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Objectives: This study finds the prevalence of concurrent anomalies and the prevalence
of each one.

Methods: This was a systematic review study based on the preferred reporting items for systematic
reviews and meta-analysis (PRISMA). The research question was the comparison of children with
and without CH in terms of having extra-thyroidal congenital anomalies. A systematic literature
search through PubMed, Science Direct, Scopus, and the Web of Science databases was done
using the following key words: Congenital hypothyroidism, birth defects, congenital anomalies.

Results: From the 655 initially retrieved articles, 24 articles remained, and 4 additional references

were found by reviewing the references of the final articles. Finally, 28 articles were selected.

The prevalence of extra-thyroidal anomalies ranged from 5% to 50% in girls and from 4% to 80%

in boys. Meanwhile, 20% of the permanent CH patients and 13% of the patients with transient

CH had extra-thyroidal congenital malformations. Cardiac anomalies were more prevalent in

girls (female to male ratio=1.6 [0.7 to 5.5]), and urogenital anomalies were more reported in
Key Words: boys. Most of the studies did not report the association between non-thyroidal anomalies and
thyroid stimulating hormone, gender, etiology of CH, and transient and permanent CH.

Congenital

hypothyroidism (CH), :  Conclusions: Congenital anomalies are more common in CH patients compared with the general
Birth defects, Congenital : population, even in the absence of congenital syndromes or chromosomal abnormalities. The
anomalies : most common anomalies are cardiac, craniofacial, urogenital, and nervous system.
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Introduction

ongenital hypothyroidism (CH) is one of the

most common endocrine disorders in chil-

dren, which can cause permanent mental

retardation if untreated. Nowadays, CH is

diagnosed through neonatal screening [1]. It
affects nearly 1 in 3000 to 4000 newborns worldwide.
It can be secondary or primary, and permanent or tran-
sient based on the laboratory findings. In permanent
cases, the patient needs lifelong replacement of levo-
thyroxine. Although in some cases, hypothyroidism is
a part of a congenital syndrome, such as Pendred syn-
drome, anomalies related to the various systems are
reported in CH patients, even in non-syndromic cases
of this disorder [2]. In most cases, thyroid dysgenesis is
the cause of CH [3].

In addition, a higher prevalence of CH was reported in
Down syndrome. Many studies have shown that it is as-
sociated with an increased incidence of other congeni-
tal malformations [1, 3-5]. Teratogens and a few genes
lead to CH and congenital malformations. However, the
exact etiology of the high prevalence of congenital dis-
abilities observed in CH infants is unknown [4, 6]. The
presence of concurrent anomalies in CH patients raises
the role of genetic components in this disorder. Based
on available data, most of the reported anomalies are
related to the cardiovascular system. However, envi-
ronmental factors also may be related [6]. Mutations in
TTF1, TTF2, FOXE1, PAX8, and TSHR are associated with
thyroid dysgenesis and also anomalies, such as renal
anomalies [7].

It is suggested that determining the rate of differ-
ent concurrent congenital anomalies in these patients
would help us in better understanding of the CH patho-
genesis including both genetic and environmental fac-
tors as well as improving the protocol of CH screening
in order to determine the disorders early in life and in
accordance with routine screening program. A well de-
signed screening program could help us in better man-
agement of the diseases. The aim of current study was
to systematically review the papers in this field to pro-
vide us more applicable information for designing more
effective CH screening program.

Methods
Search strategy, research question, and databases

This systematic review study was based on the preferred
reporting items for systematic reviews and metaanalysis.
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The protocol of the study was approved by Isfahan Univer-
sity of Medical Sciences. The research question and popu-
lation, intervention, comparison, and outcome framework
of this study compared children with and without CH in
terms of having extra-thyroidal congenital anomalies. A
systematic literature search through PubMed, Science Di-
rect, Scopus, and the Web of Science databases was per-
formed from December 2021 until January 2022.

Inclusion and exclusion criteria

English language articles, including cross-sectional, co-
hort, and case-control studies, were included, and case
reports, letters, and articles without an available full text
were excluded. Studies that evaluated extra-thyroidal
anomalies in CH patients were included. Duplicates, re-
views, and unrelated and low-quality studies were exclud-
ed. Meeting abstracts were not included in this review.

