥24.0 μIU/mL leads directly to
confirmatory serum TSH/free T4. If the second card mean is ≥15 μIU/mL, the newborn is
referred; otherwise, no action is taken.

With the GSP platform (Figure 2), samples with initial TSH ≥ 10 μIU/mL undergo
duplicate reanalysis: if either repeat is ≥13 μIU/mL, referral for confirmatory testing
occurs; if both are <13 μIU/mL, the screen is negative.

Throughout the study period, TSH concentrations were reported as serum-equivalent
values, using a standardised correction factor based on an assumed haematocrit of 55%
(1 μU/mL in whole blood = 2.22 μU/mL in serum).

A diagnosis of CH is confirmed when confirmatory sample serum TSH is >10 mU/L
and total T4 is <10 μg/dL. In cases where free T4 (FT4) levels are within the reference range
of the specific assay employed by each centre, a diagnosis of hyperthyrotropinemia (HT) is
made. When available, thyroid scintigraphy using 99mTc is performed to determine the
underlying aetiology.
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Figure 1. Screening algorithm for CH in Chile (Delfia® time-resolved fluorometry system, 2006–2018).

Figure 2. Screening algorithm for CH in Chile (GSP platform, 2018–2023).

A retrospective review was conducted using data from the national NBS program,
including infants born within the Chilean public health system between 1997 and 2023,
whose special blood collection paper cards were processed at Centre 1. This center receives
samples from 11 of Chile’s 16 regions, representing approximately 51.1% of all newborns in
the country.

The recall rate was defined as the proportion of newborns recalled for a repeat
sample or confirmatory test—owing to elevated TSH, inadequate sample, or analytical
interference—relative to all newborns with a valid initial specimen. It was calculated as:
Recall rate (%) = (Recalled newborns/Total newborns screened) × 100, with exact 95%
confidence intervals derived by the Clopper–Pearson method.

Statistical Analysis

Time-trend analyses were performed to describe changes in CH incidence and their
potential determinants from 1997 to 2021. Data from 1992 to 1996 were excluded because
nationwide screening was still in its pilot phase and lacked full population coverage. First-
order autocorrelation in the yearly series was handled with Prais–Winsten regression. The
primary outcome was the annual incidence of confirmed CH cases.
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Time trends in the incidence of CH were evaluated using Prais–Winsten regression
models, with calendar year as the independent variable. In addition to analyzing overall
incidence, additional models assessed changes over time in gestational age, sex distribution,
age at diagnosis, and hormone concentrations, including screening (whole-blood) and
confirmatory (serum) TSH, as well as total and free T4 levels. To investigate whether
the observed increase in incidence was driven by mild cases, we conducted two separate
analyses: (i) modeling the annual incidence of mild CH, defined by a screening TSH
concentration < 20 μUI/mL, and (ii) modeling the yearly proportion of mild cases among all
confirmed diagnoses. Conversely, to examine trends in more severe CH, we calculated the
annual number of cases with screening TSH ≥ 20 μUI/mL and applied a linear regression
model to determine whether the frequency of these non-mild cases changed over time.
Finally, additional Prais–Winsten models were applied to assess trends in the distribution
of aetiologic subtypes (e.g., ectopy, athyreosis, hypoplasia).

For each administrative region, annual incidence was calculated as Incidence = Con-
firmed CH cases × 10,000. Regional heterogeneity was assessed with a mixed-effects
linear model that treated region as a fixed effect and year as a random intercept, thereby
accounting for clustering over time.

Sex-specific differences in CH aetiology were examined among cases with definitive
scintigraphic classifications (ectopy, athyreosis, hypoplasia, goitre, normal scan) using
Fisher’s exact test; cases with missing sex were excluded. All analyses were conducted on
yearly aggregated data in Stata 17 (StataCorp, College Station, TX, USA), with statistical
significance set at p < 0.05.

3. Results

3.1. Overall Incidence (1997–2023)

Between 1997 and 2023, 3,225,216 newborns (51.1% of Chilean live births) were
screened for congenital hypothyroidism (CH) at Centre 1. A total of 1550 cases were
confirmed, yielding a mean incidence of 4.9 per 10,000 live births, rising from 3.91 in 1997
to 5.75 in 2023 (Figure 3).

Figure 3. Overall annual incidence rate of CH per 10,000 live births (Chile, 1997–2023).
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3.2. Diagnostic Characteristics

Sixty per cent of affected infants were female. The median TSH value at screening was
117.6 μUI/mL (IQR: 65.7–172.0), and at confirmatory serum testing it was 99.2 μUI/mL
(IQR: 59.4–100.0). The median total T4 concentration was 5.43 μg/dL (IQR: 4.25–8.00), and
the median free T4 concentration was 0.90 ng/dL (IQR: 0.78–1.07). Scintigraphy was not
obtained in 58.8 % of cases, which were classified as “unknown” aetiology. Among the
remainder, ectopy was most frequent, followed by athyreosis, goitre and hypoplasia (14.8%,
8.4%, 9% and 6%, respectively; Table 1).

Table 1. Number of CH cases by aetiology and overall incidence rates per year, Chile, 1997–2023.

Year
Screened

Newborns
(n)

CH Cases
(n)

Incidence Rate (per
10,000 Live Births)

(Mean)

Ectopy
(n,%)

Athyreosis
(n,%)

Hypoplasia
(n,%)

Goitre
(n,%)

Normal
(n,%)

Unknown
(n,%)

1997 125,245 49 3.91 14 (28) 3 (6) 1 (3) 12 (25) 0 (0) 19 (39)

1998 145,086 53 3.65 15 (28) 13 (25) 4 (8) 3 (6) 0 (0) 17 (33)

1999 141,139 62 4.39 20 (33) 7 (12) 3 (5) 4 (7) 1 (2) 25 (40)

2000 141,093 57 4.04 15 (27) 5 (9) 1 (2) 13 (22) 2 (4) 21 (36)

2001 138,369 61 4.41 12 (20) 6 (10) 4 (6) 9 (14) 1 (2) 29 (48)

2002 137,282 69 5.03 14 (21) 5 (7) 5 (7) 11 (16) 0 (0) 34 (49)

2003 130,707 57 4.36 9 (15) 10 (17) 1 (2) 2 (4) 2 (4) 32 (57)

2004 123,565 58 4.69 5 (9) 5 (9) 0 (0) 3 (5) 0 (0) 45 (77)

2005 120,896 45 3.72 1 (3) 1 (3) 0 (0) 0 (0) 0 (0) 42 (94)

2006 118,802 50 4.21 6 (11) 2 (3) 2 (3) 2 (5) 2 (3) 38 (76)

2007 122,408 68 5.56 4 (6) 0 (0) 1 (2) 1 (2) 0 (0) 61 (90)

2008 123,392 58 4.7 11 (19) 11 (19) 3 (6) 5 (9) 2 (4) 26 (44)

2009 125,383 52 4.15 6 (12) 1 (2) 3 (5) 5 (10) 0 (0) 37 (71)

2010 126,444 44 3.48 10 (22) 2 (5) 3 (7) 4 (9) 3 (7) 22 (49)

2011 121,420 75 6.18 10 (14) 9 (12) 5 (7) 7 (9) 2 (3) 41 (55)

2012 118,081 52 4.4 3 (5) 4 (8) 3 (6) 6 (12) 2 (4) 34 (65)

2013 116,496 58 4.98 7 (12) 7 (12) 1 (2) 3 (6) 1 (2) 39 (67)

2014 119,336 68 5.7 7 (11) 8 (12) 4 (6) 4 (6) 0 (0) 44 (65)

2015 115,322 74 6.42 12 (16) 6 (8) 4 (5) 7 (10) 0 (0) 45 (61)

2016 108,394 43 3.97 5 (12) 1 (2) 1 (2) 3 (7) 0 (0) 33 (76)

2017 108,911 66 6.06 5 (7) 5 (7) 11 (16) 4 (6) 1 (2) 40 (60)

2018 120,561 73 6.06 9 (12) 3 (4) 8 (11) 9 (12) 3 (4) 41 (56)

2019 113,095 53 4.69 5 (9) 4 (7) 7 (14) 5 (10) 5 (10) 26 (49)

2020 96,040 66 6.87 7 (10) 3 (5) 9 (13) 5 (7) 5 (8) 37 (56)

2021 83,934 49 5.84 4 (9) 3 (6) 6 (13) 3 (7) 3 (7) 28 (58)

2022 93,355 38 4.07

2023 90,460 52 5.75

Total 3,225,216 1550 4.9 216 (14.8) 124 (8.5) 90 (6.2) 130 (8.9) 35 (4.5) 856 (58.6)

3.3. Diagnostic Performance

The recall rate was 0.05% (95% CI 4.7–5.2 per 10,000). Of the 1604 screen-positive
newborns, 10 lacked complete follow-up and were excluded from performance metrics.
The overall positive predictive value (PPV) was 32% (95% CI 30–35%). Stratified by severity,
the PPV for severe CH was 58% (95% CI 53–63%), while the PPV for mild CH was 14%
(95% CI 12–16%). For comparison, the recall rate during the RIA period was 0.047% (95%
CI: 3.6–6.2 per 10,000), indicating similar program performance over time.
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3.4. Time-Trend Analyses

Prais–Winsten autoregressive regression demonstrated a significant annual increase
of 0.067 cases per 10,000 live births (95% CI 0.037–0.098; p < 0.001; R2 = 0.55). Mild cases
(confirmation TSH < 20 mUI/L) rose by 0.069 per 10,000 per year (95% CI 0.028–0.109;
p = 0.002; R2 = 0.29) (Figure 4), and their share of all CH diagnoses increased by 0.89
percentage points annually (95% CI 0.37–1.40; p = 0.002; R2 = 0.31). Severe cases (screening
TSH ≥ 20 μUI/mL) decreased significantly over time (β = −0.015; p = 0.017), suggesting a
decline in the incidence of clinically overt CH.

Figure 4. Annual incidence rate of mild cases of CH per 10,000 live births (Chile, 1997–2023).

3.5. Regional Variation

Incidence by region of the country (cases per 10,000 = [confirmed CH/newborns
screened] × 10,000) showed no significant differences in a mixed-effects model with region
as a fixed effect and year as a random effect (all p > 0.05).

3.6. Aetiological Trends and Sex Distribution

The proportion of ectopy and athyreosis decreased (β = −0.007, p = 0.019 and −0.0027,
0.092, respectively) whereas hypoplasia increased (β = 0.0037; all p ≤ 0.050). Ectopy showed
strong female predominance (72% female, p < 0.001), while hypoplasia, goitre and normal
scans were more common in males (61%, 59%, and 72% male; p = 0.005, 0.019, <0.001,
respectively). Dysgenesis (ectopy + athyreosis) had a female/male ratio of 2.47, versus 0.79
for other aetiologies (p < 0.001).

3.7. Biochemical Trends

Screening TSH and diagnostic serum TSH both declined over time (β = −8.54 μUI/mL
and −3.93 mU/L per year; p < 0.001), whereas total T4 and free T4 rose (β = 0.25 and
0.03 μg/dL per year; p ≤ 0.002).

3.8. Multivariable Analysis and Prematurity

In a multivariable Prais–Winsten model including gestational age, sex, aetiology
and hormone concentrations, none independently explained the secular rise in incidence.
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Prematurity (data available 2009–2023) increased non-significantly over time (β = 0.0098;
p = 0.13) and was not associated with CH incidence (β = 3.97; p = 0.31).

4. Discussion

This study demonstrates a significant upward trend in the diagnostic incidence of
CH in Chile over the past two decades. A consistent increase of approximately 0.07 cases
per 10,000 live births annually (p < 0.001) was observed. This finding aligns with reports
from other countries that have documented rising CH incidence over time. In Ireland, the
incidence of CH has significantly increased over the past 37 years. with the rate rising
from 0.27 cases per 1000 live births between 1979 and 1991 to 0.65 cases per 1000 live births
between 2005 and 2016 [15]. Similarly, in China, the incidence increased from 4.01 per
10,000 births in 2012 to 5.77 per 10,000 births in 2019. with factors such as changes in TSH
cutoff values and increasing preterm birth rates contributing to this trend [16]. Northern
Ireland has also seen a near tripling of CH incidence over 40 years, from 26 cases per 100,000
live births in 1981 to 71 cases per 100,000 in 2019 [17]. In France, the incidence of permanent
CH in females increased by 8.9 per year from 2014 to 2019 [18]. A global meta-analysis
reported a 52 increase in the prevalence of CH from 1969 to 2020, suggesting that factors
such as neonatal screening and changes in diagnostic criteria may be contributing to the
rise [2]. However, Finland presents a contrasting picture, where the incidence of CH has
remained stable over a 24-year period, indicating that regional differences exist [19].

Several hypotheses have been proposed to explain the increasing incidence of CH
worldwide, including improvements in screening sensitivity, changes in diagnostic thresh-
olds [4], and demographic changes [20]. Notably, the increase has been largely attributed to
the detection of milder cases, particularly those with in situ thyroid glands. which may not
have been diagnosed earlier under more stringent screening criteria [21]. In our analysis,
we observed declining trends in both screening and serum TSH concentrations, along
with increases in total and free T4 levels. These trends may reflect enhanced detection of
milder forms of CH. Additionally, ectopy declined significantly (β = −0.007; p = 0.012),
whereas the reduction in athyreosis was not significant (β = −0.0027; p = 0.084). This trend
supports the hypothesis that the increasing incidence of CH may be partly driven by the
detection of milder forms of the disease, as previously reported. For instance, in Québec,
lowering the TSH cutoff in screening tests led to an increase in the detection of cases with
normal-size glands in situ and unknown aetiology, while the incidence of dysgenesis and
goitre remained stable [6]. Additionally, the implementation of the GSP platform in 2018
may have increased the detection of milder or borderline cases, contributing to the upward
trend in incidence.

Furthermore, the observed decrease in gestational age at approximately one day
earlier per year—suggests that an increasing number of cases might being detected among
preterm infants. The potential role of prematurity was explored. While the proportion
of preterm births appeared to rise slightly, this trend was not statistically significant, and
prematurity did not explain the increase in CH incidence in our population. Several studies
have highlighted the elevated risk of CH in preterm infants due to their increased survival
rates [8] and their unique and dynamic pattern of thyroid hormone levels, explained
by the immaturity of the hypothalamic–pituitary–thyroid (HPT) axis; the withdrawal
of maternal thyroxine (T4) after birth, exposure to iodine especially in iodine deficient
areas; medications; birth weight, and the persistence of fetal metabolism [22]. In China.
the increasing rate of preterm births has been identified as a contributing factor to the
rising incidence of CH, although the contribution is considered limited compared to other
factors like changes in screening practices [16]. In our cohort, 11.7% of confirmed CH cases
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occurred in infants born at ≤35 weeks and 6.4% in those born at 36–366/7 weeks. Given
that preterm births account for approximately 8–10% of all live births in Chile, these figures
suggest a disproportionately higher incidence of CH among preterm infants. However,
because our database lacks precise denominators for the total number of preterm births
screened each year, we cannot calculate exact incidence rates for this subgroup. This
limitation underscores the need for dedicated data collection on gestational age to more
accurately assess the contribution of prematurity to CH incidence.

Our findings confirm a clear sex-based difference in the etiological distribution of
thyroid dysgenesis, with a pronounced female predominance. This observation is con-
sistent with prior studies suggesting sex-linked susceptibility or inherent developmental
differences influencing thyroid morphogenesis and migration [23]. Although the overall
proportion of female patients showed a slight but statistically significant decline over time,
this trend alone is unlikely to account for the observed increase in CH incidence. Notably, a
recent report from France described a rising incidence of permanent CH among females [18],
supporting the notion that temporal and regional factors may influence sex-specific trends.
Concurrently, we observed a significant increase in cases attributed to thyroid hypoplasia,
alongside a decrease in those classified as ectopy or athyreosis. In contrast, dyshormono-
genetic presentations (hypoplasia, goitre, and normal scintigraphy) disproportionately
affected males, indicating that sex-specific factors—potentially hormonal, placental, or
genetic—together with changes in population admixture, may be driving the upward
trend in milder CH forms among boys. Unfortunately, because the national screening
program collects data only at diagnosis and does not include systematic follow-up, we
cannot distinguish whether these milder cases are transient or permanent.

Despite evaluating multiple clinical and biochemical variables, none of the factors
examined fully accounted for the upward trend in incidence, suggesting that additional,
unmeasured contributors may be at play. These could include changes in iodine status,
maternal health conditions, or unidentified environmental factors [24], which underscores
the need for future research integrating environmental, nutritional, and genetic data.

5. Conclusions

In summary, we observed a sustained increase in the incidence of CH in Chile, which
was associated with a decline in both screening and diagnostic TSH concentration, as well as
an increase in cases with in situ thyroid glands. This pattern may reflect a rise in incidence
driven by the detection of milder forms of CH. Overall, these findings underscore the
importance of continued monitoring of CH incidence and its determinants. Future research
should investigate environmental exposures, regional variation in iodine sufficiency, and
potential genetic contributions.
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Abstract: The expansion of newborn screening (NBS) for congenital hypothyroidism (CH) is essential
to reducing the number of preventable intellectual disabilities in children. Because of logistical
issues, including geographic extremes, distinct cultures, and 4.8 million births annually, Indonesia
has struggled to achieve universal NBS coverage. A national cross-sectional electronic survey was
conducted to explore challenges in CH NBS. Responses from 423 healthcare professionals and
program administrators across 30 provinces in Indonesia were collected. The major challenges
reported were refusal from families (39.2%), newborns being discharged <24 h (38.3%), and limited
availability of filter paper (35.9%). The respondents considered refusal from families to be due to fear,
while others did not understand the necessity of CH NBS. The vast majority of respondents believed
that parents do not have sufficient understanding regarding CH NBS (96.5%). Our study found that
only 38.5% of respondents had received formal CH NBS training, with pediatric endocrinologists
being the only profession in which all respondents had been trained. Concerted efforts are needed
to improve the access to and availability of resources, increase the capacity for sample collection
and analysis, empower healthcare professionals, and develop educational resources to promote
understanding and acceptance of NBS amongst families.

Keywords: newborn screening; congenital hypothyroidism; experiences; challenges

1. Introduction

With an estimated global incidence ranging from 1:2000 to 1:4000 live births, congenital
hypothyroidism (CH) is the most common preventable cause of intellectual disability [1–4].
Early identification and treatment of affected newborns through national, whole-population
screening has been shown to be effective in preventing developmental sequelae. Newborn
screening (NBS) has been hailed as one of the greatest public health successes globally. CH
NBS was first developed in 1972 in Quebec, Canada, by Professor Jean Dussault [5]. Since
then, most high-income countries have successfully implemented NBS programs. However,
the same cannot be said for a large number of low- and middle-income countries (LMICs),
where the majority of newborns are not screened for CH [6,7]. The introduction and
continuing expansion of NBS across the world is a critical step to achieving the Sustainable
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Development Goals Nos. 3.2 and 3.4 to reduce the premature morbidity and mortality of
neonates due to non-communicable diseases [8].

Indonesia is the world’s largest archipelago, the fourth-most populated country, and
has the fifth-most births internationally, with 4.8 million births annually [9]. In May
1999, eleven Southeast Asian countries, including Indonesia, convened for the Workshop
on National Neonatal Screening for CH, where a consensus was made to initiate and
develop regional CH NBS programs [10]. With the support of the International Atomic
Energy Agency (IAEA), Indonesia began a pilot study involving Dr. Cipto Mangunkusumo
Hospital in Jakarta and Dr. Hasan Sadikin Hospital in Bandung from 2000 to 2005 [11,12].
Upon the completion of a health technology assessment (HTA) in 2006, the CH NBS
program expanded to eight provinces in 2008 (West Sumatra, Jakarta, West Java, Central
Java, East Java, Yogyakarta, Bali, and South Sulawesi), and in 2014, the Ministry of Health
(MOH) released a decree mandating CH NBS [13]. While CH NBS has subsequently
continued to expand to other provinces, national CH NBS coverage has remained low
and was reported to be 2.3% in 2022 [14]. This prompted the MOH to relaunch CH NBS
in August 2022 [15], followed by the release of a national policy that makes CH NBS a
requirement for all healthcare professionals to claim delivery payments from the national
insurance in September 2023 [16].

Although most high-income countries have achieved universal screening coverage,
Indonesia is still working towards developing a cost-effective, efficient approach as well
as increasing awareness among the general public and healthcare professionals regarding
NBS. The aim of this study was to identify barriers preventing the wider uptake of NBS
in Indonesia. To achieve this, a national, cross-sectional online survey was conducted by
Global Pediatric Endocrinology and Diabetes (GPED, www.globalpedendo.org [accessed
on 2 December 2023]) and the Endocrinology Working Group of the Indonesian Pediatric
Society (IPS). The focus was on identifying and exploring the experiences of healthcare
professionals and program administrators in CH NBS. This is the first national survey to
be conducted on CH NBS in Indonesia with respondents directly involved in the national
program’s implementation.