Study selection and quality assessment process

After removing duplicates, the title and the abstracts
were evaluated by two reviewers separately (Rojin
Chegini and Jila Yousofi). Unrelated articles, reviews, let-
ters, case reports, and articles published before 1990
were ignored. The full text of the remaining articles
was separately reviewed by two reviewers, and unre-
lated items were removed. To find more related stud-
ies, references to the final articles were also reviewed.
The final articles entered quality assessment using the
strengthening of the reporting of observational stud-
ies in the epidemiology checklist and were done by two
independent reviewers (Rojin Chegini and Jila Yousofi).
Consult with an expert (Mahin Hashemipour) was con-
sidered in the case of disagreement.

Data extraction

Data extraction was done by two independent authors
using a checklist with the following items: Name of the
author, year of publication, country, sample size, gender,
type of CH, inclusion and exclusion criteria, the number
of CH patients with concurrent anomalies, and the type
of anomalies and the number of each one. Data of the
patients with cardiovascular, craniofacial, urogenital,
gastrointestinal, and musculoskeletal anomalies and
anomalies related to the nervous system are reported
as numbers and percentages. Anomalies related to
the other systems are reported as others. Considering
the known association between Down syndrome and
prematurity and congenital anomalies, data from the
studies that have excluded these patients are reported
separately.
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Results
Characteristics of the studies

From the 655 initially retrieved articles, 178 were du-
plicates, and 430 were excluded based on the title and
the abstract. Finally, among the remaining 47 articles,
24 articles entered the data extraction process, and 4
additional references were found by reviewing the ref-
erences of the final articles. Finally, 28 articles were se-
lected (Figure 1).

In total, 7401 patients (3067 females, 1987 males, oth-
ers not reported) with CH were studied. The studied
population in 12 studies were primary CH patients, 11
permanent CH patients, and in 4 studies, both perma-
nent and transient cases.

In 5 studies, patients with known syndromes, such as
Down syndrome were excluded, and 5 studies excluded
pre-term newborns (Table 1). In 2 studies, patients with
Down syndrome and prematurity were not included.

Concurrent congenital anomalies from all studies
(n=28) [1-28]

The prevalence of extra-thyroidal anomalies ranged
from 5% to 50% in girls and from 4% to 80% in boys. Ac-
cordingly, 20% of the permanent CH patients and 13%
of the patients with transient CH had non-thyroidal con-
genital malformations.

Multiple anomalies were reported in 1%-22% of the
studied population [5, 9-12, 17, 18, 21-23, 25, 28]. Stud-
ies from Turkey (22%) [10] and India (12%) reported
higher rates of multiple defects [9].

Chromosomal anomalies were reported in 1%-14% of
the studied population [4, 5, 8, 17, 19, 22, 23, 27, 28].
The most common chromosomal anomaly was the
Down syndrome. A higher rate of chromosomal anoma-
lies was reported in Iran (14%) [4] and Saudi Arabia
(10%) [27].