2. Materials and Methods

The survey was conducted in conjunction with a national webinar hosted by GPED,
a non-profit organization with a focus on improving the care of children with endocrine
disorders in LMICs, and the Endocrinology Working Group of IPS. All health professionals
self-registering as interested by neonatal congenital hypothyroidism screening in Indonesia
could attend this free webinar. However, the organizers actively reached out to members of
IPS, the Indonesian Midwives Association and MOH public health office networks for the
promotion of this webinar. Survey questions were disseminated at the end of the webinar
on 3 September 2023. Healthcare professionals (n = 957) joined via Zoom and YouTube Live.
Webinar participants who consented to the survey provided responses. Google Forms, a
web-based survey software, was used to collect and store responses in a digital spreadsheet.

The survey consisted of four main sections, beginning with an informed consent
section that detailed the objectives of the survey. After consent was received, respondents
were directed to the next section, which comprised five questions on their demographic
background. The final question in this section screened for webinar participants who
worked in health facilities that provide CH NBS. Those who confirmed that they worked in
health facilities that conduct CH NBS were eligible to proceed with the survey questions
described in the third section. This third section consisted of seven questions on the
challenges of CH NBS experienced by each respondent in their respective health facilities.
The fourth and final section of the survey explored the attitudes of respondents towards
CH NBS through eight “yes” or “no” questions. The survey took approximately 5 to 10 min
to complete.

The subjects included in this study were healthcare professionals and administra-
tive staff of public health offices working in health facilities directly involved in the CH
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NBS program across Indonesia. During the data analysis process, duplicate responses
were removed and descriptive statistics were used. Responses to open-ended questions
were summarized by approximating the similarities in semantic content. The answers to
the survey questions were treated anonymously. Ethics approval was not required for
this survey.

3. Results

3.1. Respondent Demographics

A total of 481 responses were gathered in the survey disseminated during the GPED-
IPS joint webinar. After removing duplicate responses, a total of 423 responses were
included in the final analysis. Consistent with a national webinar that included hundreds
of participants, there was great diversity in terms of the demographic backgrounds of the
respondents. The demographic profiles of the respondents are shown in Table 1.

Table 1. Respondent demographics.

Respondent Demographics n (%)

Profession (n = 423)

Midwives 122 (28.8)
General practitioners 97 (22.9)

Pediatricians 91 (21.5)
Pediatric endocrinologists 11 (2.6)

Clinical pathologists 25 (5.9)
Medical laboratory technologists 18 (4.3)

Nurses 37 (8.8)
Public health officers 5 (1.2)
Screening program

administrators 6 (1.4)

Others 11 (2.6)

Health facility level (n = 423)

Public health office 8 (1.9)
Referral laboratory 1 (0.2)

Primary health center 87 (20.6)
Type A hospital * 39 (9.2)
Type B hospital * 76 (18.0)
Type C hospital * 128 (30.3)
Type D hospital * 51 (12.1)

Private clinics/hospitals 33 (7.8)
* Type A hospitals are national referral hospitals that cater to between 13 and 20 subspecialties. Type B hos-
pitals provide the services of 4 basic specialties, 4 medical support specialties, 8 other specialties, and 2 basic
subspecialties. Type C hospitals have 4 basic specialties and 4 medical support specialties. Type D hospitals have
2 basic specialties.

There were over a dozen different professions involved in our study, with the ma-
jority of participants being split between midwives (28.8%), general practitioners (22.9%),
and pediatricians (21.5%). Besides clinicians involved in NBS, our survey also attracted
professions involved in the sample analysis and public health aspect of NBS. Our study
included representatives from each health facility level in Indonesia, with most participants
working at type C hospitals (30.3%) and primary health centers (20.6%). Finally, out of 38
provinces in Indonesia, there were representatives from 30. Most respondents were from
the Java region, notably East Java, West Java, and Central Java (23.4%, 13.2%, and 11.8%,
respectively). Other responses were spread across other provinces located on the major
islands, such as Kalimantan, Sumatera, Sulawesi, and Papua.
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3.2. Implementation of Newborn Screening for Congenital Hypothyroidism

Table 2 summarizes the current state of CH NBS implementation among the facilities
represented by the respondents. Most respondents reported that NBS for CH had been
initiated in their respective health facilities over the last 3 years. One third of respondents
indicated that their healthcare facility has not been able to screen all newborns, primarily
because of insufficient availability of filter paper (33.1%), refusal from families (19.8%), or the
NBS not being viewed as a compulsory national program before September 2023 (15.4%).

Table 2. Implementation of congenital hypothyroidism newborn screening.

Responses n (%)

Since when has your health facility implemented the CH NBS
policy? (n = 423)

2000–2010 6 (1.4)
2011–2020 61 (14.4)
2021–2022 55 (13.0)

2023 169 (40.0)
Unsure/unaware 132 (31.2)

Are all babies born in your health facility screened? (n = 423)

Yes 287 (67.8)
No 136 (32.2)

If you answered no to the previous question, provide your reason. . .
(n = 136)

Limited stock of filter paper 45 (33.1)
Refusal from families 27 (19.8)

NBS was not compulsory previously 21 (15.4)
Healthy infants discharged <24 h post birth 14 (10.3)

Critically ill newborns 10 (7.4)
Lack of trained healthcare professionals for sample collection 6 (4.4)

Only patients with ID cards in the respective cities can be screened 5 (3.7)
Infants without national health insurance 4 (2.9)

Sample delivery problems 1 (0.7)
No reason provided 3 (2.2)

3.3. Challenges in Congenital Hypothyroidism Newborn Screening
3.3.1. General Challenges in National Program Implementation

The challenges uncovered in our study are summarized in Table 3. The three major
challenges reported by respondents were refusal from families (39.2%), sampling time
difficulty as newborns were discharged at <24 h of age (38.3%), and limited availability
of filter paper (35.9%). In addition to NBS, our study explored whether levothyroxine
was available for CH management. There were a concerning large number of responses
indicating that levothyroxine was not available (31.2%), while 43.3% reported that it was
consistently available.
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Table 3. Challenges in CH NBS implementation.

Responses n (%)

Have you experienced any of the following difficulties
in implementing CH NBS? *

Parents who refuse screening 166 (39.2)
Sampling time is difficult because infants are often discharged <24

h 162 (38.3)

Limited availability of filter paper 152 (35.9)

Technical difficulties in sample collection 107 (25.3)
Difficulties in sending samples to referral labs 73 (17.3)

Difficulty with re-screening/confirmation tests on positive
screening results 49 (11.6)

Financial barriers to confirmation tests 63 (14.9)

Others:

Results of screening that take a long time 5 (1.2)
Lack of trained healthcare professionals for sample collection 5 (1.2)

Financial challenges (non-NHI patients, OOP when filter
papers are unavailable) ** 4 (1.0)

Geographical barriers 2 (0.5)
Confusion on whether to screen in special cases (sick infants,

premature infants, etc.) 1 (0.2)

Lack of collaboration with referral labs 1 (0.2)
Patients who do not come to the health facility for their scheduled

screening 1 (0.2)

Have not experienced difficulty 25 (5.9)

Is levothyroxine available for CH management in your health
facility? (n = 423)

Yes 183 (43.3)
No 132 (31.2)

Unaware/unsure 108 (25.5)
* Respondents were allowed to select multiple responses. ** NHI: national health insurance, OOP: out-of-pocket.

3.3.2. Challenges from the Parents’ Perspectives

Our study explored the reasons behind parent’s refusal through the perspectives of
healthcare professionals (Table 4). Most respondents reported that one of the reasons for
parental refusal is the fear of seeing their newborn having blood drawn from their heel (49.4%),
while others do not understand the necessity of CH NBS (31%). There are also general fears
regarding the CH NBS procedure and potential side effects (32.2%). There were several
respondents who reported never encountering parents who refused screening (15.6%).

Our survey also explored the healthcare professionals’ experience with parents’ edu-
cation levels in the field (Table 5). Almost all respondents shared their belief the parents do
not have sufficient knowledge and understanding regarding CH NBS (96.5%). When asked
regarding platforms to educate parents about CH NBS, most participants agreed that this
should be incorporated into routine antenatal care (53.2%). Others supported the idea of
educational content through social media (20.8%) and community health center outreach
activities (17.3%).
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Table 4. Refusal of CH NBS screening by Indonesian parents.

Responses n (%)

If you have ever encountered parents who refused screening,
what were their reasons for refusing to be screened? *

Can’t bear to see their child having blood drawn on the heel 209 (49.4)
Afraid 136 (32.2)

Don’t feel the need 131 (31.0)
Hearing fake news related to NBS 45 (10.6)

Religious beliefs 43 (10.2)

Additional financial expenditure (non-NHI patients, filter
papers unavailable) ** 5 (1.2)

Healthcare professionals who were unable to provide adequate
and clear explanations regarding NBS and its benefits 2 (0.5)

Have never met parents who refused screening 66 (15.6)
* Respondents were allowed to select multiple responses. ** NHI: national health insurance.

Table 5. Indonesian healthcare professionals’ perspectives towards parental understanding.

Responses n (%)

Do you think parents in Indonesia have sufficient knowledge
regarding CH NBS? (n = 423)

Yes 15 (3.5)
No 408 (96.5)

If you answered “No” to the previous question, what form of
education do you think is effective for parents in Indonesia? *

Education during routine antenatal care 225 (53.2)
Educational content through social media 88 (20.8)

Community health center outreach activities 73 (17.3)
Educational material in a book/booklet 17 (4.0)

Door to door education 10 (2.4)
Online seminars 6 (1.4)
Offline seminars 3 (0.7)

Revise the national maternal and child health book 1 (0.2)
* Respondents were allowed to select multiple responses.

3.3.3. Challenges from the Perspectives of Healthcare Professionals

Challenges highlighted by healthcare professionals conducting NBS mainly revolved
around a lack of training and technical skills in sample collection. Our study found that only
38.5% of respondents had received formal CH NBS training (Table 6). Only 23.7% to 66.7%
of the respondents within each group of profession had received training regarding CH
NBS. Pediatric endocrinologists were the only profession reported in our study where all
respondents had been trained specifically regarding CH NBS. This result was independent
from the type of healthcare facility. For public healthcare facilities, 147 respondents (37.7%)
stated that they have received CH NBS training while 243 respondents (62.3%) have not.
For private healthcare facilities, 16 respondents stated they have received training (48.5%),
while 17 (51.5%) have not (chi-square test 1.50, p = 0.22). The large majority of respondents
echoed the need for additional training regarding NBS (93.6%).
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Table 6. Training of healthcare professionals on congenital hypothyroidism newborn screening.

Responses n (%)

Have you ever received formal training
regarding CH NBS? (n = 423)

Yes 163 (38.5)
No 260 (61.5)

Respondents who have received training
based on healthcare profession

Midwives 42/122 (34.4)
General practitioners 23/97 (23.7)

Pediatricians 51/91 (56.0)
Pediatric endocrinologists 11/11 (100)

Nurses 11/37 (29.7)
Clinical pathologists 12/25 (48.0)

Medical laboratory technologists 5/18 (27.8)
Public health officers 2/5 (40.0)

Screening program administrators 4/6 (66.7)

Do you feel you need additional training
regarding CH NBS? (n = 423)

Yes 396 (93.6)
No 27 (6.4)

If yes, what form should this training take
place? *

Offline seminars 169 (42.7)
Online seminars 130 (32.8)

Educational material in a book/booklet 87 (22.0)
Educational content through social media 17 (4.3)

Hands on workshop 14 (3.5)
* Respondents were allowed to select multiple responses.

3.4. Attitudes towards Congenital Hypothyroidism Newborn Screening

The final section of our survey explored the attitudes of healthcare professionals and
staff involved in CH NBS towards CH NBS itself (Table 7). The vast majority of respondents
had positive attitudes towards CH NBS. While most respondents felt confident enough
to educate and answer parents’ questions regarding NBS (87%), fewer felt that they had
sufficient understanding regarding the CH NBS system in Indonesia (69.5%).
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Table 7. Attitudes towards congenital hypothyroidism newborn screening.

Responses n (%)

Does CH NBS add additional burden to your work? (n = 423)

Yes 55 (13.0)
No 368 (87.0)

Does CH NBS provide benefits in improving children’s health?
(n = 423)

Yes 421 (99.5)
No 2 (0.5)

Have you received sufficient training related to CH NBS?
(n = 423)

Yes 197 (46.6)
No 226 (53.4)

Do you feel confident enough to educate and answer parents’
questions regarding CH NBS? (n = 423)

Yes 368 (87.0)
No 55 (13.0)

Do you feel like you have sufficient understanding about the
CH NBS in Indonesia, including the referral system, algorithm

of positive results, etc.? (n = 423)

Yes 294 (69.5)
No 129 (30.5)

Should all newborns be screened? (n = 423)

Yes 406 (96.0)
No 17 (4.0)

Is newborn screening the responsibility of all health workers?
(n = 423)

Yes 399 (94.3)
No 24 (5.7)

Should Indonesia conduct screening for other congenital
diseases such as congenital adrenal hyperplasia (CAH)? (n =

423)

Yes 398 (94.1)
No 25 (5.9)

4. Discussion

With 423 responses from ten different professional backgrounds spread across 30 provinces,
the findings of this study highlight the specific challenges still facing CH NBS implementation
in Indonesia. Despite being initiated over two decades ago, the national coverage of CH NBS is
still low, with data from 2022 revealing a coverage of only 2.3% of all newborns. Encouragingly,
the country has seen a significant increase in government commitment and support for the CH
NBS national program. Unpublished data from the MOH show that the number of samples
increased steadily in 2023, standing at 48,887 samples a week in the third week of October
2023. This brings the national report of CH NBS samples collected in 2023 to 692,744 as of the
third week of October 2023, translating to a national coverage of 15.53% [16]. However, current
reports show that there is still great disparity between provinces, with reported coverage from
as low as 0.02% in South Papua to 40.54% in Bali [16].

CH NBS in Indonesia has progressed from being the subject of a pilot study involving
two hospitals to being implemented across 38 provinces. Without laboratories specifically
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designated for newborn screening, our CH NBS program relies on referral laboratories
appointed by the MOH. Public health centers, hospitals, and other healthcare facilities that
conduct NBS send samples to their appointed referral laboratory for the initial screening of
CH. Positive results are then reported back to the healthcare facility of origin to arrange
further tests as needed. While several referral laboratories have been assigned since 2008,
our study reveals that the majority of healthcare facilities only started screening for CH in
2023 (40%), with many reporting that the recent MOH policy making CH NBS compulsory
to claim newborn delivery payments from the national insurance acted as the catalyst for
CH NBS initiation. Very few respondents (1.4%) reported that the implementation began
within the first decade the program was introduced in Indonesia.

The implementation of a national NBS program is complex, with the involvement of
multiple stakeholders, and comprises several areas, including education, screening, follow-
up of results, diagnosis, management, and evaluation, all of which must be institutionalized
within national public health systems. In developing countries, especially in the Southeast
Asian and North African regions, the initiation and implementation of NBS programs are
limited by a number of challenges from varying public health priorities, such as low socio-
economic status and poor parental awareness [10,17,18]. Our study found that Indonesia is
also still limited by these challenges.

One of the most common problems mentioned by respondents was difficulty with
sampling time, as patients tended to be discharged less than 24 h after birth. Studies
conducted in Sri Lanka and Malaysia have also found this to be a common hurdle [19,20].
The American Academy of Pediatrics recommends that the optimal time for testing is
between 48 and 72 h of age [21]. With the initial TSH surge post-birth, specimens collected
within the first 24 h are associated with higher false positive rates [22]. From a cost–
benefit perspective, high false positive rates are unfavorable due to negative psychological
effects and stress on families, as well as the increased costs associated with confirmation
tests [23,24]. In Indonesia, while the costs of the initial CH NBS are covered by the MOH,
currently, not all confirmation tests for patients are covered. Patients must either arrange
for further testing in the referral laboratories located in major cities or pay out-of-pocket
with other providers. A solution often suggested by experts is to introduce higher cutoffs
for specimens collected <24 h of age. However, it must be noted that introducing higher
cutoffs comes with the risk of missing a true case of CH [25].

In addition to early discharge of patients, Indonesia faces added challenges such as the
fact that not all births take place in healthcare facilities and not all families have general care
physicians that provide long-term care. Most antenatal and postpartum care of mothers and
children in the country is provided by midwives. A study by Efendi et al. found that only
55.2% of Indonesian mothers seek birth assistance from healthcare providers [26]. Sri Lanka
is another Southeast Asian country that started CH NBS programs within the last decade,
and almost 99% coverage was achieved within four months of its implementation [20]. Such
success was possible as the vast majority of births took place in hospitals or in maternity
homes. Similarly, high-income countries, where births generally take place in maternity
units, have also reported coverage exceeding 99.5% [27]. Learning from the experiences
of other countries where universal coverage for screening has been achieved, Indonesia
needs to consider revising the current regulations and guidelines for CH NBS or making
adjustments to national health insurance policies for neonatal and postpartum care. While
changes are needed to improve NBS uptake, the major logistical issues associated with
such a large newborn population and the distribution of births over many islands needs
emphasizing. Indonesia has unique challenges, and these will take time to resolve.

Building a sustainable CH NBS program depends on the availability of robust in-
frastructure equipped with adequate logistical support. The findings of this study reveal
that another major challenge in achieving universal screening coverage is the lack of basic
consumables, such as the availability of NBS papers. At the time this study was conducted,
Indonesia only had twelve designated national referral laboratories, limiting the number
of samples that can be analyzed each week and further complicating the process with
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lengthy processing and reporting times. The current national capacity for screening is still
below the recommendations of the Working Group of Neonatal Screening of the European
Society for Pediatric Endocrinology, which states that screening should be conducted in
centralized laboratories that cover 100,000 newborns per year [28]. Even with the increasing
government commitment and support, universal screening coverage cannot be achieved
without adequate facilities and infrastructural support.

Parental understanding, perspectives, and concerns surrounding CH NBS is a critical
factor that determines the success of a national NBS program. Parents need to be well-
informed regarding CH and the benefits of NBS to provide the necessary consent, and
this remains a challenge in Indonesia. A study by Biswas et al. on parental perception
towards newborn metabolic screening in Indonesia found that, once parents understood
the principles behind metabolic testing, they consented to screening [29]. While most
respondents felt confident about educating parents (87%), they found that Indonesian
parents do not have sufficient knowledge and understanding regarding CH NBS (96.5%).
The American College of Obstetrics and Gynecology recommends that NBS information
should be included during prenatal visits through the postpartum period, with the optimal
time to provide NBS education being the third trimester of pregnancy [30]. As CH is the
first disorder to be identified for a national NBS program in Indonesia, the public is largely
unaware of the purpose and benefits of NBS. A study by Rama Devi et al. shared the
experience of initiating an NBS program in a rural area of Andhra Pradesh, India, and
reported that, with repeated awareness and training regarding NBS, the program was able
to be a success despite initial struggles with the local population’s illiteracy, ignorance, and
taboos, as well as a lack of awareness and interest amongst the medical community [31].
Parental education regarding the importance and relevance of NBS should be incorporated
across maternal and childcare services, including campaigns targeted to increase awareness
of NBS, inclusion in the national mother and child health book, and a national consensus
that ensures expecting parents are educated regarding NBS regardless of the individual
providing their antenatal care.

Our survey was conducted alongside a national webinar hosted by GPED and the
Endocrinology Working Group of IPS. Even though this study does not directly assess the
level of knowledge of healthcare professionals in Indonesia, the questions submitted by our
webinar participants were mainly basic questions surrounding CH as a disorder and the CH
NBS concept, process, and benefits. We can see that healthcare professionals in Indonesia
still lack the knowledge and understanding needed to educate parents to instill trust and
elicit acceptance of CH NBS. Our study also found that pediatric endocrinologists are the
only profession to receive formal CH NBS training. This prompted most respondents to
express the need for additional training regarding NBS (93.6%). These training programs
should include hands-on workshops targeted at healthcare professionals directly involved
in sample collection, which, in our case, are mainly midwives. Finally, a socialization
program regarding the CH NBS system also needs to be established, as only 69.5% of
respondents felt that they had sufficient understanding regarding the CH NBS system
in Indonesia.

While the initial focus of the NBS program will be on increasing screening coverage in
Indonesia, the program’s success also involves contacting and appropriately treating af-
fected infants. Patients with positive tests must undergo confirmation tests, and ultimately,
once diagnosed with CH, access to and availability of treatment must be ensured. While
levothyroxine is widely available, as of 2023, there are only 39 pediatric endocrinologists
nationally [32]. Therefore, currently, pediatric endocrinologists work with pediatricians
to manage CH. As we gradually work towards universal screening for CH and anticipate
more confirmed CH cases, adequate training and distribution of pediatricians capable of
managing CH need to be established nationally.

As Indonesia continues to work towards improving national coverage for CH NBS
and developing NBS for other disorders, such as congenital adrenal hyperplasia and G6PD,
we hope that the findings of this study can provide preliminary data to help shape and
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refine existing policies and programs to reach the ultimate goal of ensuring that every
newborn in Indonesia is screened.

5. Limitations

Although we included representatives of over ten different professional backgrounds,
additional perspectives are required, including those from parents and obstetricians. This
study mainly reflects the experiences of healthcare professionals and staff involved in CH
NBS in Indonesia, but does not objectively assess respondents’ knowledge and attitudes.
The vast majority of the respondents were from public healthcare facilities and may also
play more than one role, for instance, both clinical and administrative. There was also a
lack of representation from healthcare professionals working in private healthcare facilities.
As CH screening improves, future surveys should take into account this limitation, provide
the opportunity to list more than one role in the process of CH screening, and actively
reach out to those working in private healthcare facilities. Lastly, further studies aiming to
gather quantitative data regarding CH NBS in Indonesia should recruit more respondents
to provide better national representation.

6. Conclusions

CH NBS in Indonesia faces challenges such as a lack of logistical and infrastructural
support, lack of knowledge and training of healthcare professionals, and hesitation from
families. With the complexity of developing and maintaining a national program of this
scale, funding is not the only driver of success. Our study highlights that concerted efforts
must be made to improve the access to and availability of resources, increase the capacity
for sample collection and analysis, educate and empower healthcare professionals, and
develop educational materials and programs to promote the understanding and acceptance
of NBS amongst families.
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Abstract: The effectiveness of newborn screening (NBS) for congenital hypothyroidism (CH) relies
on timely screening, confirmation of diagnosis, and initiation and ongoing monitoring of treatment.
The objective of this study was to ascertain the extent to which infants with CH have received timely
and appropriate management within the first 3 years of life, following diagnosis through NBS in
Alberta, Canada. Deidentified laboratory data were extracted between 1 April 2014 and 31 March
2019 from Alberta Health administrative databases for infants born in this time frame. Time to lab
collection was anchored from date of birth. Timeliness was assessed as the frequency of monitoring of
Thyroid Stimulating Hormone (TSH) and appropriateness as the frequency of children maintaining
biochemical euthyroidism. Among 160 term infants, 95% had confirmation of diagnosis by 16 days of
age. The cohort had a median of 2 (range 0–5) TSH measurements performed in the time interval
from 0 to 1 month, 4 (0–12) from 1 to 6 months, 2 (0–10) from 6 to 12 months, and 7 (0–21) from
12 to 36 months. Approximately half were still biochemically hypothyroid (TSH > 7 mU/L) at
1 month of age. After becoming euthyroid, at least some period of hypo- (60%) or hyperthyroidism
(TSH < 0.2 mU/L) (39%) was experienced. More work needs to be performed to discern factors
contributing to prolonged periods of hypothyroidism or infrequent lab monitoring.

Keywords: neonatal screening; congenital hypothyroidism; neurodevelopment; euthyroid; guidelines

1. Introduction

Thyroid hormone is essential to the developing brain and nervous system, especially
before 3 years of age. Congenital hypothyroidism (CH) is a condition that describes an
infant who is born without the ability to make sufficient thyroid hormone, most commonly
due to a structurally abnormal gland or one that cannot make thyroid hormone. The
diagnosis of primary CH is made by demonstrating elevated Thyroid Stimulating Hormone
(TSH) and reduced free thyroxine (FT4) in serum.

Infants with CH may not display any obvious clinical symptoms during the neonatal
period, making it difficult to diagnose. Delays in treatment may result in permanent intel-
lectual disability. Early detection through newborn screening (NBS) and timely initiation
of levothyroxine therapy successfully prevent intellectual disability and other negative
consequences of untreated hypothyroidism in the affected neonates. The effectiveness of
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newborn screening for CH in reducing the prevalence of intellectual disability has been
incontrovertibly demonstrated [1,2].

In Canada, Quebec was the first province to provide universal newborn screening for
CH in April 1974 [3]. In Alberta, this became available in 1977 [4]. The incidence of CH in
Alberta has been reported to be approximately 1 in 3500, with 10 to 15 cases detected each
year [5].

To be effective at preventing intellectual disability, positive screening results must be
followed up appropriately and in a timely manner. A positive newborn screen for CH
is confirmed with measurements of serum TSH and FT4 levels. Recommendations from
American and European bodies suggest that levothyroxine therapy should be initiated
as early as possible and by 14–15 days of age [6–9]. The goal of therapy is to reach
euthyroidism with a normalized FT4 within two weeks and a normal TSH within one month
of initiating treatment [6]. There is currently no formal Canadian guideline. Afterwards, the
child generally remains on thyroid hormone replacement for at least 2 years and regularly
undergoes blood testing to monitor the adequacy of treatment. Persistent hypothyroidism
may lead to intellectual disability, while hyperthyroidism can result in adverse effects such
as poor weight gain and premature craniosynostosis [10–12].

A previous study of the Alberta Newborn Screening Program (ANSP) for CH revealed
heterogeneity of practice in diagnosis and proximal management, subsequent to notification
of a positive CH screen [13], but there have been no studies detailing the outcomes of long-
term monitoring over the subsequent 3 years. The objective of this study was to evaluate
the extent to which infants with CH have received timely and appropriate management
within the first 3 years of life subsequent to their identification through the ANSP.

2. Materials and Methods

Study design: This is a retrospective chart review of Alberta infants who screened
positive for and were diagnosed with CH through the ANSP. Deidentified laboratory data
were extracted from Alberta Health administrative databases for infants born between 1
April 2014 and 31 March 2019: Ambulatory Care, Inpatient, Laboratory, Pharmaceutical
Information, and Population Registry. All outputs were limited to 0 to 3 years of age. For
example, if the service event occurred on or after the recipient’s 3rd-year birthday, the
record was not included during the data extraction. All confirmed cases of CH identified
for infants born during this time frame were included in the initial analyses of incidence
and time to first confirmatory TSH measurement.

NBS for CH in Alberta: The ANSP is a province-wide screening program offered
to all infants born in Alberta and is located at the University of Alberta Hospital in the
provincial capital, Edmonton. The ANSP screens for 22 conditions, including congenital
hypothyroidism due to primary causes. The NBS for CH is performed by measuring TSH
levels from capillary dried blood specimens (DBSs) collected on Whatman 903 filter paper.
Collection of the DBS is recommended at 24 to 72 h of age, as previously described [4]. Dur-
ing the period of this study, the TSH eluted from a single 3.2 mm DBS was analyzed through
AutoDELFIA® Neonatal hTSH time-resolved fluoroimmunoassay (PerkinElmer, Turku, Fin-
land), using AutoDELFIA instruments with the corresponding software (Multicalc 2.1 Rev3,
PerkinElmer, Turku, Finland), in full compliance with the manufacturer’s instructions.

The CH screening algorithm has two types of out-of-range results: borderline or critical.
The borderline cutoff is age-related (0–30 h, TSH ≥ 32 mU/L; 31–191 h, TSH ≥ 26 mU/L;
and ≥192 h, TSH ≥ 20 mU/L). The critical cutoff (TSH ≥ 50 mU/L) is the same for all
age groups. Infants with borderline results on the initial specimen are followed up with a
second NBS collection, whereas infants with critical results are immediately referred to a
pediatric endocrinology specialist for a confirmatory diagnostic evaluation. Two borderline
results (on separate specimens) are followed up as a critical result. Since CH may be missed
in infants with low birth weight (BW) due to delayed TSH rise if screened early after
birth, all infants with BW < 2000 g are recommended to have blood spots recollected at
21–28 days of age, even if the initial screen result was normal [4].
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Timeliness of diagnosis: Timeliness of diagnosis was described as the time from birth
to the date of confirmatory laboratory investigation of serum TSH and FT4. The most
sensitive test for detecting primary CH is measurement of TSH [14]. Therefore, we focused
our analyses on frequency and levels of TSH measurements.

Timeliness of monitoring: Timeliness of monitoring was assessed as the frequency of
monitoring of thyroid function indices. It was anchored to the date of birth of the infant,
rather than to the date of the abnormal NBS, because recommendations for treatment
initiation and monitoring are expressed in terms of the infant’s age. In 2013, the ANSP
(then known as the Alberta Newborn Metabolic Screening Program) developed the “Clinical
Algorithm for CH Abnormal Screen Result”, which was based on recommendations from
the American Academy of Pediatrics, the Lawson Wilkins Pediatric Endocrine Society (now
known as the Pediatric Endocrine Society), and the American Thyroid Association [6,15,16].
TSH +/− FT4 levels should be monitored as follows:

At 2 weeks and then 4 weeks from 0 to 1 month old (≥2 times);
Every 1 to 2 months for infants 1 to 6 months old (≥3 times);
Every 3 to 4 months for infants 6 to 36 months (≥7 times).
Appropriateness of treatment: The goals are to normalize serum FT4 levels within

2 weeks of age and serum TSH levels within 1 month of age. Once FT4 levels are normal,
TSH should be used to adjust doses, aiming for TSH levels in the lower half of the normal
range. The Alberta Clinical Algorithm recommends levels between 0.5 and 2 mU/L by one
month of age and thereafter [16]. Infants born between 1 January and 31 March 2019 were
not included in this portion of the analysis because there were insufficient data.

On 12 April 2016, the reference intervals for TSH and FT4 were aligned throughout
Alberta according to the performing methodology [17]. Because of the immediate post-
natal TSH surge, TSH and thyroid hormones are higher in infants and subsequently fall,
approximating adult levels by about 1 month of age [18]. Before this alignment, some
regional labs used an upper-limit TSH of 6.8 for infants 8 days to 1 year and 6.5 mU/L
for age ≥ 1 year. The lower limit of the normal range of TSH was 0.2 mU/L. For our
analyses, we defined biochemical hypothyroidism as TSH > 7 and hyperthyroidism as
TSH < 0.2 mU/L. Subclinical hypothyroidism or hyperthyroidism occurs when the TSH
level is increased or decreased, respectively, above the normal range, but the FT4 level
is normal.

Premature infants can have a blunted or delayed TSH surge due to immaturity of
their hypothalamic-pituitary-thyroidal axis [19]. In all premature infants with BW < 2000 g,
their NBS are repeated between 21 and 28 days of age if the initial screen was normal.
We include all confirmed cases of CH, including premature infants, when reporting the
incidence of confirmed CH during the specified time frame. Subsequently, we excluded
premature infants from further analyses because their timing and frequency of monitoring
would skew the overall time-based results. (In addition, these infants were cared for in
Neonatal Intensive Care Units, which is not reflective of most infants with CH who are
monitored in the outpatient, community setting).

Statistical analysis: All statistical analyses were performed using SAS Ver. 9.4 and R
Ver. 4.1.1. We computed the mode and the median because we were interested in both
the most common values and the middle values. Categorical variables are presented as
frequencies and percentages. Stratification variables include year of birth and infant age (in
days) where appropriate.

3. Results

3.1. Timeliness of Diagnosis

Between 1 April 2014 and 31 March 2019, 273,319 infants were registered in Alberta,
and out of these, 271,826 received NBS. Out-of-range (i.e., positive) NBS results for CH
were reported for 247 babies. Further diagnostic testing revealed 185 true-positive NBS
results for CH, an incidence of 1:1470.
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Infants most commonly were 6 or 7 days of age at the time of the first confirmatory
TSH measurement. Most infants (84%) had biochemical confirmation of diagnosis within
16 days of age (range 1 to 69 days). Among cases where borderline NBS results required
a second or third repeat screening, confirmation of hypothyroidism by venous sampling
typically occurred within one week from when the overtly positive NBS was reported.

When premature infants or infants who died were removed from the analysis, there
were 160 infants who had confirmation of positive screens by 2 to 45 days, with 95% of
infants being diagnosed within 16 days of age (Table 1 and Figure 1). In 4 cases, a venous
FT4 was collected (not TSH) before day 6, and the results were sufficiently low to prompt
treatment. (TSH levels were done afterwards and remained high, verifying CH due to
primary causes.) In addition, there was one infant with several equivocal NBS with first
diagnostic TSH at day 28, one infant with a positive NBS confirmed one month later on
day 45, and two infants who did not have diagnostic testing until days 17 and 19 for
unknown reasons.

Table 1. Age of infant in postnatal days at the time of first venous TSH measurement.

Year
2014

(n = 27)
2015

(n = 35)
2016

(n = 30)
2017

(n = 39)
2018

(n = 25)
2019

(n = 4)

Time to 1st TSH (Days)

Range 5 to 16 2 to 28 4 to 45 4 to 38 4 to 28 7 to 11
Mode 6 8 6 5 6 N/A

Median (Q1, Q3) 7 (6, 8) 7 (6, 9) 6 (6, 7) 7 (5, 8) 6 (6, 8) N/A

Median (Q1, Q3) shows the 50th, 25th, and 75th-centiles of the range of results. N/A: data not available for this
time frame.

 

Figure 1. Age of infant in postnatal days at the time of first venous TSH measurement.

3.2. Timeliness of Monitoring

The effectiveness of longitudinal treatment was determined through serum TSH
measurements for those with eligible lab tests within the pre-defined study time frame
(Figure 2). The median (mode; range) number of TSH measurements during these times
periods was 2 (2; 0 to 5) from 0 to 1 month of age, 4 (5; 0 to 12) from 1 to 6 months of age, 2
(2; 0 to 10) from 6 to 12 months of age, and 7 (5; 0 to 21) from 12 to 36 months of age.
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Figure 2. Number of TSH tests completed during specific age ranges. Abbreviations: TSH, Thyroid
Stimulating Hormone; M, months; Y, years. Median (Q1, Q3) shows the 50th, 25th, and 75th-centiles
of the range of results.

Within each year, there was at least one infant with infrequent laboratory monitoring.
In 2014, one infant with an initial venous TSH of >150 mU/L had no subsequent labs
between days 8 and 63 of age. In 2015, an infant with an initial TSH of 523 mU/L had no
additional labs between days 6 and 315. In 2016, an infant with an initial TSH of 984 mU/L
at 6 days of age had no subsequent labs. In 2017, there was an infant who did not have any
labs past 17 days of age, and the TSH was 88 mU/L at that time. In 2018, one infant had no
labs beyond 43 days of age despite being hypothyroid (TSH was 18 mU/L).

3.3. Appropriateness of Treatment

The frequencies of euthyroidism by the end of the first month of age are depicted in
Figures 3 and 4. Overall, 42% had biochemical euthyroidism, but up to 51% of infants still
manifested biochemical hypothyroidism at one month of age. Almost all of these were
cases of subclinical hypothyroidism. The highest TSH levels at one month of age were
observed among infants with the highest initial pretreatment TSH levels. Several among
them still had TSH levels of ≥100 mU/L at one month of age. Five percent of the cohort
was biochemically hyperthyroid at the end of the first month of age.

Once euthyroidism had been achieved, up to 67% of infants experienced some period
of hypothyroidism (Table 2). Almost all of them had mild TSH elevations (with normal free
T4 levels); they were followed up with timely monitoring and subsequently demonstrated
to be within normal range. However, there were exceptions among this cohort who
experienced protracted periods of severe hypothyroidism:

• In 2014, there was one infant who experienced prolonged hypothyroidism. This
infant’s initial venous TSH was >500. This infant’s TSH level did not fall below
10 mU/L until day 437. Thereafter, this infant became euthyroid, which persisted until
the last record at 1041 days.
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• One infant born in 2015 did not become euthyroid until 89 days of age. Afterwards,
this infant had fluctuating levels of hypothyroidism and euthyroidism on day 120
(TSH 24), became euthyroid on days 616 (TSH 126) to 734 (TSH 129), and then was
euthyroid on days 778 (TSH 24) to 810 (TSH 23 mU/L).

• In 2016, an infant with a free T4 of 6.9 pmol/L was started on levothyroxine for CH.
At 360 days of age, the TSH level was >150; and at 505 days of age, the TSH was
91 mU/L. There were no other thyroid function indices in between.

After becoming euthyroid, hyperthyroidism was frequently encountered. All of these
were cases of subclinical hyperthyroidism.

 

Figure 3. Range of initial and 1-month TSH levels. (Filled circles = hypothyroid; open circles =
euthyroid; gray circles = hyperthyroid).

 

Figure 4. Frequencies (%) of euthyroidism, hypothyroidism, and hyperthyroidism at 1 month of
age. Euthyroidism was defined as a TSH level between 0.2 and 7 mU/L, hypothyroidism defined as
TSH > 7 mU/L, and hyperthyroidism defined as TSH < 0.2 mU/L. Year 2019 (infants born between 1
January and 31 March 2019) was not included in this analysis because there were insufficient data.
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Table 2. Hypothyroidism (TSH > 7.0 mU/L) and hyperthyroidism (TSH < 0.2 mU/L) beyond 1 month
of age after becoming euthyroid.

Year
2014

n = 27
2015

n = 35
2016

n = 30
2017

n = 39
2018

n = 23

Hypothyroidism after
euthyroidism (n; %) 17 (63%) 21 (60%) 20 (67%) 24 (62%) 11 (48%)

TSH range (mU/L) 8.4 to 59.1 7.1 to 129.4 7.6 to >150 8.2 to 191.4 7.7 to 78.2

Hyperthyroidism after
euthyroidism (n; %) 13 (45%) 22 (56%) 13 (37%) 16 (36%) 6 (21%)

Year 2019 (infants born between 1 January and 31 March 2019) was not included in this analysis because there
were insufficient data.

4. Discussion

The most recent “Technical Report on the Screening and Management of Congenital
Hypothyroidism” from the American Academy of Pediatrics (AAP) stresses the importance
of clinical and laboratory follow-up of children with CH [19]. In addition to NBS, the
management of CH requires timely confirmation of diagnosis and initiation of treatment
and consistent follow-up. The major factors that determine long-term cognitive outcomes
include the severity of CH, starting dose and timing of initiation of treatment with levothy-
roxine, and time to restoration of euthyroidism [20]. The goal is to initiate levothyroxine
therapy as early as possible, generally by 2 weeks of age [19]. TSH levels should be kept
within the age-specific reference range. There is no head-to-head comparison of one mon-
itoring protocol over another, but normal cognitive outcomes have been achieved with
monthly, bimonthly, and 3-monthly measurements in the first 2 to 3 years of life. In addition,
it is recommended that more frequent monitoring happen during more rapid periods of
growth, for example, in the first year of life [14].

We noticed an increased incidence of CH in Alberta over the last 20 years. Between
2002 and 2005, the incidence of CH in Alberta was reported to be approximately 1 in 3500;
however, our study shows an incidence of 1:1470 [5]. An increased global incidence of CH
over the past 2–3 decades has been reported also in the province of Quebec in Canada, as
well as in France, New Zealand, Italy, Argentina, Greece, and the United States [21,22]. It
is not completely clear what is causing this increase; most of these increases have been
ascribed to the lowering of TSH cutoffs, therefore allowing for the detection of milder cases
of CH. In some studies, changes in the ethnic composition of the screened population were
also considered to be the cause of the increase [21,22].

Our study demonstrated that nearly all 160 term infants with CH detected through
NBS had confirmation of their diagnosis within 16 days of age. There was an overall
decrease in TSH levels between the time of the initial confirmatory serum sample and one
month of age. Though we cannot with certainty state that this was due to levothyroxine
therapy, the trend implies that treatment had been started. TSH measurements were
most commonly measured 2 times between 0 and 1 month of age, 4 times between 1 and
6 months, 2 times between 6 and 12 months, and 7 times from 12 up to 36 months of
age. The median counts within each time interval show that TSH monitoring generally
happened as recommended by international guidelines.

However, our study also showed that the frequency of laboratory monitoring, as
well as the attainment and sustainment of euthyroidism, varied widely. Some infants had
a paucity of laboratory monitoring completed, while others experienced venipuncture
frequently. We discovered several infants each year who were over 1 month of age before a
TSH level was measured, had no laboratory testing beyond the first measurement, or went
a year or more without any monitoring. Using retrospective administrative data limits
us from accessing the clinical context within which care was happening. For instance, we
are unable to ascertain whether infants without subsequent monitoring had moved out of
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province. Nevertheless, further investigations are required to understand the circumstances
of these cases.