Regarding non-thyroidal congenital anomalies, most
of the studies (18 out of 28) have reported cardiac
anomalies as the most common non-thyroidal anoma-
lies ranging from 2%-47% [1, 5, 6, 8, 11-15, 17-20, 22-24,
27, 28].In most European countries, the rate of cardiac
anomalies was in the lower range. Higher rates of car-
diac anomalies were reported from Turkey (47%) [13],
India (29%) [9], Iran (22%-24%) [1], Poland (19%) [8],
and Saudi Arabia (14%) [27].
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Other more frequent non-thyroidal anomalies were
urogenital, gastrointestinal, musculoskeletal, and ner-
vous system. In one study from Iran, the rate of urogeni-
tal anomalies among CH patients has been reported
at 32% [7]. Limb anomalies were more prevalent than
cardiac ones in Italy [21]. In a study in India, spina bi-
fida was more prevalent than cardiac ones (41% vs 29%)
[9]. Meanwhile, in a study in Egypt, the rate of skeletal
anomalies was higher than cardiac ones (45% vs 9%) [3].
In a study in Turkey, the rate of craniofacial anomalies
was similar to cardiac ones (22%) [10]. The most com-
mon cardiac anomalies were atrial septal defect (ASD),
ventricular septal defect (VSD), PDA, pulmonary steno-
sis, persistent foramen ovale (PFO), pulmonary valve
dysplasia, and endocardial cushion defect, respectively.
The female-to-male ratio ranged from 0.4 in one study
from Georgia [26] to 4 in another study from India [2]
Cardiac anomalies were more prevalent in girls (female
to male ratio=1.6 [0.7 to 5.5]), and urogenital ones were
more reported in boys. Among the four studies that
have reported the gender of the patients with urogeni-
tal anomalies, in three studies, all of the patients were
boys [7, 8, 23], and in the other one, out of the 24 pa-
tients with urogenital anomalies, 21 patients were male
[17]. Among the patients with gastrointestinal or respi-
ratory anomalies, 23 patients were male, and 24 were
female. In one study, there were 15 female patients
and 20 male patients with concurrent gastrointestinal
or respiratory anomalies [17], and in the other one,
there were 8 female patients and 4 male patients with
these anomalies [8]. In three studies, the gender of the
patients with nervous system anomalies is reported. In
two of these, all of the patients were male [8, 23], and
in one of them, there were 8 girls and 6 boys [17]. In
total, there were 10 male patients and 8 female patients
with CH and nervous system anomalies (female to male
ratio=0.8). Musculoskeletal anomalies were reported in
11 girls and 6 boys (female to male ratio=1.8) [8, 17].

Consanguinity or its association with the anomalies
has been evaluated in six studies. In one study, 57.14%
(4 out of 7) of patients with two or more anomalies had
parental consanguinity [25]. Ghandi et al., and Razavi
et al. did not report any association between parental
consanguinity and the presence of anomalies [1, 4].
Rather et al. [2] reported no consanguineous marriages
between their patients. Gu et al. [17] also reported no
consanguineous marriages in patients with other anom-
alies. In the study by Caiulo et al. [21], out of 22 patients
with other malformations, 4 patients were born to con-
sanguineous parents.
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Concurrent anomalies form the studies that have ex-
cluded down syndrome patients (n=5) [6, 10, 14-16]

In this group of studies, 590 CH patients were evalu-
ated. Multiple anomalies were evaluated only in one
study with a prevalence rate of 22% [10] and chromo-
somal anomalies in 1%-2% [5, 12]. The most common
non-thyroidal anomaly was cardiac, ranging from 4%-
24% [5, 6, 10, 12, 14, 15].

Other anomalies were craniofacial 22% and skeletal
17% [10]. Some studies evaluated only cardiac anoma-
lies [6, 15]. A study from Iran reported a high rate of PFO
in CH patients (24%) compared to other cardiac anoma-
lies [6].

Concurrent anomalies from the studies that have
excluded pre-term infants (n=5) [1, 4, 8, 19, 25]

In this group of studies, 646 CH patients were evaluat-
ed. Some of them were only evaluated for cardiac anom-
alies [1]. Multiple anomalies were reported only in one
study [25], and chromosomal defects were reported in
1%-14% of the patients [4, 8]. The most common chro-
mosomal case was the Down syndrome (14%) [4]. Car-
diac anomalies with a range of 4%-22% were the most
common anomalies. Other more frequent anomalies
were gastrointestinal and skeletal. ASD and PDA were
the most common cardiac malformations in this group.

Concurrent anomalies from the studies that have
excluded the down syndrome patients and pre-
term infants (n=2) [5, 12]

A total of 1617 patients were evaluated. In this group,
the common non-thyroidal anomaly was cardiac anom-
alies ranging between 5% to 12%. The rate of multiple
defects and chromosomal anomalies was reported in
2% to 6% and 1% to 2% of the studied population. The
most common cardiac anomalies were PDA, ASD, VSD,
and PS respectively.

Association between non-thyroidal anomalies
with screening characteristics of CH patients

Most of the studies did not report an association be-
tween non-thyroidal anomalies and TSH, gender, etiol-
ogy of CH, and transient and permanent CH [3-6, 8, 19,
28]. Few studies indicated that the anomalies are more
prevalent in CH patients with dysgenesis of the thyroid
gland [12, 15]. One study reported that the rate of car-
diac and non-cardiac anomalies was 8 times and 4 times
higher in CH patients with transient CH [11]. Some stud-
ies showed that the anomalies were significantly higher

Hashemipour M, et al. Prevalence of Concurrent Congenital Disabilities in Infants With CH. J Pediatr Rev. 2024; 12(2):125-142.