Among those who had FT4 data available, almost all of their levels were within
normal range by one month of age; however, the TSH levels of nearly half of the cohort
exceeded 7 mU/L. In other words, subclinical hypothyroidism was common at 1 month
of age and frequently recurred among those who eventually became euthyroid. TSH
values above 5 mU/L are considered to be abnormal in infants over 3 months of age [19].
Because the hypothalamic-pituitary-thyroidal axis adapts finely to changes in serum free
thyroid hormone levels, an increase in TSH suggests insufficiency of thyroid hormone. The
2020–2021 European guidelines recommend treatment with levothyroxine if the serum
TSH concentration is 6 to 20 mU/L (with normal free T4) beyond the age of 21 days [14].
Whether mild subclinical hypothyroidism affects neurocognitive outcomes remains a
question requiring further investigation. Gross and Van Vliet found that infants with
recurrent episodes of subclinical hypothyroidism after 6 months of age had cognitive
scores lower than their peers, a higher incidence of behavioral issues, and poorer school
performance [2].

Higher initial doses of levothyroxine increase FT4 levels more rapidly but can lead to
transient periods of hyperthyroidism. A retrospective study of a Polish CH newborn screen-
ing program between 2017 and 2021 demonstrated that 51 (58%) out of 88 patients were
optimally treated, while approximately 25% were overtreated. The authors of this study
suggested that overtreatment may have occurred among those with transient or milder
forms of hypothyroidism who did not require as much exogenous thyroid hormone [23].
A belief exists among some clinicians that overtreatment may be more acceptable than
undertreatment, but overtreatment may be associated with inattention, hyperactivity, anx-
iety, and deficits in cognitive function [24]. Long-term behavioral problems have been
described in some cases, but the data are inconsistent with regards to the types and severity
of behavioral problems.

The retrospective nature of our study, using data from administrative databases,
precludes us from explaining the causes of infrequent TSH monitoring for some infants or
why nearly half of the cohort experienced subclinical hypothyroidism. It can be inferred
that the overall lowering of TSH levels after confirmation of diagnosis reflects that therapy
was started; however, the timing of when levothyroxine therapy was prescribed and
started could not be accurately ascertained from the administrative databases and is a
limitation of this study. While inadequate therapy could be one reason for suboptimal
outcomes, the reasons are likely to be multifactorial. These include the etiology of congenital
hypothyroidism, with thyroid agenesis, ectopia, or hypoplasia likely to result in more
severe disease; limited access to healthcare providers, laboratory facilities, and treatments;
parental non-adherence due to a misunderstanding about the importance of treatment;
and providers’ lack of knowledge in management goals or confidence in interpreting
lab results. Based on health insurance claims databases in the United States, Kemper
and colleagues identified that approximately 40% of children with CH appeared to have
discontinued treatment by 36 months after initiation of treatment [25]. Up to half of patients
with a diagnosis of CH may be lost to follow-up [25–27]. The Region 4 Midwest Genetics
Collaborative established the Congenital Hypothyroidism 3-Year Follow-Up Workgroup
in 2011. From the Clinician Survey, clinicians reported that some patients had mild or
transient hypothyroidism and had normal thyroid testing off medication; however, some
parents had stopped treatment on their own. From the Parent Survey, only two-thirds of
parents replied that they were satisfied with the level of medical education they received
from their infants’ provider [27].

Pediatric endocrinologists are involved in the initial assessment, but the long-term
management of children with CH, which necessitates frequent follow-up and monitoring,
may be conducted by pediatricians, nurse practitioners, or family physicians [28]. In a
cross-sectional survey of primary care providers (PCPs) in California and Hawaii, the
two most commonly perceived barriers to providing long-term care for patients with CH
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were (1) that they need guidance or support from endocrinologists and (2) that they were
not familiar with the CH treatment guidelines. The proportion of PCPs who correctly
identified the recommended frequency of blood tests for three different age groups was
no higher than 73% [26]. In Alberta, infants who screen positive for CH receive an initial
consultation with a pediatric endocrinologist for confirmation of the diagnosis and initiation
of treatment. Pediatric endocrinologists are based in the two largest cities—Edmonton
and Calgary. Subsequent follow-up may be performed by a pediatrician or family doctor.
The administrative codes in the databases were not sufficiently granular to distinguish the
specialty of the ordering provider.

Alberta has been screening infants for CH for almost 50 years, and it is fair to conclude
from our study that most infants are benefiting from timely and appropriate long-term
management. However, the handful of infants with scant monitoring or prolonged hy-
pothyroidism spotlights gaps in care that call out for changes to how long-term follow-up
happens. Future studies can follow patients prospectively through their clinical journeys.
The ANSP can develop a program to track longitudinally the clinical outcomes, particularly
of those with the most severe disease. The ANSP has also developed a Clinical Algorithm
tool that can be more consistently distributed to providers and parents at the time of
diagnosis [16]. Solutions will require a multi-pronged approach and include eliminating
physical and figurative barriers (e.g., geographic distance and administrative red tape) that
prevent infants from accessing healthcare providers and laboratory facilities; systematic,
initial education and periodic re-education with primary care providers and caregivers; and
facilitating access to long-term outcomes data for the purposes of quality improvement.

5. Conclusions

It is imperative that the newborn screening process for CH evaluate the outcomes
of infants who have confirmed CH as part of continuous quality improvement. More
work needs to be performed to understand why some are experiencing prolonged pe-
riods of hypothyroidism or infrequent lab monitoring. There should be a process for
identifying and supporting the management of infants whose thyroid hormone levels are
significantly abnormal.
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Abstract: A higher incidence of primary congenital hypothyroidism (CH) has been related to in-
creased sensitivity in neonatal screening tests. The benefit of treatment in mild cases remains a topic
of debate. We evaluated the impact of reducing the blood-spot TSH cut-off (b-TSH) from 10 (Group 2)
to 6 mIU/L (Group 1) in a public neonatal screening program. During the study period, 40% of
123 newborns with CH (n = 162,729; incidence = 1:1323) had b-TSH between 6 and 10 mIU/L. Group
1 patients had fewer clinical signs (p = 0.02), lower serum TSH (p < 0.01), and higher free T4 (p < 0.01)
compared to those in Group 2 at diagnosis. Reducing the b-TSH cut-off from 10 to 6 mIU/L increased
screening sensitivity, allowing a third of diagnoses, mainly mild cases, not being missed. However,
when evaluating the performances of b-TSH cut-offs (6, 7, 8, 9, and 10 mIU/L), the lower values
were associated with low positive predictive values (PPVs) and unacceptable increased recall rates
(0.57%) for a public health care program. A proposed strategy is to adopt a higher b-TSH cut-off
in the first sample and a lower one in the subsequent samples from the same child, which yields a
greater number of diagnoses with an acceptable PPV.

Keywords: congenital hypothyroidism; neonatal screening; cut-off; sensitivity

1. Introduction

Neonatal screening for congenital hypothyroidism (CH) is a milestone in the preven-
tion of severe neurological sequelae, enabling the timely identification and treatment of
affected newborns [1–3]. Immediately after screening was implemented, the incidence of
the disease increased from 1:6700 to approximately 1:3500 live births. In recent decades,
however, higher incidences have been reported, between 1:1400 and 1:3000, depending on
the region, ethnicity, and screening methods [1,2,4–7].

The reason for this increase is still debated. Longer survival of premature and low-
birthweight newborns, advanced maternal age, and ethnic changes in the population have
been suggested as contributing factors [7–10]. Nonetheless, a decreased thyroid-stimulating
hormone (TSH) cut-off at blood-spot screening (b-TSH) is considered the main factor for
the increased incidence [2,11–13]. This rise occurs primarily, but not exclusively, because of
the detection of mild cases with eutopic glands [4].

Treatment with levothyroxine for moderate to severe CH has unquestionable benefits.
However, the natural course of the disease and the need for treatment in mild cases are
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not fully understood [2,14–17]. This is one of the reasons why it is necessary to discuss
the need and impact of decreasing the b-TSH cut-off level in neonatal screening programs
for CH.

With this in mind, we evaluated the impact of b-TSH cut-off reduction on a government-
funded neonatal screening program for CH.

2. Materials and Methods

This universal prospective cohort study was conducted between November 2021 and
August 2022 in the Neonatal Screening Program funded by the Brazilian State of Minas
Gerais (PTN-MG, acronym in Portuguese).

Minas Gerais is the 4th largest (588,383 km2) and 2nd most populated Brazilian state,
with 853 municipalities. It is located in the south-eastern region of Brazil. Approximately
18,000–20,000 newborns are screened per month by the program.

The study was approved by the Research Ethics Committee of Universidade Federal
de Minas Gerais (CAAE 50311321.1.0000.5149), the parents or legal guardians received
relevant information and signed an informed consent form.

Before the study, the PTN-MG used the protocol established by the Brazilian Ministry
of Health to measure filter-paper bloodspot TSH (b-TSH) with a cut-off of 10 mIU/L.
During the study, the protocol for newborn screening was modified, and the cut-off value
for b-TSH was reduced from 10 mIU/L to 6 mIU/L.

The technical operation of the PTN-MG is carried out by the Núcleo de Ações e
Pesquisa em Apoio Diagnóstico (NUPAD) [Center for Diagnostic Support Action and
Research] of the Medical School of the Universidade Federal de Minas Gerais (FM-UFMG).
General management and coordination are performed by the Health Secretariat of the State
of Minas Gerais.

Bloodspots on filter paper (S&S 903®) are collected, between the third and fifth day of
life, at primary healthcare units (90%) or birth hospitals (10%), from newborns who were
not discharged by the fifth day due to relevant clinical conditions. There are 3744 collection
points. Samples are sent via the postal service to the referenced laboratory at Nupad, and
results are typically released within 24 h of sample receipt. Given the vast size of Minas
Gerais, the average transportation time from sampling to arrival at the laboratory may vary,
up to 5 days.

b-TSH is evaluated using the fluoroimmunoassay method (GSP Neonatal hTSH,
Turku, Finland) at the NUPAD laboratory. According to the protocol, children with
b-TSH ≥ 20 mIU/L were contacted by phone for an emergency appointment at the refer-
ence center to confirm the diagnosis. Those who presented borderline results (between
6 and 20 mIU/L) had a second sample immediately collected on a filter paper and were
referred to an appointment if the result remained ≥6 mIU/L (Figure 1).

Extreme preterm babies (children born at fewer than 32 weeks of gestation or weighing
less than 1500 g), newborns with hemodynamic instability, and those who received a
transfusion before sample collection for screening, who were at risk for a false-negative
result, underwent serial collections even if the first sample was normal (special protocols).
In such instances, bloodspots are repeated at 10 and 30 days of life or 10 days after a blood
transfusion. Newborns are closely monitored, with guidance provided to the local medical
team by the pediatric endocrinologists of the program through phone contact with NUPAD.

The first consultations are conducted by the PTN-MG team at the reference center
(Hospital das Clínicas—UFMG, in Belo Horizonte). Subsequent follow-up, including
quarterly assessments up to 3 years of age, is carried out collaboratively at both the
reference center and in the patient’s municipality of residence.

Diagnosis is confirmed based on serum TSH (s-TSH—reference values (RV): 0.69
to 8.55 μIU/mL) and free thyroxine levels (fT4—RV: 0.89 to 1.76 ng/dL) by means of
chemiluminescence immunometric assay (ICMA). Newborns with b-TSH between 6 and
<10 mIU/L underwent thyroid ultrasound by one single trained radiologist, with a reference
value for thyroid volume of 0.45 to 1.34 cm3 [18].
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Figure 1. PTN-MG flowchart for diagnosis of congenital hypothyroidism between November 2021
and August 2022. b-TSH: filter-paper blood-spot TSH; s-TSH: serum TSH; fT4: free T4; Trab: TSH
receptor autoantibodies; TPA: Thyroid Peroxidase Antibody; Tg: Thyroglobulin; RV: reference value.

The criteria used to confirm cases and initiate treatment were s-TSH ≥ 10 μIU/mL
and normal or low fT4 or borderline s-TSH (above the reference value, but lower than
10 μIU/mL) associated with low fT4. Patients diagnosed based on this last criterion were
assessed for central CH.

Patients presenting with s-TSH ≥ 10 μIU/mL and fT4 below the reference value were
classified as decompensated CH.

According to the sample size calculation, with 95% confidence, a minimum sample
size was established for 60 detected cases of CH and at least 150,000 negative tests.

The analyses were performed using software R 4.1.2 and IBM SPSS Statistics 26. A
significance level of 5% was considered for all the tests. Variables were verified for nor-
mality using the Kolmogorov–Smirnov or Shapiro–Wilk tests. Continuous variables were
characterized by medians, minimum and maximum values, and percentiles. Comparisons
between continuous variables were performed using the Kruskal–Wallis test with the
Bonferroni post-hoc test. Categorical variables were represented by their absolute values
and percentages and were compared using Pearson’s chi-square test. The incidence of
CH was calculated, as well as the recall rates for new sample collections and calls for
appointments in the period. The sensitivity and specificity of b-TSH cut-off values of 6, 7, 8,
9, and 10 mIU/L were used to create the ROC curve. Moreover, the respective positive and
negative predictive values (PPVs and NPVs) were calculated to compare the performance.
Patients who were screened using special protocols were excluded.

For clinical and laboratory comparisons, subjects referred for medical appointments
during the study period were divided into two groups, stratified according to b-TSH values
at first sampling: (1) newborns with b-TSH between 6 and <10 mIU/L and (2) newborns
with b-TSH ≥ 10 mIU/L.
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3. Results

During the study period, 162,729 newborns were screened in the PTN-MG, and 3070
by using special protocols. A total of 123 cases of CH were diagnosed and treated with
levothyroxine, and 50 of them were identified due to a change in the b-TSH cut-off (Figure 2).
The incidence for the cut-off of 6 mIU/L was 1 case for every 1323 newborns, whereas for
the cut-off of 10 mIU/L, it was 1:2229 in the study period.

Figure 2. Flowchart of cases of congenital hypothyroidism diagnosed between November 2021 and
August 2022 in Minas Gerais. b-TSH: filter-paper blood-spot TSH; CH: congenital hypothyroidism.
Normal screenings include subjects who had a normal first sample and those whose screening was
normalized in the second sample. False negatives: three confirmed cases diagnosed by clinical signs
in the period.

The recall rate was calculated for a b-TSH cutoff of 6 mIU/L. The recall rate for a
second sample of neonatal screenings was 0.57%, and for medical appointments was 0.08%.

The area under the ROC curve for the first sample was 0.999, with a 95% confidence in-
terval (95% CI) between 0.999 and 0.999; for the second sample, it was 0.991 (CI 0.986–0.996).
The projected performances for the different cut-offs are summarized in Table 1. All the
cut-offs assessed had adequate specificity and NPV. Lower cut-offs were related to better
sensitivity, but with a decrease in PPV and increase in recall rates.

Group 1 consisted of 50 patients, with 27.6% preterm children (<37 weeks of gestation)
and Group 2 had 58 patients, 20% premature. The prematurity rate did not differ signifi-
cantly between the groups (p = 0.378). Newborns called for a medical appointment showed
a median of b-TSH in the first neonatal screening sample of 7.44 mIU/L (Q1, 6.02; Q3, 9.91)
in Group 1, and of 39.88 mIU/L (Q1, 10.90; Q3, 313) in Group 2 (p < 0.01). First samples
were collected at a median age of 5 days for both groups. In the second sample, Group 1
had a b-TSH median of 9.53 mIU/L (Q1, 4.69; Q3, 24.34), at a median age of 14 days, and
Group 2, at 13 days, had a median of 21.40 mIU/L (Q1, 10.68; Q3, 77.46) (p < 0.01). Patients
with a b-TSH ≥ 20 mIU/L in the first sample were referred for emergency appointments.

In Group 1, 83% of patients showed at least one clinical sign of CH, such as prolonged
jaundice, dry skin, poor weight gain, large fontanelles, and cranial sutures, and 94%
in Group 2. Group 2 patients presented significantly more clinical signs than Group 1
(p = 0.02), even though they were assessed in a medical appointment earlier (median age of
16 vs. 25 days old).
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Table 1. Projected performance for different b-TSH cut-offs for congenital hypothyroidism in neonatal
screening between November 2021 and August 2022, in Minas Gerais State.

b-TSH Cut-Off (mIU/L)
for the 1st Sample
(n = 159,659)

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Recall Rate for
2nd Sample

6 100%
(100–100)

99.50%
(99.46–99.53)

11.87%
(11.71–12.03)

100.00%
(100–100) 0.57%

7 85.30%
(85.15–85.49)

99.70%
(99.67–99.73)

16.88%
(16.69–17.06)

99.99%
(99.99–99.99) 0.35%

8 78.90%
(78.7–79.1)

99.80%
(99.82–99.86)

24.93%
(24.72–25.14)

99.99%
(99.98–99.99) 0.22%

9 70.60%
(70.42–70.87)

99.90%
(99.89–99.92)

34.69%
(34.45–34.92)

99.98%
(99.97–99.99) 0.14%

10 64.20%
(63.99–64.46)

99.90%
(99.93–99.95)

41.42%
(41.18–41.66)

99.98%
(99.97–99.98) 0.11%

b-TSH cut-off (mIU/L)
for the 2nd sample
(n = 793)

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Recall Rate for
Appointment

6 98.20%
(97.33–99.16)

98.10%
(97.15–99.05)

80.00%
(77.22–82.78)

99.86%
(99.60–100) 0.08%

7 80.70%
(77.95–83.45)

98.10%
(97.15–99.05)

76.67%
(73.72–79.61)

98.50%
(97.65–99.35) 0.07%

8 73.70%
(68.80–75.06)

98.40%
(97.49–99.25)

77.36%
(74.45–80.27)

97.84%
(96.83–98.85) 0.07%

9 64.90%
(61.59–68.23)

98.90%
(98.19–99.63)

82.22%
(79.56–84.88)

97.33%
(96.20–98.45) 0.06%

10 59.60%
(56.23–63.06)

99.20%
(98.56–99.81)

85.00%
(82.51–87.49)

96.95%
(95.75–98.14) 0.06%

b-TSH: filter-paper blood-spot TSH; CI: confidence interval; PPV: positive predictive value; NPV: negative
predictive value.

Patients in Group 1 presented significantly lower levels of s-TSH and significantly
higher levels of fT4 than those in Group 2 (p < 0.001 for both analyses), as summarized
in Table 2. 21% of patients in Group 1 presented fT4 below the reference values used in
the program.

Table 2. Serum tests of congenital hypothyroidism newborns between 2021 and 2022 in Minas
Gerais State.

Serum TSH Free T4

Group 1
(b-TSH 6–9.9 mIU/L)

Group 2
(b-TSH >= 10 mIU/L)

Group 1
(b-TSH 6–9.9 mIU/L)

Group 2
(b-TSH >= 10 mIU/L)

Median 14.52 * 177.7 * 1.14 * 0.56 *

Minimum 10.08 10.4 0.40 0.10

Maximum 193.65 1370.0 2.54 1.68

25th percentile 11.72 47.81 0.93 0.27

75th percentile 27.62 394.55 1.37 0.99
b-TSH: filter-paper blood-spot TSH. Serum TSH: reference value = 0.69 to 8.55 μIU/mL; Free T4: reference
value = 0.89 to 1.76 ng/dL. Group 1: n = 50; Group 2: n = 58. * p < 0.001—Kruskal–Wallis test.

A total of 18 patients from Group 1 underwent thyroid ultrasound upon diagnosis:
three (16.7%) were suggestive of dysgenesis—two with hypoplasia, and one who showed
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hemiagenesis—and 15 (83.3%) were inconclusive—two with goiter and 13 with normal
thyroid. Patients in Group 2 did not undergo ultrasound at the time of diagnosis. All
patients in both groups will be re-evaluated at the age of 3 years with imaging tests after
temporarily discontinuing medication.

4. Discussion

The decrease in the b-TSH cut-off from 10 to 6 mIU/L represented a significant
increase in the test sensitivity, allowing the detection of more newborns with CH, but,
also, a high rate of false-positive cases. The unequivocal benefits of treating children
preemptively and reports of undiagnosed CH with current cut-offs of b-TSH have led many
newborn screening programs to reduce the thresholds, resulting in a higher incidence of
the disease [2,11–13].

The incidence of CH in Brazil ranges from 1:2500 to 1:4800 of live births with a b-TSH
cut-off of 10 mIU/L [19]. Similar to what was found by the present study, the incidence of
CH rises sharply to 1:950–1:1560 [20–22] in some states that reduced the cut-offs to 4.5 to
6 mIU/L.

The same have been reported in several parts of the world, with identification of mild
CH cases and reduction in percentage of dysgenetic glands [4,11].

In accordance with these reports, we observed a greater proportion of patients with
less severe conditions, with few or no symptoms and compatible laboratory findings.
Most patients assessed did not present anatomical abnormalities on thyroid ultrasound, a
frequent finding related to CH diagnoses with thyroid gland in situ after a reduction in
the cut-off points [4,11,16,23,24]. In a survey conducted at the PTN-MG between 2018 and
2019, with 44 children under the unchanged protocol, the proportion of newborns with a
thyroid with no anatomical alterations on ultrasound in the first appointment was 58%,
which is lower than the current findings.

However, more severe cases of CH have been reported with lower cut-off points, and
approximately 40% of patients with permanent and decompensated CH upon diagnosis
were found with b-TSH between 8 and 10 mIU/L [25].

We observed although most newborns in Group 1 presented mild laboratory alter-
ations, 21% of the sample presented decompensated CH, which is an unequivocal indication
for treatment in all consensus on the disease [1,3,26].

We show that if the cut-off of 10 mIU/L had been kept, 40% of newborns would not
have been diagnosed with the disease, which seems an unacceptable rate. A significant
number of children with transient or permanent CH being left undiagnosed using the
cut-off of 10 mIU/L (18%) led the authors suggesting a value of 6 mIU/L to be more
appropriate for the screening program in the United Kingdom [13].

On the other hand, a problem related to the reduction in the b-TSH cut-off is a great
number of children called for medical assessment.

Keeping higher cut-offs, as seen in some high income countries, can reduce the number
of false-positive results [27]. However, active vigilance and quality infant care must be
guaranteed to diagnose possible cases missed during screening. A Swedish study showed
that using a b-TSH cut-off of 15 mIU/L, 50% of detected CH cases had come back negative
during neonatal screening and were identified during pediatric care [28]. Taking care of
these children at the right time is certainly not possible in many regions.

There is no consensus on the ideal recall rate. Just as for the cut-off value, this rate
depends on several factors, such as the geographical coverage of the program, available
infrastructure, and financial resources, among others. The worldwide rate of calls for
medical appointments varies between 0.01% and 13.3%, depending on the adopted b-TSH
cut-off [29].

We observed the reduction in the b-TSH cut-off was associated with a 5.2-fold increase
in the rate of recall for a second sample, and as the result was normal for most children,
the rate of calls for appointments increased by 30%. This is an undesirable consequence.
Even if the second sample is collected close to the child’s residence and the local agents are
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trained to inform families about the need for recollection, there may be a negative impact.
Furthermore, potential extra cost may be imposed to the screening program, and should be
evaluated in the future.

A similar reduction, from 10 to 6 mIU/L in the United Kingdom, led the recall rate
to increase from 0.08% to 0.23% [12]. The recall rate increased in all reported programs
that implemented a reduction in the cut-off screening [30,31], up to 10 times [24,32]. High
recall rates represent higher costs for screening programs, in addition to a higher number of
healthy children undergoing needless exams and appointments, with a relevant emotional
impact for the patients and their families.

In the United States, costs incurred from repeated tests can reach up to USD 2 mil-
lion annually [29]; the burden can be expected to be bigger for disadvantaged popula-
tions. It is clear, however, that the lower the recall rate—without leaving sick children
undiagnosed—the better.

In addition to the costs, a definition of the appropriate cut-off point for a neonatal
screening program must consider the methods used; the median age of the newborns
during sample collection; ethnicity of the population and degree of iodine sufficiency; the
capacity to process the tests; the availability of specialized centers; and the socioeconomic
and cultural factors. This definition should aim for a sensitivity close to 100%, but without
overburdening the program with too many false-positive results.

Herein, the different cut-off points presented good specificity and a high NPV, which
were expected based on the low prevalence of CH in the population [29]. Therefore, sensi-
tivity and PPV assessments are more important for suitability analysis. Despite a higher
sensitivity of the 6 mIU/L cut-off in comparison to the 10 mIU/L, the low PPV in the
first sample—which generated over 88% of false-positive results—is not attractive to a
government-funded program. In Australia, reducing the cut-off from 15 to 8 mIU/L caused
the PPV to drop from 74.3% to 12.8% [32]. The same was reported in Brazilian regions—Rio
de Janeiro and Campinas—which showed false-positive results close to 90% [20,33].

We sought better results to enhance the rate of CH diagnosis without significantly
burdening the program or penalizing families. Analyzing the performances of the different
cut-offs, we found an intermediate value of 8 mIU/L was related to good sensitivity and a
PPV over two times higher than the cut-off of 6 mIU/L, which potentially makes it more
adequate for the first sample. Thus, we opted to adopt different thresholds for the first and
subsequent samples; 8 mIU/L for the first and 6 mIU/L for subsequent ones.

Although a higher prevalence of preterm infants could have been expected in Group 1,
the similar number of preterm newborns observed in both groups precludes any effect
of prematurity on the performance analysis of different b-TSH cut-off points, potentially
increasing false-negative results.

One strategy to enhance the effectiveness of screening programs is re-screening ex-
tremely preterm and very low birth weight infants to prevent overlooking delayed TSH
rise [1], and to reduce the recall rate for false-positive children with borderline results,
without delaying the assessment of urgent cases [34].

Another one is the use of lower cut-off points only for the second sample, when
recommended [34,35]. Decreasing the cut-off only in the second sample doubled the
incidence of newborns diagnosed with dyshormonogenesis and dysgenesis [16], and
allowed the diagnosis of 43.7% of CH cases in another report [36]. The use of these
lower cut-off points takes into consideration the physiological changes of thyroid function,
increase in TSH in the first 48 h after birth, and progressive decrease during the first
weeks of life. This strategy appeared to be the best choice for improving our program,
as the cut-off point of 6 mIU/L in the first sample resulted in an excessive number of
false positives, although its use in subsequent samples increased test sensitivity without
compromising PPV.

The disadvantages of using different cut-off points in the subsequent samples include
the additional complexity of the screening process, which requires different criteria to
interpret results according to the sample. This can increase the possibility of interpretation
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errors and demands more training of the healthcare professionals involved in the program.
To address this issue, the PTN-MG has a supportive team that receives periodic training.

The main objective of CH screening is to prevent intellectual deficit associated with
the disease. Therefore, the main argument of authors who are against reducing cut-off
points is that the benefit of treatment for very mild and subclinical cases—which comprise
the majority of cases that have been identified—is still under investigation. The results
obtained in the treatment of moderate to severe CH since screenings were implemented
should not be simply extrapolated [37,38]. Natural evolution studies have been conducted
to show the developmental impacts suffered by children with untreated mild CH, but
results are still conflicting. Some reports suggest differences in the neurodevelopment
of children with borderline b-TSH were not clinically relevant to recommend changes in
the cut-off [39–41], while others show that these children had an increased risk of poor
school performance, developmental changes, reduced memory span, and a higher chance
to develop special needs [42,43]. This assessment is complex since cognitive deficits can be
associated to multiple factors, including socioeconomic and environmental factors [44,45].

On the other hand, excessive treatment in CH patients appears to be linked to unfavor-
able cognitive outcomes [46–48]. There is still no consensus on this matter; further research
is needed.

The main limitation of this study is a potential underestimation of false-negative cases
since all patients with a neonatal b-TSH < 6 mIU/L were considered normal. Furthermore,
few patients underwent thyroid ultrasound. However, the sample size and rigorous
protocol are strengths supporting the results found are highly consistent.

5. Conclusions

There was an increase in the diagnosis of CH after reducing the b-TSH cut-off to
6 mIU/L, mainly attributed to the detection of children with mild cases. Maintaining a
cut-off of 10 mIU/L would have resulted in 40% of newborns with CH going undiagnosed,
which appears to be an unacceptable rate. Since the b-TSH cut-off of 6 mIU/L for the
first sample exhibited a very low PPV, an intermediate value of 8 mIU/L is proposed,
along with a threshold of 6 mIU/L for subsequent samples, to achieve the expected results.
Continuous longitudinal monitoring of newborn screening programs utilizing lower cut-off
points is essential to evaluate their efficacy over time.
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Abstract: Some preterm and sick neonates have altered biochemical profiles and follow-up newborn
screening (NBS) collections are recommended. The Victorian NBS program historically recommended
repeat collections for babies with birth weight < 1500 g (managed by the maternity service provider)
and 3 weeks post-transfusion (managed by the laboratory). We aimed to determine adherence to
current guidelines and review the guidelines to improve NBS performance. To do this, we audited
data from 348,584 babies between January 2018 and June 2022. Babies with a recorded birth weight
of <1500 g were filtered for inclusion. For the overall review and visualization of the protocol, we
sourced information from the literature, our professional society and tertiary hospital services. A
total of 2647 babies had a birth weight recorded between 200 and 1499 g. Of these, 2036 (77%) had
a second sample collected, indicating that >1 in 5 babies were not receiving a follow-up collection.
Our timing of repeat collections for transfused babies, requiring a 3-week follow-up collection, was
longer than in other Australasian jurisdictions. A new combined “sick–prem protocol” was launched
to support repeat collections and after a 1-year review achieved 95% compliance. We recommend
NBS laboratories audit preterm and sick neonate repeat collections to ensure appropriate follow-up.
This should be supported with a visual process map to aid education and compliance.

Keywords: prematurity; low birth weight; transfusion; sick neonate; quality indicators; congenital
hypothyroidism; transient hypothyroidism; congenital adrenal hyperplasia

1. Introduction

Low birth weight (LBW), preterm and sick neonates are a small but complicated
cohort for newborn screening (NBS) programs. They require additional consideration and
protocols to ensure they are appropriately screened [1,2]. The management of this cohort
in our jurisdiction (Victoria, Australia) has traditionally been by the maternity service
providers for the LBW babies following our repeat collection guideline, and for sick babies
requiring a blood (red blood cell) transfusion this was managed by the NBS laboratory team.
Some babies are both sick and LBW and this is complicated for the health care providers
in the ward and the laboratory. Clear guidance to facilitate repeat collections is therefore
needed. However, for this special cohort of neonates, there are gaps in evidence-based best
practices to inform the re-sampling requirements.

Neonatology is a young discipline that has developed in parallel over the same
period as NBS. Today neonatologists are very good at keeping preterm (20 to <37 weeks
gestation) babies alive. This cohort now makes up about 8.2% of births in Australia and
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globally ranges from 4 to 16% of all births. A subset of these includes very and extremely
preterm or LBW births [3,4]. This improvement in care coincides with the increased
number of preterm babies needing follow-up by NBS programs [3,5]. LBW (<2500 g) can be
caused by intrauterine growth restriction, prematurity or both, and therefore because LBW
considerably overlaps with preterm birth, and its measurement is generally considered
more reliable than gestational age (GA), it has been used as the primary decision point for
all preterm repeat collections in Australasia [6,7]. We note, though, that being born too
small is conceptually different from being born too early. Irrespective, it is the very preterm
(28 to < 32 weeks), extremely preterm (<28 weeks) and very LBW neonates that provide the
significant challenges for improving morbidity and interpreting laboratory test results. In
addition, the sick neonate who requires a transfusion of blood products further challenges
NBS programs to ensure false negative screening results do not occur.

Certainly, the smaller the baby, the more immature the organ systems are, and in
the case of the endocrine systems this can result in false-negative NBS results for thyroid
screening. Thyroid hormone levels are known to decrease in the first week of life and
probably reflect a transient depletion of thyroid hormone reserves. This nadir is more
pronounced in preterm neonates, especially in infants <30 weeks gestation [8]. This also
coincides with an immature hypothalamic–pituitary axis where the ability to produce TSH
in response to low T4 and T3 is blunted [9]. As such, the first measurement of TSH in the
usual timeframe of 48–72 h of life may miss cases of congenital hypothyroidism (i.e., false
negative); and conversely, if thyroxine is the first tier measurement, false positive cases
may occur [10]. Likewise, preterm babies have a persistent fetal adrenal zone and therefore
some also require a follow-up collection when screening for congenital adrenal hyperplasia
(CAH) [11,12]. Hence the need and routine recommendation for repeat collection(s) in
these instances.

With the introduction of an increased number of conditions into NBS programs glob-
ally, the complexities of managing the preterm and sick neonates across all conditions
are challenging. Recently we introduced CAH screening, with other conditions planned
for introduction in quick succession [13]. With more conditions come some compromises
in timing of repeat collections to avoid excess sample collections and iatrogenic anemia.
Given the complexities involved, we had previously received requests from our maternity
service providers for a visualization of the repeat collection cascade for preterm and sick
neonates. Hence, it was timely to review (audit) our processes and ideally set up a system
to manage repeat collections for preterm and sick neonates that was robust, evidence-based
and harmonized with other Australasian programs.

We therefore aimed to (a) determine adherence to our current guidelines; and (b) re-
view and revise (if required) the guidelines with visualization to improve NBS performance.

2. Materials and Methods

2.1. Victorian NBS Process at Time of Audit Initiation

The Victorian Newborn Screening program services approximately 80,000 babies born
annually. On arrival at the laboratory, one 3.2 mm spot is punched from the card for each
first-tier assay. Commercial kits are run for TSH, 17 hydroxy progesterone (17OHP) and
immunoreactive trypsin (IRT) on the Genetic Screening Processor (GSP®) from Revvity
(Turku, Finland). The first-tier metabolic screening of amino acids and acyl carnitines is run
by an in-house method on Waters Xevo mass spectrometry instruments. Spinal muscular
atrophy (SMA) and severe combined immunodeficiency (SCID) by a hyper-automated
PCR procedure were being prepared for introduction in 2023. Other conditions planned for
implementation are galactosemia, X-linked adrenoleukodystrophy and sickle cell disease
screening in 2024, 2025 and 2026, respectively.

At the time of the audit (in 2022), the Victorian NBS program collection guideline
recommended routine collections for:
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• All babies—between 48 and 72 h of life. From 2020, i.e., the start of the COVID-
19 pandemic, samples were accepted down to 36 h of age without the need for a
repeat collection.

• Low birthweight babies—babies with a birth weight < 1500 g required a regular col-
lection and then a follow-up collection at 2 weeks (1000–<1500 g at birth) or 3 weeks
(<1000 g at birth) of age. Organization of the repeat samples was managed indepen-
dently by the maternity service provider without prompting from the NBS laboratory.
The NBS laboratory was only involved as needed to prompt follow-up of borderline
or screen positive results. Therefore, if the repeat collection did not happen because
it was missed by the maternity service provider, the NBS lab did not have a role in
recognizing this.

• Transfused neonates—babies who received any form of transfusion prior to the routine
NBS collection, required an early sample (pre-transfusion), a 48 h post-transfusion,
plus a 3-weeks post-transfusion. These repeat collections were managed by the NBS
laboratory; i.e., where electronic letters were sent out to remind providers to perform
the repeat collection and follow-up of outstanding samples.

2.2. Audit of Repeat Collection Guideline for Preterm Neonates

Babies with first samples received between January 2018 and June 2022 were included
in the review. Babies with a recorded birth weight of <1500 g were filtered for inclusion as
the denominator and the number of these babies that had more than one dried blood spot
(DBS) collection was used as the numerator to give a percentage of preterm babies with
a follow-up collection. As this was a quality improvement audit and part of the routine
continual improvement management practices of the NBS program, ethical approval was
not required.

2.3. Review of Evidence and Harmonization

For the overall review and visualization of the protocol, we sourced information from
the literature and professional bodies.

• The USA’s Clinical Laboratory Standards Institute (CLSI) document NBS03 was exten-
sively reviewed as part of the literature and review looking for their recommendations
and the evidence to support this [1].

• The Human Genetics Society of Australasia NBS Committee was the professional
body consulted, and each of the five other jurisdictions was asked (1) what their
current recommendations were for preterm and transfused neonates, and (2) what is
the evidence for their recommendation [14]?

• The World Health Organization definitions for low birthweight [15] and prematu-
rity [16] were used to compare with other recommendations—Table 1.

Table 1. WHO definitions for low birthweight [15] and prematurity [16].

Birthweight (BW) Preterm (PT) by Gestational Age (GA)

• Low BW < 2500 g
• Very Low BW < 1500 g
• Extremely Low BW < 1000 g

• Moderate or late PT 32–<37 weeks
• Very PT 28–<32 weeks
• Extremely PT < 28 weeks

2.4. New Protocol Design

The initial protocol design was performed in Microsoft PowerPoint, with changes
recorded as new individual slides with dates and reason for change noted. Input was also
invited from Victorian tertiary hospital services that had special care nurseries.

2.5. One Year On—Review of Impact of New Protocol

One year of data (May 2023 to April 2024) was retrieved from our laboratory infor-
mation management system to review whether the change to the preterm protocol had
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resulted in improved second sample collection. Qualitative feedback was sought from the
laboratory team on the effect of this change on their work. Anecdotal feedback was sought
from the maternity service providers via our NBS Educator and review of our management
system for instances of non-compliance.

2.6. Statistical Analysis

The patient data were exported from our laboratory information system into a CSV
file in Microsoft Excel. Data were sorted based on birth weight (and gestational age for the
updated SP protocol only) for inclusion and a simple count was performed to show if these
babies had received at least a second collection. Descriptive calculations were performed
in Microsoft Excel and Stata-18.0. Q-Pulse (Ideagen, Nottinghamshire, UK) was used to
manage the audit.

3. Results

3.1. Audit of Current Repeat Collection Guideline for Preterm Neonates

A total of 348,584 NBS babies were screened between January 2018 and June 2022. Of
these, 2647 babies had a birth weight recorded between 200 and 1499 g. From this subset,
2036 (77%) had a second sample collected, indicating that >1 in 5 babies were not receiving
a follow-up collection.

3.2. Review of Evidence and Harmonization

The CLSI document was extensively reviewed, and this provided some recommen-
dations for repeat collections. This included that transfusions were specifically whole
blood transfusions and that extra corporeal membrane oxygenation (ECMO) babies should
be included [1]. Representative(s) from all six Australasian jurisdictions were present at
the HGSA Newborn Screening Committee meeting and responded to the questions that
formed the information provided regarding the transfusion protocol. The information on
LBW repeat collections was previously collated as part of a publication on harmonization
of congenital hypothyroidism screening [7] (Table 2).

The consensus was that the evidence for the collection time frame for transfusions
was not clear. Our Victorian time of repeat collections for transfused babies, requiring a
3-week follow-up collection, was longer than that in other Australasian jurisdictions, i.e.,
ours was at 3 weeks whereas others were either 1 or 2 weeks post-transfusion.

Table 2. Comparison of time of repeat collection guideline per jurisdiction for preterm and sick
neonates 1. Note: all jurisdictions recommended a pre-transfusion sample for affected babies.

Jurisdiction Preterm—Second Sample, Adapted from [7]
Post-Transfusion

Sample

NSW • <1500 g or <30/40 weeks repeat at one month 48 h + 2 weeks
QLD • <1500 g repeat screen 14 days

• <1000 g repeat screen again 28 days
48 h + 2 weeks

SA • <1500 g repeat at 10 days and again at 30 days
(or at discharge)

1 week

VIC • 1000–<1500 g repeat at 2 weeks
• <1000 g repeat at 3 weeks

48 h + 3 weeks

WA • ≤1500 g repeat screen 14 days
• ≤1000 g repeat screen again 28 days

48 h

NZ • ≤1500 g repeat screen 14 days
• ≤1000 g repeat screen again 28 days

1 week

CLSI 2009 [1] * • <34 weeks GA or <2000 g repeat screen for
thyroid and CAH and other unresolved tests
at 28 days of age

120 days *
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Table 2. Cont.

Jurisdiction Preterm—Second Sample, Adapted from [7]
Post-Transfusion

Sample

AAP 2023 [2] ** • <32 weeks GA or <1500 g repeat screen for
thyroid at 2–4 weeks of age

• Plus, further follow-up if baby has not reached
36 weeks corrected GA at time of
second sample

2–4 weeks of age

1 HGSA meeting discussion—v3 new protocol and comparison—meeting 2 March 2023. The five jurisdictions in
Australia are New South Wales (NSW), Queensland (QLD), South Australia (SA), Victoria (VIC), and Western
Australia (WA). There is only one screening service for New Zealand (NZ). * This recommendation considers an
extended screening panel that includes hemoglobinopathies. ** Recommendations specific for thyroid screening,
published post our audit.

3.3. New Sick–Prem (SP) Protocol

A new combined “sick–prem protocol” was launched (17 April 2023) to support
repeat collections (see Figure 1). Under this protocol, all sick and preterm neonatal repeat
collections are now managed by the NBS laboratory. At the time of data entry, any sample
that meets the criteria has an “SP” flag added to the sample. For transfusions, the SP flag is
added, and we also add the specific transfusion flag “Tx”. This initiates an electronic repeat
collection letter to be generated and sent from the laboratory information management
system. Follow-up reminder letters are also scheduled using this electronic process. If
a repeat collection sample is not received, our NBS nurse educator phones the relevant
maternity service provider to follow up. For the preterm neonates, the NBS laboratory
closes the repeat collection request (for babies with screen negative results) once a sample
has been received by at least 3 weeks postnatal age. With this new protocol, it was decided
to advise maternity service providers of this broader timeline of 36 to 72 h for routine
collections as part of the updated collection guideline [17].