Journal of Pediatrics Review

in CH patients with low T4 levels, prematurity, or low
birth weight [5, 28]. One study from Iran reported that
maternal age and parental consanguinity were not as-
sociated with anomalies [4].

Discussion

In this study, we review the studies that evaluated the
rate of non-thyroidal anomalies in patients with CH. Our
findings indicated that the most common anomalies
were cardiac anomalies. Cardiac malformations were
more prevalent in countries with a high rate of CHand in
girls. Most of the studies did not report a significant as-
sociation between screening TSH, gender, and etiology
of CH. Some studies indicated that gestational age and
screening T4 level were associated with the anomalies.

This study showed that although CH is more diagnosed
among females [3], concurrent anomalies are more preva-
lent among male patients with permanent CH. The most
common anomalies were cardiac, craniofacial, urogenital,
and nervous system malformations. The most common
cardiac anomalies were ASD, VSD, and PDA. Among the
studies that have excluded Down syndrome patients, cra-
niofacial anomalies were the most prevalent, and cardiac
anomalies were the second one. The most common car-
diac anomaly in this group was PFO, and ASD was the sec-
ond most prevalent cardiac anomaly [5, 6, 10, 12, 14-16]. In
the studies that have excluded pre-term infants and stud-
ies that have excluded both pre-term infants and Down
syndrome patients, cardiac anomalies were the most com-
mon. ASD and PDA were the most common cardiac anom-
alies in these studies [1, 4, 5, 8, 12, 19, 25].

Congenital malformations occur in 3% to 4% of new-
borns [12]. CH affects nearly 1 in 4000 infants [3], and in
the current study, the prevalence of congenital malfor-
mations in CH patients was found to be higher than the
average population [12].

Patients with central CH may have midline facial
anomalies [13, 21]. In patients with CH, congenital syn-
dromes, such as Down syndrome are more prevalent
than in the general population, and CH is more common
among Down syndrome patients [4].

In the included studies, several syndromes, such as
Jacobsen syndrome, Di George syndrome, Fanconi
syndrome, Turner syndrome, Beckwith Wiedemann
syndrome, VATER association, VACTERL association,
Albright’s hereditary osteodystrophy, and Pierre Robin
sequence were reported among the CH patients [4, 12,
17, 21].
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Initially Retrieved Articles \

(PubMed=101, Web of Science=119,
Scopus=422, Science Direct=13)

n =655

Duplicates Excluded (n = 178)

477 Studies Remained

Excluded Based on the Title and the Abstract

(n=430)

47 Articles Remained

Excluded Based on the Full-text (n = 22),
One study in two articles (n = 1)

Included From the Final Articles References

(n=4)

Figure 1. Study selection flowchart

The exact etiology of the higher incidence of con-
genital disabilities in CH patients is unclear [4]. Though,
based on our review, congenital cardiac malformations
were the most common concomitant anomaly in these
patients, in different populations, the types of anoma-
lies may be different from each other [17]. For example,
in the study by El Kholy et al. in Egypt, the most com-
mon concomitant anomaly was musculoskeletal malfor-
mations [3]. During the embryonic period, several genes
that are involved in the thyroid gland formation, are
also involved in the other parts of organogenesis. For in-
stance, the NKX2.5 gene is involved in the pathogenesis
of congenital heart defects and is also involved in thy-
roidogenesis [6]. This may explain the high prevalence
of cardiac malformations in patients with CH. The most

28 Studies Reviewed
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common form of CH is thyroid dysgenesis, and muta-
tions in genes, such as FOXE1, NKX2.1, and PAX8 are
related to this disorder [2]. These mutations also lead
to other malformations, such as renal, craniofacial, and
nervous system anomalies [29]. The high prevalence of
musculoskeletal anomalies also suggests the possible
role of another genetic component, which should be in-
vestigated in future studies [3]. Although in most cases,
CH is reported to be sporadic, Castanet et al. found a
high frequency of positive family history of thyroid dys-
genesis in these patients. All of these findings support
the role of genetic components in this disorder [20].
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Table 1. Studies on congenital anomalies in CH infants

Associations

Anomalies
(Cardiac, Urogenital,
Gastrointestinal/Respira-
tory, Nervous System/
Musculoskeletal)

Multiple Defects/
Congenital Syndromes/
Chromosomal Abnor-
malities

Patients
With Other Anomalies
(Number)

Etiology of CH

Type of CH (Primary,
Transient, Permanent)

Sample Size/
Female/Male

Name of Author. Year of
Publication, Country

No.