3.4. Adherence to New SP Protocol

In the year from May 2023 to April 2024 inclusive, 76,403 babies were screened. Of
these, 668 babies (0.9%) had a recorded birth weight (BW) and/or gestational age (GA) that
met the SP criteria (Table 3).

Table 3. One-year follow-up audit of SP protocol (May 2023 to April 2024) showing the n = 668 babies
who met the inclusion criteria of GA < 32 weeks and/or BW < 1500 g. Data are shown divided into
specific subsets of the inclusion criteria to demonstrate the makeup of this cohort. Overall, 95% had a
second sample collected.

SP Criteria
First

Sample
Second
Sample

Percentage of
Second Samples

GA < 32 weeks 566 546 96%
BW < 1500 g 635 606 95%

Both BW and GA 523 507 97%
GA < 32 weeks and no BW 4 N/A N/A

BW < 1500 g and no GA 333 N/A N/A
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Figure 1. Revised newborn screening visual process map for sick and preterm neonates in Victoria
Australia; effective from Monday 17 April 2023. Follow-up collections occur outside of this protocol
for NBS results deemed screen-positive, i.e., requiring a re-collection or referral to a clinical team.

This had a small organizational impact on the newborn screening program delivery
for this small number (<1%) of babies. The organization impact tool allows an assessment
of the impact of the change on other aspects of the process and includes here the impact
on the baby, the changes to reporting processes and the workload for the various teams
involved in NBS from collection through to the clinical follow-up. Details on organizational
impact can be found at [18] (Figure 2).
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Figure 2. Organizational impact of SP protocol—protocol live from Monday 17 April 2023 [18]. We
estimated about 160 babies in our jurisdiction received the additional collection over the 12-month
follow-up audit period (May 2023 to April 2024).

4. Discussion

With the introduction of an increased number of conditions, and requests for a flow-
diagram visualization of a combined protocol for preterm and sick neonates, we looked to
undertake a full review of our current processes. This led to the successful introduction of
our new sick–prem (SP) protocol, which is provided in Figure 1. The successful completion
of our preterm and sick repeat collection audit has resulted in improved and clearer
processes for the management of this cohort. This is supported by the increase in the
previous 76% adherence to now achieving 95% collection of second samples in this cohort.
It also demonstrates the importance of data-driven review for continuous improvement.

Screening for primary congenital hypothyroidism commenced in Victoria and all
of Australasia in the 1970s [7,19–21]. At this time, the mortality for extremely preterm
infants was high; however, with subsequent improvements in survival, consideration
turned to improving morbidity and studies of thyroid function demonstrated differences
in preterm infants compared to full-term neonates [10]. In preterm neonates, thyroxine
levels are known to decrease in the first few weeks of life and the difference between
preterm and full-term neonates persists until 30–49 days postnatally [22]. In a study of
preterm neonates <30 weeks gestation conducted by our group a decade ago, we confirmed
that serum-free thyroxine levels were as low as <2.6 pmol/L for the first 28 days with
the nadir at 7 days. We also identified differences in the thyroid hormone concentration
in the younger (23–26 weeks) compared to the older (27–29 weeks) preterm babies; i.e.,
fT4 levels were significantly lower in the younger group compared to the older preterm
neonates [23]. Furthermore, the condition of transient hypothyroxinemia of prematurity
(THOP) is now established and affects infants born at less than 30 weeks gestation. THOP
is characterized by an initial rise in T4 at 24 h post-birth followed by a decline compared to
cord blood levels with a nadir at 7 days of age, and TSH secretion at this time sees a return
of T4 levels; however, in the sickest preterm neonates, this 24 h surge is often absent. An
association also exists between THOP and adverse outcomes among the preterm neonates
and this association is strongest for babies born at less than 28 weeks gestation [22]. We
compared this combined evidence with the CLSI recommendations for timing of follow-up
collection “at 28 days of age or discharge, whichever comes first” [1]. This CLSI advice
was the basis of our timing for follow-up collections in our preterm algorithm given the
research-based evidence found on the time the thyroid axis typically starts behaving as
expected for a full-term neonate. Following the update of our protocol, the AAP guideline
for CH screening was released and it is concordant with our decision of retesting babies
who at birth were <1500 g and/or <32 weeks GA [2].
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Very or extremely low birth weight has been used as the decision point for our
program, but some other programs also include gestational age-related decision points.
On reviewing the CLSI guideline cutoffs of 2000 g and 34 weeks for rescreening of thyroid
panel and CAH, we noted these did not coincide with the definitions of the WHO [1,15,16].
Across Australasia, repeat screening is harmonized to babies with a birthweight of <1500 g,
which is consistent with others [2,7,24]. With a view to staying harmonized with other
Australasian NBS programs, and consistent with current neonatal definitions, we decided
to stay with the <1500 g cut point for the routine repeat collection [15]. However, during
the audit, we noted a few babies who had a GA recorded without a birthweight and given
the recommendation in the CLSI guideline to include GA, we added a GA < 32 weeks for
follow-up collection; i.e., the WHO cut point for very preterm [16]. The addition of GA
only captured an extra 5% of babies and therefore the inclusion of this extra parameter does
not significantly influence the number of repeat collections required. Overall, our decisions
here are around harmonization as the evidence for appropriate cut points becomes a
compromise between all the conditions screened and clinical risk.

The evidence around the decision and timing to recollect for transfusions was scant.
In our jurisdiction, we had been performing a transfusion protocol for all babies that had
had any form of transfusion. On reviewing the CLSI guideline, the focus was on red
blood cell (RBC) transfusions and extracorporeal life support (ECLS), indicating that a
RBC transfusion invalidates multiple tests for newborn screening [1]. Hence, using the
advice in this guideline, we pulled back to only requesting transfusion repeat collections
related to babies who had received RBC or ECLS. We then consulted with the HGSA NBS
Committee on the rationale for repeat collections, especially timing, and we found our
practice extended longer than in other jurisdictions, and while there was limited evidence
provided for the timing of follow-up collections, we moved to harmonize with the other
jurisdictions in Australasia and changed from 3 weeks to 1 week post-transfusion for a
follow-up collection. We note, however, that further transfusion-related repeat collections
may need to be considered in association with the proposed introduction of sickle cell
screening [25].

The change to the timing of collection was implemented at the start of the COVID-19
pandemic in 2020 and formalized for all babies as part of this SP introduction [26]. This was
carried out in the background using evidence from New Zealand and Western Australia.
The aim of this change was to screen the babies before leaving the hospital. Overall, our
data indicates that results in the window of 36–72 h are consistent with the traditional
window of 48–72 h, and with the trend of earlier discharge from hospital this change has
been seen as an advantage to the maternity service providers’ workflow. Notably, other
programs in Australasia have a similar expanded window, but continue to state 48–72 h on
their information [7]. Advertising this change did result in feedback related to the hospital’s
ability to be agile with updating in-house documentation (which stated 48–72 h), but as
this timeframe was only extended, the hospital’s documentation could be updated with
the next review cycle.

There were a few limitations to this study and protocol review. The first one relates
to the design of the original preterm baby second collection review, which looked at
only the receipt of a second collection and not the actual timing of the second sample.
This could mean that the overall adherence rate could be lower than the 76% of babies
identified in this study. The second limitation relates to the unknown survival rate of
this cohort, and this may have influenced the repeat collection numbers. Finally, while
this review was performed in conjunction with the implementation of CAH screening,
the information provided in the CLSI guideline recommended 4 weeks post-birth for a
follow-up collection. However, it is well established that the fetal adrenal gland persists
until at least the equivalent of term despite early delivery. Hence, 4 weeks for extreme
preterm neonates will not approach this milestone of full-term equivalent at 4 weeks of
age and the evidence of ontogeny suggests that a longer time period for follow-up may be
warranted. To date, given the rate of classical CAH approximates 1:15,000 and all pre-terms
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make up 8.2% of births, we have not yet identified a preterm baby with CAH and such
babies identified should inform future practice. In the absence of evidence, harmonization
of practice is the best we can achieve to ensure all babies, irrespective of the jurisdiction,
receive the same care.

Overall, the implementation of this preterm protocol has led to a significant change
that has in turn impacted the organization of our NBS program. In the pre-analytical
phase, the higher compliance with repeat collections indicates successful integration of the
new protocol across maternity provider services in our jurisdiction. The higher workload
involved for staff who perform the repeat tests is not new, however, rather more consistently
recognized and completed compared to pre-2023. However, the NBS laboratory team now
need to manage and follow up the maternity service providers that fail to send in a timely
repeat collection, and this has added to the overall workload. Post-analytically, more babies
are likely to be referred and so the clinical teams will potentially be assessing more babies,
but the sample size is too small to adequately review the impact currently. The benefit
to the baby in doing more good than harm is paramount for our NBS program and the
design of the SP protocol process map allows for easy change as we continue to review our
processes and impact into the future.

5. Conclusions

We recommend NBS laboratories audit preterm and sick neonate repeat collections to
ensure appropriate follow-up of babies. This should be supported with a visual process
map to aid education and compliance.
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Abstract: Congenital hypothyroidism (CH) is a critical condition in infancy where early
detection is vital for optimal development. This study aimed to evaluate the sensitivity
of Aotearoa New Zealand’s Newborn Metabolic Screening “Low Birth Weight” protocol
for detecting CH in preterm infants. A 10-year audit was conducted on 2935 preterm
infants (<2000 g or ≤34 weeks gestation) screened within NICUs or SCBUs in the Auckland
region. The study assessed both screen-detected and clinically detected cases of CH.
Data were collected from screening and clinical records to evaluate the sensitivity and
reliability of the current protocol. The audit identified 19 cases of primary CH, with
a 1:154 incidence. Thirteen cases met the criteria for inclusion in the audit. Just over
half of the eligible cases (7/13) were screen-detected, while the remaining were detected
clinically, suggesting limitations in screening sensitivity. The analysis revealed that the
protocol missed permanent as well as transient cases, and that biochemical severity was not
predictive of permanence. A revised screening protocol was developed and commenced in
July 2024.

Keywords: congenital hypothyroidism; preterm; screening; newborn screening; low
birth weight

1. Introduction

Primary congenital hypothyroidism (CH) is the most common disorder detected on
newborn metabolic (bloodspot) screening and a common preventable cause of intellectual
disability worldwide [1–3]. Primary CH causes thyroid hormone deficiency due to an
absent, ectopic, or under-functioning thyroid gland. While the overall incidence of CH
is approximately 1:2000, it is much higher among preterm infants, with reported rates
ranging from 1:100 to 1:150 in very preterm infants [2,4–8]. Whilst CH in preterm babies is
frequently transient, a significant proportion of preterm infants have permanent CH [7]
and thyroid-stimulating hormone (TSH) concentrations at diagnosis do not appear to be
a reliable predictor of permanence [9]. The aetiology of the increased frequency of CH in
preterm infants remains unclear but is hypothesised to be due to several factors, including
immaturity of the hypothalamic–pituitary–thyroid axis, medications (steroids, dopamine),
non-thyroidal illness (e.g., respiratory distress syndrome), and iodine deficiency [5,8,10,11].
The maturation of thyroid function in preterm infants differs from that of term infants,
necessitating a revised screening protocol in this population, which is discussed in detail
elsewhere [7,8].
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In Aotearoa New Zealand, nearly 8% of infants are born preterm (before 37 weeks of
gestation) [12]. Prematurity is the most common reason for admission to a level III neonatal
unit, with very preterm babies (<32 weeks gestation) accounting for 25–30% of admissions.
Māori and Pasifika infants are over-represented in the level III neonatal unit, making up
21.3% and 11.8% of admitted infants, respectively, compared to their proportion of 16.5%
and 8.5% in the general population [13,14].

Over the past decade, screening programmes have become increasingly aware that
preterm infants with CH are likely to have normal initial screening results due to a delayed
rise in TSH concentrations [15,16]. To improve the reliability of CH screening, the New
Zealand screening programme introduced a protocol (‘the Low Birth Weight (LBW) pro-
tocol’) for repeat sample collection from low birth weight (<1500 g) infants in 2007. All
participating infants had their first screening sample at 48–72 h of age, infants with a low
birth weight of <1500 g had a second screening sample at 14 days of age, and extremely
low birth weight infants (<1000 g) had a third screening sample at 28 days of age. De-
spite over 10 years of experience, the performance of the LBW protocol has never been
comprehensively evaluated.

Our objective was to evaluate the screening sensitivity of this protocol by auditing
both the screening and clinically detected primary CH diagnoses in preterm infants in
the Auckland region over a 10-year period. Other aspects such as screening specificity,
aetiology, and disease severity were out of the scope of this study.

2. Materials and Methods

2.1. Aotearoa New Zealand Newborn Metabolic Screening Process for Low Birth Weight Infants
(<1500 g) During Audit Timeframe

Approximately 60,000 infants undergo Newborn Metabolic Screening in New Zealand
each year, with very high (>99%) population coverage. Infants born with a birth weight
of less than 1500 g followed the “Low Birth Weight Protocol”, with approximately 500 in-
fants screened nationwide under this protocol annually. The protocol included an initial
screening at 48–72 h, a second at 14 days for infants <1500 g, and a third sample at 28 days
for those born <1000 g (see Figure 1) [17]. Blood samples were collected onto specialised
collection paper and sent to the single national screening laboratory at LabPlus, Auck-
land, New Zealand. Screening samples were analysed for markers of a full metabolic
screening panel [17], including whole blood TSH concentration via AutoDELPHIA (Perkin-
Elmer, now Revvity). Results were reported on the next working day after the sample was
received.

Figure 1. New Zealand newborn screening algorithm for congenital hypothyroidism during audit
timeframe; BW = birth weight.
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Elevated TSH results prompt notification to the responsible neonatologist for serum
thyroid function tests. TSH thresholds for screening vary by postnatal age due to the
physiological TSH surge immediately after birth, which rapidly declines over the first few
days of life (Table 1).

Table 1. Newborn screening TSH thresholds during the audit timeframe.

Protocol prior to 1 January 2013:

TSH < 15 mIU/L = Normal
TSH ≥ 15 mIU/L = Follow-up specimen
required

Protocol from 1 January 2013:

Age ≤ 14 days:
TSH < 15 mIU/L = Normal
TSH ≥ 15 mIU/L = Follow-up specimen
required

Age > 14 days:
TSH < 8 mIU/L = Normal
TSH ≥ 8 mIU/L = Follow-up specimen
required

Blood spot TSH thresholds are given in whole blood units. A conversion factor of 2.2 is
typically used to estimate serum units, based on an assumed haematocrit of 0.55. However,
preterm and low birth weight infants often have much lower haematocrits, which can result
in falsely elevated TSH results when using this standard conversion [18]. Thresholds have
since been adjusted further due to changes in the assay used and refinement of thresholds
by postnatal age.

2.2. Audit Methodology

The Auckland region has a population of 1.5 million people, with an annual birth
rate of approximately 22,000 live births per year [14,19]. Very preterm infants are cared
for at two neonatal intensive care units and one special care baby unit across the region,
providing level III and level II care, respectively. Starship Child Health provides a single
regional referral service for infants and children with endocrine conditions, including CH.

Infants participating in newborn screening born at or before 34 weeks of gestation
(<34 + 1) with a birth weight of <2000 g in the Auckland region between 1 January 2009
and 31 December 2018 were included in the audit. Non-Auckland residents, those born
>34 weeks gestation, and any infants who died during their admission were excluded from
the audit. Gestational age and birth weight parameters were wider than standard preterm
screening criteria (<32 weeks gestational age and/or <1500 g birth weight) to assess if
standard parameters were adequately detecting affected infants.

Infants with screen-detected CH were identified from newborn screening records.
The Starship Child Health Paediatric Endocrinology Department’s Thyroid Clinic patient
database was cross-referenced against the newborn screening database to identify addi-
tional infants being followed up for CH that were not identified by screening.

Data extraction was performed by the laboratories at each hospital site to identify any
infant born at <34 + 1/40 gestation within the audit timeframe at all sites that ever had
serum thyroid function tests performed during their admission. Any infant with a serum
TSH of ≥10 mU/L at any time was cross-referenced with the newborn screening data,
Clinical Portal, and the Starship Paediatric Endocrinology Department’s patient database
to identify any remaining infants with congenital hypothyroidism that were not detected
by screening and lost to follow-up by the local service. The threshold of 10 mU/L for serum
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TSH was selected as a consensus, as infants with a TSH persistently above this level should
be investigated further, if not initiated on levothyroxine supplementation [20].

Clinical data for each identified infant were examined manually to evaluate the type
and magnitude of thyroid dysfunction, method of diagnosis, investigations, co-morbidities,
exposure to intravenous contrast or topical antiseptics containing iodine, type and duration
of treatment, and outcomes.

For the purpose of the audit, a case was defined as an infant with biochemical results
supporting a diagnosis of primary congenital hypothyroidism (persistently elevated TSH
concentration) and was initiated on thyroxine treatment. Severe cases were defined as
serum TSH level ≥ 50 mIU/L in diagnostic testing, and moderate CH was defined as
a serum TSH level ≥ 20 mIU/L. Infants treated with thyroxine due to sick euthyroid
or central hypothyroidism were excluded from the audit, as these conditions are not
targeted through our newborn screening approach. We defined “clinically detected” as
cases detected through serum thyroid function tests and unscheduled screening cards that
would not have otherwise been detected by the screening programme protocol.

2.3. Statistical Analysis

All patient data were collated in a CSV sheet in Microsoft Excel. Data were sorted
by confirmed diagnosis of CH and the detection method. A simple count was performed
to identify infants detected by screening compared to infants detected clinically. Each
individual data set was then examined manually to describe characteristics of cases.

3. Results

An audit indicates that 2935 babies weighing less than 2000 g or born at 34 weeks
gestation or earlier were screened in NICUs or SCBUs in the Auckland region. Nineteen
cases of primary CH were identified, leading to a CH incidence of 1 in 154.

Complete data were available in 13/19 cases, which formed the basis of our audit.
These cases are summarised in Table 2. Just over half the CH cases (7/13) were screen-
detected, and the remainder (6/13) were clinically detected, indicating limited sensitivity
of the current screening approach. An additional six cases of primary CH (four screen-
detected and two clinically detected) were excluded from the audit due to living outside
of the Auckland region and having incomplete data available for review. No additional
cases were identified by cross-referencing regional laboratory results or from the paediatric
endocrinology patient database.
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All screen-detected cases were identified from samples collected at 2 or 4 weeks,
following normal bloodspot TSH concentrations at 48–72 h. The majority of CH cases
had biochemically moderate to severe thyroid disease (TSH ≥ 20 mIU/L to ≥50 mIU/L,
respectively) at presentation. Most cases (10/13) had transient disease and were able
to cease thyroxine replacement between 2 and 3 years of age. Biochemical severity at
diagnosis was not predictive of permanent disease. None of the cases had been exposed to
intravenous contrast.

Clinically detected cases were typically older and had milder biochemical disease
at detection than screen-detected cases. The reasons for clinical detection were varied
and included additional unscheduled screening cards, primary CH incidentally detected
through pituitary function testing, investigation of dysmorphisms, and feeding problems.
As with screen-detected cases, biochemical severity was not predictive of permanent
disease.

4. Discussion

The goal of newborn metabolic screening is to facilitate better outcomes through the
early identification of congenital disorders. It is not possible to detect all cases through
screening, and there are numerous factors (e.g., prematurity, intravenous nutrition, transfu-
sions) that can increase the likelihood of false-negative and false-positive screen results in
NICU babies. Newborn screening has been adapted to better suit the NICU population
through the introduction of additional samples and modified analyte thresholds. The
global consensus supports repeat testing for low-birth-weight infants; however, there is no
agreed-upon schedule for the timing of the samples, and it varies around the world. The
main arguments for and against repeated testing balance early detection and treatment
versus the cost of extra testing and potentially unnecessary subsequent clinical intervention.

Repeat screening sample collections in NICU babies can increase disorder detection
and reduce referrals for diagnostic testing. For preterm and low-birth-weight infants in
New Zealand, a complete “newborn screen” is considered a series of related tests, rather
than a combination of two or three individual screens. Collection algorithms are designed
to be simple enough to follow, as the screening programme is unable to send reminders,
and it is assumed that all expected bloodspot samples will be received. The previous
protocol was based on low birth weight (<1500 g) as a proxy for prematurity, as when
discussed in 2007, this was felt to be a more objective, readily available measure. However,
combined birth weight and gestational age criteria are commonly utilised in existing NICU
protocols, suggesting that gestational age could similarly be incorporated into the metabolic
(bloodspot) screening protocol. Victoria, Australia, recently amended their preterm and
sick infant protocol and added gestational age <32 weeks and/or birth weight <1500 g.
The addition of gestational age captured an extra 5% of infants and is felt not to have a
significant influence on the number of repeat samples required [21].

As expected, we observed a greater than 10-fold higher incidence of primary CH in
very preterm babies compared with the overall population, and very poor reliability of the
initial sample in detecting CH. It was reassuring to note that the most severe cases (TSH
≥ 50 mIU/L) were screen-detected through the current protocol, as a result of samples
collected at either 2 or 4 weeks postnatally. A cluster of cases in very preterm babies who
were just under or above the 1500 g birth weight threshold suggested that reliability may
be increased by incorporating gestational age as an ‘and/or’ criteria with birth weight (i.e.,
a protocol for re-collection in babies <32/40 and/or <1500 g), without the need to increase
the weight cut-off. Of concern, several clinically detected permanent and/or biochemically
moderate CH cases (TSH ≥ 20 mIU/L) were associated with a TSH rise which occurred
later than the final screening sample, but prior to NICU discharge. Although the increased
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number of screen-detected cases cannot reliably be predicted, this suggests that screen
detection of persistent or permanent CH would be improved by the addition of a final
pre-discharge screening sample.

It is accepted that many preterm infants will have TSH blood concentrations within
range on their initial screening test at 48–72 h of age, regardless of underlying congenital
thyroid defects [15,22]. Due to the delayed TSH elevation in preterm infants, many pro-
grammes worldwide do additional screening in this group. There is no consensus on the
optimal timing of repeat screening sample collection. Our New Zealand Low Birth Weight
re-collection guideline was largely consistent with Australian programmes [2], but involves
fewer re-collections than other countries (Table 3).

Table 3. Comparison of international newborn screening protocols.

State or Country First Sample Second Sample Third Sample

Aotearoa New
Zealand [17] 48–72 h 14 days if BW < 1500 g 28 days if BW < 1000 g

Queensland, Australia [2] 48–72 h 14 days if BW < 1500 g 28 days if BW < 1000 g

Western Australia,
Australia [2] 48–72 h 14 days if BW < 1500 g 28 days if BW < 1000 g

South Australia,
Australia [2] At or near 48 h 10 days if BW < 1500 g 30 days or discharge if

BW < 1500 g

Victoria, Australia [2,21] 36–72 h 4 weeks or discharge if BW
< 1500 g or GA < 32 weeks

New South Wales,
Australia [2] 48–72 h 1 month if BW < 1500 g or

GA < 30 weeks

British Columbia,
Canada [23] 24–48 h 21 days or day of discharge

if BW < 1500 g

United Kingdom [24] 5 days 28 days or day of discharge
if GA < 32 weeks

Wisconsin, USA [15] 24–48 h 14 days if BW < 2000 g or
GA < 34 weeks 30 days for all infants

Japan [25] 5–7 days
4 weeks or body weight
reaches 2500 g or at
discharge if BW < 2000 g

BW = birth weight, GA = gestational age at birth.

Vincent et al. [26] argued against re-screening in VLBW infants, as in their study of
465 infants screened initially at 2–5 days and again at 6 weeks of age, they only identified
four cases of permanent primary congenital hypothyroidism, and all four were detected in
the initial screening sample. Applying this strategy to the 13 cases in our audit, none of
our cases were detected on the first screen, and it would have delayed diagnosis in seven
infants who were detected on screens at 2 and 4 weeks of age. A study in Rhode Island [4]
demonstrated that the delayed TSH elevation seen in preterm infants can be transient, with
serum TSH normalising at a mean of 51 days of age. They hypothesised that re-screening
may not be necessary; however, their neurodevelopmental follow-up found an increased
incidence of infants with a head circumference <10th percentile at 18 months of age in
the delayed TSH elevation group. Suboptimal head circumference measurements that
persist beyond the initial neonatal period are associated with poorer neurodevelopmental
outcomes [27]. In term infants, prompt normalisation of TSH and free T4 within the
first two weeks of life is correlated with improved full-scale IQ [28]. Regardless of the
permanence of disease as well as the difficulty in predicting transient disease, it would
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seem justified to treat infants with a clinical picture of primary hypothyroidism. There
are few long-term follow-up studies of preterm infants with delayed TSH elevation, and
many of these infants receive levothyroxine supplementation, making long-term outcomes
difficult to assess. Preterm infants as a population are already vulnerable to long-term
disability and neurocognitive deficits [29], so it would seem prudent that all care should be
taken to minimise further insults.

Current expert guidance from the international Clinical Laboratory Standards Institute
(CLSI) is that a further newborn screening sample should be collected from all infants
< 34/40 gestation or <2000 g birth weight, either at 28 days of age or discharge [30]. The
European Society of Paediatric Endocrinology (ESPE) recommends that repeat specimen
collection criteria be expanded further, i.e., that a repeat routine specimen be collected at 2
weeks postnatal age in all ill, preterm (<37 weeks gestational age), low-birth-weight infants
(<2500 g) or multiple births, particularly same-sex twins, admitted to an NICU [9]. Since this
audit was undertaken, the American Academy of Pediatrics (AAP) have updated guidance
(in 2023) to recommend a repeat specimen at 2–4 weeks of age for infants < 32 weeks
gestational age or <1500 g, and a further follow-up specimen if infant has not reached 36
weeks postmenstrual age at the time of the second sample [31].

New ‘Preterm Metabolic Bloodspot Screening Protocol

The audit group undertook a stakeholder consultation process including neonatolo-
gists, regional paediatricians, paediatric endocrinologists, and screening laboratory scien-
tists. The consensus was acceptance of the need to increase screening of preterm infants
and that adding gestational age criteria in addition to weight-based criteria would not
cause confusion or difficulty. The overwhelming preference was for a simple algorithm
that was easy to follow. A new, simplified, and extended screening algorithm was devel-
oped (Figure 2), taking into account changes to sample timing and TSH thresholds that
had occurred in the time since the audit occurred and analysis of results. This algorithm
was presented to the Newborn Metabolic Screening Technical Working Group, which is
responsible for technical oversight of the programme. The updated screening protocol was
accepted in March 2024. The ‘Preterm Metabolic Bloodspot Screening Protocol’ replaced
the previous ‘Low Birth Weight Protocol’ for infants with a birth weight under 1500 g from
1 July 2024.

The amendment of the protocol brings our practice in line with the recent AAP
guideline recommending retesting of infants <1500 g and/or <32 weeks gestation [31] and
incorporates the CLSI recommendation for follow-up at 28 days of age or discharge [30].
We did not find evidence to support the CLSI recommendation to broaden the inclusion
criteria to <34/40 gestational age and birth weight of <2000 g. It is also not as broad as
the European Society of Paediatric Endocrinology (ESPE) recommendation for further
expansion of repeat specimen collection criteria, i.e., that a repeat routine specimen be
collected at 2 weeks postnatal age in all ill, preterm (<37 weeks gestational age), low-birth-
weight infants (<2500 g) or multiple births, particularly same-sex twins, admitted to an
NICU [9]. Our protocol does not differentiate between well and unwell infants, and we no
longer have different testing requirements for extremely low-birth-weight infants (<1000 g)
in order to simplify the criteria for clinicians. Under the new preterm protocol, we estimate
that an additional 1029 samples per year would be collected, including two or three repeat
samples from 144 babies who are <32/40 but not <1500 g. This represents an increase of
less than 2% of all national samples and a minimal additional cost. We intend to review
this protocol in two years.

Neither proposed change (i.e., the addition of gestational age criteria and an addi-
tional pre-discharge sample) is anticipated to have a negative impact on screening for

98



Int. J. Neonatal Screen. 2025, 11, 37

disorders other than CH. Prematurity and illness both commonly lead to low T-Cell recep-
tor excision circles (TREC) and high 17-hydroxy-progresterone (17-OHP) screening levels,
and borderline-positive screen results for severe combined immunodeficiency (SCID) and
congenital adrenal hyperplasia (CAH), respectively [32,33]. If the results do not normalise
within the routine testing schedule, the screening programme may request a further blood-
spot sample or recommend diagnostic testing, but the number of diagnostic referrals is
kept as small as feasible. For CAH, the number of false-positive screens in sick and preterm
babies has been dramatically reduced by reflexing samples with high 17-OHP levels to
a highly specific second-tier test (steroid profile) [34]. For SCID, the protocol considers
that a baby with a normal TREC result on any previous sample to have had a normal
screen for SCID, even though subsequent TREC levels may drop below the threshold if
the baby becomes more unwell. As such, the collection of additional samples may, in fact,
(minimally) reduce the number of diagnostic referrals for SCID and CAH.

Figure 2. ‘Preterm Metabolic Bloodspot Screening Protocol’; BW = birth weight. * Unless there has
already been a bloodspot sample collected within 2 weeks.

Limitations of this audit are that it was restricted to infants within the Auckland region;
however, it is Aotearoa New Zealand’s largest city, comprising one-third of New Zealand’s
population, and includes two of the six neonatal intensive care units in the country. Our
study was limited to infants under 34 weeks and 2000 g, so we were unable to comment on
screening performance in ill, late preterm infants, or same-sex twins.

5. Conclusions

Findings that the low-birth-weight screening protocol was missing just under half
of preterm and very low-birth-weight infants treated for primary CH prompted a stake-
holder consultation and subsequent change in process. We have incorporated gestational
age criteria and the addition of a pre-discharge sample to improve the sensitivity of the
screening. This change is not anticipated to significantly increase the cost of screening or
the workload of laboratory staff, but it provides a safeguard to minimise missed cases.
Given their increased risk for long-term disabilities and neurocognitive challenges, all care
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should be taken to prevent further harm to preterm infants. Our findings highlight a gap in
preterm screening in Aotearoa New Zealand and possibly globally. Further modifications
to preterm screening could include a lowering of the TSH thresholds to detect more cases;
however, it appears that the timing of the sampling relative to the postnatal age of the
infant may be more important. The delayed rise in TSH concentrations in preterm infants
suggests the need for further expansion of preterm screening, and this area would benefit
from a standardised approach. Further investigation into the aetiology of this marked
increase in CH in this population is warranted.
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Abstract: Newborn congenital hypothyroidism (CH) screening has been widely used worldwide.
The objective of this study was to evaluate the effectiveness of applying biochemical and gene
panel sequencing as screening tests for CH and to analyze the mutation spectrum of CH in China.
Newborns were prospectively recruited from eight hospitals in China between February and De-
cember 2021. Clinical characteristics were collected. Second-generation sequencing was used to
detect four CH-related genes, and the genetic patterns of the pathogenic genes were analyzed. We
analyzed the relationship between genotype and biochemical phenotype. A total of 29,601 newborns
were screened for CH. Gene panel sequencing identified 18 patients, including 10 patients affected
by biochemically and genetically screened disorders and 8 patients affected by solely genetically
screened disorders. The predictive positive value of genetic screening was 34.62%, which was much
greater than that of biochemical screening alone (17.99%). A total of 94 cases of congenital thyroid
dysfunction were confirmed by biochemical and genetic screening, including 30 CHs and 64 isolated
hyperthyrotropinemia (HTT), with an incidence of 1/987 for CH and 1/463 for HTT, and a total
incidence of 1/315 for hypothyroidism. The incidence rate and number of patients in Jinan were the
highest, and the incidence rates in Shijiazhuang and Shanghai were the lowest. The gene mutation
rate in this study was 19.1%, mainly DUOX2 mutation. The most common variant of DUOX2 was
c.1588A>T(p.Lys530*). There was only a difference in sFT4 between groups with gene mutations
and those without mutations. Genetic screening is a supplement to biochemical screening. Com-
bining biochemical screening with genetic screening is useful for improving screening efficiency.
The incidence of CH in China according to a multicenter study of nearly 30,000 NBS surveys was
1/315. DUOX2 gene mutations are commonly detected in these patients.
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1. Introduction

Congenital hypothyroidism (CH) is one of the most common neonatal endocrine
and metabolic diseases and affects approximately 1:2000–1:4000 infants worldwide [1].
According to newborn screening data, the incidence rate of CH in China is higher than the
global average level [2,3]. CH can lead to growth retardation and permanent intellectual
disability [4]. However, early screening and treatment could significantly improve adverse
outcomes. Thus, most countries conduct newborn screening (NBS) for CH, which is widely
used as the third preventive intervention for birth defects [5,6].

Traditional biochemical screening for thyroid stimulating hormone (TSH) from the
dried blood spot (DBS) is used as the mainstream method of CH screening at this stage [7].
However, TSH levels are affected by many factors, such as gestational age, birth weight,
feeding, and basic diseases [8–10]. With increasing research on the pathogenesis of CH,
the genetic origin of its pathogenesis has gradually been recognized [11,12]. According to
the latest report, newborn genetic screening has been proven to be successful when single
monogenetic disease or targeted genetic sequencing panels are used [13,14]. However,
no study has evaluated the effectiveness of combined biochemical screening and genetic
screening for CH in a large population. Moreover, the incidence of CH NBS in the Chinese
population has been reported, but there is a lack of joint screening studies for multiple
genes and related research on CH-related genes and clinical phenotypes [15].

This study employed targeted genetic sequencing to detect four candidate genes
related to CH and combined it with biochemical screening to determine the latest incidence
of CH in China. Furthermore, the study analysed the relationship between the genotype
and clinical phenotype of children with CH and the mutation spectrum of CH pathogenic
genes in selected Chinese populations. In addition, the study laid a theoretical foundation
for neonatal screening and clinical diagnosis of CH and future gene therapy.

2. Materials and Methods

2.1. Study Population and Design

From 21 February 2021 to 30 December 2021, a total of 29,601 newborn infants who
participated in the newborn screening program and gene screening project were recruited
for this study. Eight hospitals participated in the multicenter project, including all the
subjects who received CH screening via DBS collection. Each participating unit should
include appropriate subjects. Leaflets of the free gene screening program for newborns
should be distributed among the guardians of the subjects. They should be informed and
should sign an informed consent to confirm the inclusion of the subjects. The study design
and protocol were reviewed and approved by the Ethics Committee of Xinhua Hospital
Affiliated with Shanghai Jiaotong University School of Medicine. The eight hospitals were
selected to represent the nationwide population, as they are regional tertiary hospitals
located in East China, West China, South China, and North China. The participating
hospitals were Xinhua Hospital affiliated with Shanghai Jiaotong University School of
Medicine, Guangzhou Women and Children’s Medical Center, Jinan Maternity and Child
Care Hospital, Shijiazhuang Maternal and Child Health Care Hospital, Chongqing Health
Center for Women and Children, the First People’s Hospital of Yunnan Province, Inner
Mongolia Maternity and Child Health Care Hospital, and Hainan Women and Children’s
Medical Center.

2.2. Newborn Screening

The screening, diagnosis, treatment, and reevaluation of CH were in line with the
criteria of the “Consensus statement on the diagnosis and management of congenital
hypothyroidism” in China [16]. Briefly, for 7 days after 72 h from birth, the newborns
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were exclusively breastfed, and blood was collected from the heel and dripped on special
filter paper (Whatman903, Liding, Guizhou, China) to form DBSs. A time-resolved fluo-
roimmunoassay (Perkin-Elmer, Waltham, MA, USA) was used to measure the TSH level.
The cutoff value of TSH varies according to the different screening methods used at each
hospital (see Supplementary Table S1 for specific values). If the TSH level elevated the
upper limit of normal, the infants would be recalled, heel blood would be collected for a
second time and the TSH level would be retested. If the new TSH value was still above the
upper limit of normal, the infants would be recalled again, and their venous blood would
be collected to measure the levels of serum TSH and FT4.

2.3. Diagnosis of CH

TSH Reagent Kit (Abbott, IL, USA) and Free T4 Reagent Kit (Abbott, IL, USA) were
used to measure Serum TSH and FT4 levels. Serum TSH and FT4 levels were determined
via an electrochemiluminescence immunoassay (ECLIA) assay, ARCHITECT i system, and
Alinity i analysis System (Abbott, IL, USA). The diagnosis of CH is based on elevated TSH
levels and decreased FT4 levels. Isolated hyperthyrotropinemia (HTT) is characterized by
increased TSH and normal FT4. The cutoff values of serum TSH and FT4 vary according to
the different screening methods used at each hospital (Supplementary Table S1 for specific
values). Thyroid ultrasonography was performed to evaluate thyroid development. The
information regarding the diagnosed children, including birth time, sex, birth weight,
gestational week, and family history of thyroid disease, was collected and recorded via the
neonatal disease screening registration form. The screening procedure is shown in Figure 1.

 

Figure 1. The screening and diagnosis process of CH. CH, congenital hypothyroidism; HTT, isolated
hyperthyrotropinemia; ULN, upper limit of normal value; TSH, thyroid stimulating hormone.

2.4. Genomic DNA Extraction and Sequencing

Genomic DNA was extracted from the DBS using a genomic DNA extraction system
kit (QIAamp DNA Blood Midi Kit, Qiagen, Hilden, Germany). The DNA concentration
was 3–25 ng/μL, and the DNA purity (OD 260/280) reached 1.8–2.0. The genomic DNA
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was broken into small DNA fragments with a main band of 100–500 bp by a Covaris LE220
ultrasonic instrument (MA, USA), and then the broken DNA fragments were screened by
magnetic beads. Library construction, end repair, and 3′-end tailing were performed using
a fragmentation module (Vazyme, Nanjing, China). The four CH-related genes DUOX2
(NM 014080), DUOXA2 (NM 207581), TSHR (NM 000369), and PROP1 (NM 006261) were
selected via a gene capture strategy via the Agilent 2100 Bioanalyzer (Beijing, China) and
BMG following the manufacturer’s protocol. High-throughput sequencing of the qualified
enriched libraries was performed on a MEGISEQ-2000 sequencer (BGI, Shenzhen, China).

2.5. Analysis of Mutation Data

The sequencing results were analyzed via bioinformatics methods. Spilt, comparison,
and quality control were performed on the original sequencing data. We performed a search
of internal databases, dbSNP, ESP6500, gnomAD, and 1000 Genomes. Prediction software
was then used to predict whether the mutations were conserved and the contribution of
the mutations to CH pathogenesis. We searched the HGMD, PubMed, Clinvar, and other
databases and literature related to variation, and variants were analyzed following the
basic criteria from the American College of Medical Genetics (ACMG) guidelines [17,18].

2.6. Treatment and Follow-Up

After diagnosis, all the children were given L-T4 (levothyroxine sodium) therapy, their
thyroid function was assessed after one month of treatment, and the dosage was adjusted
according to the test results of thyroid function, height, weight, and individual differences.
Under the condition of normal thyroid function, the patient was rechecked at 2–3 months of
age and once every 3–4 months of age from 1 to 3 years of age, and physical and intellectual
development was evaluated regularly.

2.7. Statistical Analysis

Statistical analysis was performed via SPSS (version 25.0, NY, IBM Corp.). The chi-
squared test was used to compare counting data between groups. A test of normal dis-
tribution and homogeneity of variance was used for measurement data. Data that were
not normally distributed are expressed as medians (M), 25th percentiles (P25), and 75th
percentiles (P75). Normally distributed data are expressed as the means and standard
deviations. The difference between each group was tested by a non-parametric rank sum
test. p < 0.05 was considered to indicate a statistically significant difference.

3. Results

3.1. Newborn Screening for CH

In this study, a total of 29,601 newborns underwent CH screening. A total of 94
cases of congenital thyroid dysfunction were confirmed, among which 46 were male
infants and 48 were female infants. The incidence rate of hypothyroidism was 1/315.
According to the clinical phenotype, there were 30 CHs and 64 HTTs in 94 patients. The
gestational ages were mostly between 37 and 42 weeks, and only four infants (4%) were
preterm. Birth weights were normal in 89 cases, low in 2 infants (2%), and macrosomic in
3 newborns (3%). The median blood spot TSH levels of the 94 patients was 11.52 mIU/L
(P25–P75: 9.03–16.93 mIU/L). After serological examination, the median serum TSH level
of CH infants was 20.28 μIU/mL (P25–P75: 12.11–49.80 μIU/mL), and that of FT4 was
13.65 pmol/L (P25–P75: 9.55–15.38 pmol/L). Among them, the incidence rate and number
of patients in Jinan were the highest, followed by those in Chongqing and Yunnan, and the
incidence rates in Shijiazhuang and Shanghai were the lowest (Tables 1 and 2).
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Table 1. Multicenter screening for congenital hypothyroidism.

Region
Screening
Number

CH HTT Total Incidence Rate

Shanghai 4888 1 3 4 1/1222
Jinan 4797 7 40 47 1/102

Guangzhou 4813 7 3 10 1/481
Hainan 977 1 1 2 1/489

Chongqing 2988 10 7 17 1/176
Yunnan 3006 3 8 11 1/273

Shijiazhuang 4899 1 0 1 1/4899
Inner Mongolia 3233 0 2 2 1/1616

Total 29,601 30 64 94 1/315

Table 2. Clinical features of the 94 cases.

Project Cases (%) Project Cases (%)

Gender Clinical phenotype
Male 46 (49%) CH 30 (32%)

Female 48 (51%) HTT 64 (68%)

Gestational age (week) blood spot TSH (mIU/L)
<37 4 (4%) <10 35 (37%)

37–42 90 (96%) 10–40 48 (51%)
≥42 0 ≥40 11 (12%)

Birth weight (g) Serum TSH (μIU/mL)
<2500 2 (2%) 5–20 47 (50%)

2500–4000 89 (95%) 20–100 33 (35%)
≥4000 3 (3%) ≥100 14 (15%)

Gene mutation Serum FT4 (pmol/mL)
NO variants 76 (81%) <6 7 (7%)

DUOX2 variants 18 (19%) 6–12
≥12

33 (35%)
54 (58%)

3.2. Comparison of Biochemical Screening and Genetic Screening Results

In total, 499 infants had positive traditional biochemical results, and the positive rate
of initial screening was 1.68% (499/29,601). A total of 478 (95.79%) cases were successfully
recalled and underwent serological confirmation testing. According to the serological con-
firmation test, 86 infants (43 males and 43 females) were diagnosed with hypothyroidism.
The positive predictive value of biochemical screening was 17.99% (86/478). The recorded
demographic data and clinical features of the patients are presented in Supplementary
Tables S2 and S3. CH-related genes were detected by targeted next-generation sequencing
(NGS) in 29,601 newborns. In total, 62 strains tested positive via genetic screening, and
the positive rate of genetic screening was 0.21% (62/29,601). A total of 59 patients (95.2%)
were successfully recalled and underwent a serological confirmation test. According to the
serological confirmation test, 18 infants were diagnosed with hypothyroidism, including 6
with CH and 12 with HTT. The positive predictive value of genetic screening was 34.62%
(18/59), which was greater than that of biochemical screening. The above results suggest
that genetic screening improves the detection rate of hypothyroidism.

We then compared positive results from traditional biochemical screening and genetic
screening. According to the results of the combined genetic screening and traditional
biochemical screening, 94 children were diagnosed. Among them, 76 were positive in
biochemical screening and negative in genetic screening, 10 were positive in both types of
screening, and 8 were negative in biochemical screening and positive in genetic screening.
The above results indicate that 8 out of every 94 patients were missed by traditional
biochemical screening; fortunately, they could be identified by genetic screening. Genetic
screening plays an important role in improving the efficiency of CH screening and could
be used as a supplement to biochemical screening. Compared with those of combined
screening, the sensitivities of traditional biochemical screening and genetic screening were
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91.49% and 19.15%, respectively. Combined screening improves the sensitivity of screening
(Table 3).

Table 3. Diagnostic results.

Combined Screening
Predictive

Value
Total

+ −

Biochemical screening + 86 0 PPV: 100% 86
− 8 29,507 NPV: 99.97% 29,515

Sensitivity: 91.4% Specificity: 100%

Genetic screening + 18 0 PPV: 100% 18
− 76 29,507 NPV: 99.74% 29,583

Sensitivity: 19.14% Specificity: 100%

Total 94 29,504 29,601
+, positive screening; −, negative screening; PPV, Positive Predictive Value; NPV, Negative Predicticv Value.

3.3. Mutation Patterns of CH-Related Genes

On the basis of our literature review, we designed a targeted sequencing panel that
included four causative genes: DUOX2, DUOXA2, TSHR, and PROP1. Because of the
critical role of the above four genes in thyroid hormone synthesis and action, and the strong
correlation between their mutations and CH, they were included in the gene sequencing
panel for CH. Among the 29,601 newborns, 62 tested positive for the DUOX2 gene, which
is related to thyroid dyshormonogenesis. Eighteen patients with pathogenic variants in the
DUOX2 gene were eventually diagnosed with hypothyroidism. As shown in Table 4, the
most common variant of DUOX2 was c.1588A>T(p.Lys530*) with a frequency of 33.33%,
followed by c.3329G>A(p.Arg1110Gln) (11.11%). Among the 16 mutation sites of DUOX2,
6 were located in the peroxidase-like domain, 4 in the ferric oxidoreductase domain, 3 in the
EF-hand domain, and 1 in the FAD-binding FR-type domain, all of which play key roles in
the function of DUOX2. Only the c.1883delA(p.Lys628Argfs*) and c.2048G>T(p.Arg683Leu)
were located in the nonfunctional domain (Figure 2). No mutations in TSHR, DUOXA2, or
PROP1 were detected.

Table 4. Potential pathological variants detected in the present study.

Gene Position cDNA Change
Amino Acids

Change
ACMG

Classification
Mutation Type

No. of
Cases

Frequency
(%)

DUOX2 Exon14 c.1588A>T p.Lys530* P nonsense 12 33.33%
DUOX2 Exon25 c.3329G>A p.Arg1110Gln P missense 4 11.11%
DUOX2 Exon10 c.2635G>A p.Glu879Lys P missense 3 8.33%
DUOX2 Exon20 c.2654G>T p.Arg885Leu LP missense 3 8.33%
DUOX2 Exon16 c.1883delA p.Lys628Argfs* P frameshift 2 5.55%
DUOX2 IVS28 c.3693+1G>T / LP splicing 2 5.55%
DUOX2 Exon5 c.477delC p.Glu160Argfs* LP frameshift 1 2.78%
DUOX2 Exon6 c.596delC p.Ser199Trpfs* LP frameshift 1 2.78%
DUOX2 Exon6 c.605_621delAGCTGGCGTCGGGGCCC p.Gln202fs* LP frameshift 1 2.78%
DUOX2 Exon9 c.978_979delGGinsTT p.Glu327* LP frameshift 1 2.78%
DUOX2 Exon15 c.1708C>T p.Gln570* LP nonsense 1 2.78%
DUOX2 Exon17 c.2048G>T p.Arg683Leu LP missense 1 2.78%
DUOX2 Exon20 c.2654G>A p.Arg885Gln P missense 1 2.78%
DUOX2 Exon25 c.3285_3286delTT p.Ile1097Leufs* LP frameshift 1 2.78%
DUOX2 Exon27 c.3516_3531delGTCCAAGCTTCCCCAG p.Lys1174Serfs* P frameshift 1 2.78%
DUOX2 Exon30 c.4000C>T p.Arg1334Trp LP missense 1 2.78%

Total 36 100%

P, pathogenic; LP, likely pathogenic.
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Figure 2. Mutation sites in the secondary structure of DUOX2. Sixteen mutation sites distributed in
the secondary structure of DUOX2 protein. DUOX2 contains 5 functional domains, peroxidase-like
domain, EF-hand domain, Interaction with TXNDC11 domain, ferric oxidoreductase domain, and
FAD-binding FR-type domain.

3.4. Relationships Between Genotype and Phenotype

Ninety-four children were divided into two groups, CH and HTT, on the basis of their
clinical phenotype. The biochemical indices of thyroid function were compared between
the two groups (Figure 3). The results revealed that the dry blood spots and serum TSH
levels of patients with CH were significantly greater than those of patients with HTT
(p < 0.0001). The median sTSH concentration at diagnosis was greater in patients with CH
than in those with HTT (p < 0.0001). The median FT4 concentration at diagnosis was greater
in patients with HTT than in those with CH (p < 0.0001).

Figure 3. Comparison of serum levels of screening TSH, diagnostic TSH and FT4 among different
groups, classified according to clinical phenotype. (A) Comparison of TSH levels in dry blood spots
between patients with CH and HTT. (B) Comparison of TSH levels in serum between patients with
CH and HTT. (C) Comparison of FT4 levels in serum between patients with CH and HTT. CH,
Congenital hypothyroidism; HTT, isolated hyperthyrotropinemia; **** p < 0.0001.

According to the results of genetic screening, the studied patients were classified into
two groups, and the biochemical indices of thyroid function were compared between the
two groups (mutation group and no mutation group). The results revealed that only the
serum FT4 levels of patients with mutations at diagnosis were significantly lower than those
of patients without gene mutations (p < 0.01) (Figure 4). There was no significant difference
in the levels of blood spot TSH and sTSH between the mutation and non-mutation groups.
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Figure 4. Comparison of serum levels of screening TSH, diagnostic TSH and FT4 among different
groups, classified according to whether there is a gene variation. (A) Comparison of TSH levels in
dry blood spots between patients with no mutation, and mutation. (B) Comparison of TSH levels in
serum between patients with no mutation, and mutation. (C) Comparison of FT4 levels in serum
between patients with no mutation, and mutation. ns, p > 0.05; ** p < 0.01.

Next, we investigated the relationship between the genotype and clinical phenotype
of CH patients. Because many types of gene mutations are detected, the c.1588A>T and
c.3329G>A mutations and the mutation types with the highest mutation frequency are
taken as genotypes. We studied the relationship between the genotypes of high-frequency
gene mutation sites and the clinical phenotypes of CH patients (Tables 5 and 6) and found
that the c.1588A>T and c.3329G>A variants were not related to clinical type (CH or HTT).
In addition, significant differences in sFT4 levels were detected between patients with no
c.1588A>T variant, the c.1588A>T homozygous variant, and the c.1588A>T compound
heterozygous variant, indicating that patients with the c.1588A>T variant are associated
with low sFT4 levels.

Table 5. Relationship between the genotype of c.1588A>T variant and the biochemical results of
thyroid function.

Groups Cases CH (n) HTT (n)
Blood Spot

TSH (mIU/L)
Serum TSH

(uIU/mL)
Serum FT4
(pmol/L)

No c.1588A>T variant 85 26 59 11.29 (9.01,
16.72)

20.99 (11.68,
45.02)

14.05 (10.27,
16.29)

c.1588A>T homozygous variant 3 2 1 13.84 (12.47, -) 18.41 (17.07, -) 9.62 (5.62, -)
c.1588A>T compound
heterozygous variant 6 4 2 16.38 (5.66,

31.14)
24.12 (11.67,

72.64) 9.07 (6.42, 11.50)

Statistics X2 = 4.718; p = 0.095
H = 0.759; p =

0.684
H = 0.278; p =

0.870
H = 8.592; p =

0.014 *

CH, Congenital hypothyroidism; HTT, isolated hyperthyrotropinemia. * p < 0.05.

Table 6. Relationship between the genotype of c.3329G>A variant and the biochemical results of
thyroid function.

Groups Cases CH (n) HTT (n)
Blood Spot

TSH (mIU/L)
Serum TSH

(uIU/mL)
Serum FT4
(pmol/L)

No c.3329G>A variant 91 29 62 11.60 (9.03,
16.77)

20.99 (12.23,
54.28)

13.65 (9.35,
15.43)

c.3329G>A homozygous variant 1 0 1 9.30 (9.30, 9.30) 17.92 (17.92,
17.92)

12.79 (12.79,
12.79)

c.3329G>A compound
heterozygous variant 2 1 1 7.70 (6.32, -) 21.27 (9.88, -) 11.17 (10.72, -)

110



Int. J. Neonatal Screen. 2024, 10, 78

Table 6. Cont.

Groups Cases CH (n) HTT (n)
Blood Spot

TSH (mIU/L)
Serum TSH

(uIU/mL)
Serum FT4
(pmol/L)

Statistics X2 = 0.770; p = 0.680
H = 3.003; p =

0.223
H = 0.215.; p =

0.898
H = 0.947; p =

0.623

CH, Congenital hypothyroidism; HTT, isolated hyperthyrotropinemia.

4. Discussion

CH is an endocrine disease caused by insufficient synthesis and secretion of thyroid
hormones. It is one of the major targets of newborn screening in the world. This study
presented nearly 30,000 NBS data points, indicating that the average incidence rate of
hypothyroidism (including CH and HTT) in multiple regions was 1/315, which is far
higher than the reported incidence rate [1–3]. Among them, the incidence rate of CH was
1/897, and the incidence rate of HTT was 1/467. Studies have suggested that the increasing
trend of CH incidence might be associated with a reduction in TSH cutoff levels, an increase
in the survival of preterm infants, and changes in population demographics [19–21]. An
increased proportion of CH patients with eutopic glands may also account for this trend [2].
Furthermore, the variability of serum reference ranges (RRs) and the absence of specific
neonatal RRs may contribute to an increased likelihood of CH or HTT being misdiagnosed.
The question of whether infants with normally positioned glands and mild HTT should
receive treatment remains unresolved. Some studies have indicated that it is safe to not
treat infants with mild HTT without significant developmental deficits, while others have
supported early treatment as a means of preventing potential long-term cognitive problems.
Consequently, a follow-up plan must be tailored to the specific circumstances of the child.
It is also essential to have a clear understanding of how to manage the dose and course of
LT4 [22,23].

Our data revealed that the incidence rate and the number of patients in Jinan were
the highest, followed by those in Chongqing and Yunnan and that the incidence rates in
Shijiazhuang and Shanghai were the lowest. This finding is consistent with the regional
differences in the incidence of CH [21,24]. This may be related to the iodine distribution
in the area and the residents’ eating habits. Additionally, differences in CH incidence
across geographic regions may also be related to the distribution of populations with CH
susceptibility genes. The genetic pathogenesis of CH in most newborns is still unclear, and
some cases are related to genetic mutations [25], which are often undetectable by NBS.

NBS for CH is performed routinely in most regions of China, where it has led to the
near elimination of intellectual disability caused by this common condition. However,
NBS for CH is associated with a high rate of false-negative results, which appears to be
inevitable because the TSH and FT4 concentrations at birth are easily affected by maternal
and other factors. These factors include premature birth, low birth weight, and central
hypothyroidism [9,10]. Furthermore, false positives can cause newborns and their families
to be recalled to the hospital for reexamination, which may take a long time. Additionally,
newborns at risk of CH may not produce enough TSH in the first few weeks after birth,
and the screening results may be false negative at this time. The guidelines recommend
that for twins, a second screening and follow-up should be performed 2 weeks after birth
or 2 weeks after the first screening. However, it is important to note that not all subsequent
cases of hypothyroidism are cases of CH that have been overlooked. It is therefore essential
to perform a thorough differential diagnosis. In our study, genetic screening was per-
formed on 29,601 neonates via targeted next-generation sequencing, and 8 false-negative
CH cases were identified, which translates into 8 out of every 94 newborns benefiting from
the implementation of CH genetic screening. Following the incorporation of the afore-
mentioned eight children into the follow-up treatment system, it was observed that they
exhibited normal thyroid development, thyroid function, neuropsychiatric development,
and growth and development. The above results and those of previous studies confirmed
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the effectiveness of genetic screening, which could be used as a supplement to biochemical
screening [26,27]. Therefore, NBS for CH faces challenges, and combining biochemical
screening with genetic testing is crucial to improve screening sensitivity.

CH is mainly caused by the underdevelopment of the thyroid gland, dyshormonogen-
esis, and central congenital hypothyroidism. Therefore, we selected the hotspot mutant
genes DUOX2 and DUOXA2 in CH in the Chinese population, which are associated with
disorders of thyroid hormone synthesis and secretion. The TSHR gene, which is associated
with thyroid dysplasia, was also selected; TSH resistance caused by loss-of-function muta-
tions in TSHR is the most common genetic factor leading to congenital hypothyroidism.
In addition, central congenital hypothyroidism is strongly associated with variants in the
PROP1 gene, which is usually associated with pituitary hormone underproduction. In
particular, combined pituitary hormone deficiency caused by mutations in the PROP1 gene
is associated with decreased TSH secretion [28]. Although CH screening is primarily aimed
at primary hypothyroidism, testing for PROP1 gene mutations may reveal some undetected
cases of secondary hypothyroidism [29]. The inclusion of the PROP1 gene in the range of
tests is aimed at further research into potential genetic factors. Although this is not the main
purpose of the screening, it undoubtedly provides extremely valuable genetic information.
With respect to the relationship between genotype and biochemical phenotype, significant
differences were observed in sFT4 levels between patients with and without gene variants
and, compared with the patients in the no mutation group, most patients with gene variants
had lower FT4 levels. DUOX2 is involved mainly in the production of peroxide protein
complexes and catalyzes the synthesis of thyroid hormones in thyroid follicular cells [30].
The protein encoded by DUOX2 is involved in the iodization process of thyroxine synthesis,
which is closely related to the generation of FT4 [31]. In this study, all genes were merged
with one or two DUOX2 mutations. These children exhibit various clinical manifestations,
including CH and HTT, indicating that mutations in DUOX2 are not necessarily related to
clinical classification [31]. Our research revealed that homozygous mutations or compound
heterozygous mutations of c.1588A>T and c.3329G>A lead to abnormal thyroid function,
but the c.1588A>T and c.3329G>A variants had no correlation with clinical classification
(CH or HTT). In addition, the c.1588A>T variant was related to sFT4 levels, indicating
that patients with the c.1588A>T variant have more severe hypothyroidism. The damage
to the functional domain caused by the c.1588A>T variant is related to peroxidase-like
activity [32,33]. The region where c. 1588A>T is located in the main functional domain for
DUOX2 to exert peroxidase activity. The above results indicate that DUOX2 mutations in
major structural domains, such as the peroxidase-like region, have a significant effect on
thyroid function. Studies have shown that mutations in DUOX2 can initiate CH, but the
clinical phenotype, primarily the manifestation of transient congenital hypothyroidism, is
variable [34,35]. Our study had a short follow-up period, and the clinical phenotypic data
were not comprehensive. Variable phenotypes are presumed to be caused by other unde-
tected genetic mutations, individual differences, stochastic phenomena, or environmental
factors [32,36]. With regards to DUOX2 over 100 different mutations have been reported
but there is ambiguity about the number of these which are truly pathogenic. Therefore,
pathogenic gene screening for patients with CH, enrichment of the mutation spectrum,
and identification of the relationships between gene mutations and phenotypes are the
recommended steps to achieve accurate clinical diagnosis and treatment of CH.

Although we performed relatively systematic and comprehensive screening for candi-
date genes associated with CH, some limitations should be considered when reviewing our
findings. First, this is a highly selected population, and a larger sample size study is needed
to further confirm the correlation between gene mutations and clinical phenotypes; future
investigations should expand the scope of genetic testing to include a larger number of
genes associated with hypothyroidism. Second, most of the patients had a short follow-up
period, and the clinical phenotypic data were not comprehensive. Therefore, it is not
analytically conducive to determine the correlation between the detected mutation and the
clinical phenotype. Finally, it is recommended that the variants identified in this study be
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subjected to in vitro functional studies. The subsequent studies will perform and analyze
three-dimensional models of the missense variants identified in the DUOX2 gene, with
a particular focus on one of the most prevalent variants, p.Arg1110Gln, among others.
Therefore, further studies are needed to expand the mutation spectrum of CH and to verify
the functions of the associated mutations, which may provide more profound insight into
the etiology of CH.

This study reveals that the latest incidence rate of hypothyroidism in China is 1/315
(including CH and HTT) by using routine screening and gene screening methods and
provides a basis for research on neonatal CH genetic screening in China. Genetic screen-
ing is a supplement to biochemical screening. The incorporation of gene screening and
traditional biochemical screening into neonatal CH screening is conducive to avoiding
missed diagnoses. The advantages of this study include that it is the first relatively large
multicenter study on the genetic diagnosis of children with CH in China, with a compre-
hensive clinical process for analysis through genetic diagnosis. However, the strategy of
CH gene screening is still in the exploration stage, and the genes and loci covered by CH
gene screening in Chinese newborns need to be further evaluated. Moreover, our first
systematic and comprehensive screening of four CH-candidate genes in Chinese newborns
preliminarily proved the necessity, feasibility, and importance of clinical gene screening for
neonates and revealed that the main mutated gene of the four genes tested in this study
was DUOX2.
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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 coupled 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
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central CH is particularly crucial for growth and neurocognitive development because 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 impair-
ment, 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, gestational
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 affecting
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
effect, the measurement of free thyroid hormones using equilibrium dialysis or ultra-
filtration 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 applied 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
treatment 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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The following abbreviations are used in this manuscript:

AHDS Alan–Herndon–Dudley Syndrome
CH Congenital Hypothyroidism
FT4 Free Thyroxine
FT3 Free Triiodothyronine
MCT8 Transmembrane monocarboxylate transporter 8
NBS Newborn Screening
RTHα Resistance to Thyroid Hormone alfa
RTHβ Resistance to Thyroid Hormone beta
TRIAC Triiodothyroacetic acid
TSH Thyroid-Stimulating Hormone
TT4 Total Thyroxine
T3 Triiodothyronine
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