Cardiac: n=3 (3%,; aortic coarctation [n=1], AV canal
defect + Down syndrome [n=1], transposition of the
great vessels [n=1])

Urogenital: n=4 (3%; hypospadias [n=2], left mega-
ureter [n=1], bilateral cryptorchidism [n=1])
Gastrointestinal: n=1 (1%; giant omphalocele)
Nervous system: n=2 (2%; septo-optic dysplasia
[n=1], partial agenesis of the corpus callosum [n=1]),
limbs: n=5 (4%; syndactyly [n=2], tendon agenesis
[n=1], club foot [n=2])

One with Di George syndrome

Multiple defects: n=7 [6%*] (Down syndrome +
double urethral meatus and anal stenosis [n=1],
Jacobsen syndrome + left renal agenesis, double
outlet right ventricle, and VSD [n=1], Down syn-
drome + ASD and duodenal atresia [n=1], ASD +
dysplastic pulmonary valve [n=1], angioma + ASD
[n=1], Down syndrome + sensorineural hearing loss
and aganglionic megacolon [n=1], Down syndrome
+ duodenal atresia, annular pancreas, inferior vena
cava agenesis [n=1])
Syndromes: One patient with Di George syndrome

22 (8 with transient and 1 with hypothalamic CH)

Dygenesis (n=52), dyshormonogenesis (n=14),
transient CH (n=53)

Permanent, transient

119
58/61

Caiulo et al. 2020, Italy [21]

1

Urogenital: (n=32

Cardiac: n=57 (47%) [ASD (n=38), PDA
(n=12), VSD (n=7), AV septal defect (n=3),
aortic valve stenosis (n=3), PS (n=3),

Cardiac: n=2 (10%)
[pulmonary hypertension
and tricuspid regurgitation

patients; n=21 controls, tetraology of Fallot (n=3), aortic coarcta- (n=1), mitral regurgitation Cardiac: n=5 (29%) [ASD (n=3),

[odd ratio=2.04]; 95%
confidence interval:
1.1%, 3.6%; P=0.014)
The most prevalent:
n=37 (40.2%) [hypo-
spadias: n=26 (28.2%);
cryptorchidism and
hydrocele: n=9 (9.7%)]

32 (only boys)

NR

Primary CH

100
60/40

Yousefichaijan et al.
2017, Iran [7]

4

tion (n=1)]

Urogenital: n=4 (3%) [inguinal hernia
(n=2), cryptorchidism (n=2)]
Gastrointestinal: (2%) [liver hemangioma
(n=2)]

Nervous system: n=46 (38%) [mental
retardation (n=30), epilepsy (n=18), cere-
bral palsy (n=3), microcephaly (n=3)]
Skeletal: (3%) [pelvis subluxation (n=4)]
others: Atopic dermatitis (n=10)

Down syndromen=21 (17%)

90

Dysgenesis (n=9)
Dyshormonogenesis/iodine deficiency
(n=112)

Primary CH

121
56/65

Kurtul et al. 2016, Turkey [13]

5

and stenosis (n=1)] PDA (n=1), PDA+ ASD (n=1)]
Urogenital: n=2 (10%) [left Spina bifida: n=7 (41%)
ectopic kidney and peno- ~ Others: High arched palate
scrotal hypospadias (n=1), (n=6), low set ears (n=8), micro-
malrotated ectopic left  gnathia (n=4), depressed nasal
kidney with diminished  bridge (n=10), epicanthic folds
function (n=1)] (n=6), pectus excavatum (n=5)
Craniofacial: n=1 (5%) [mi-
crocephaly, high-arched
palate, and low-set ears])

Multiple defects: n=2 (12%)
- [both ASD+ spina bifida, exclud-
ing dysmorphic features])

= . el & e el 10 (4 females, 6 males)

In patients with other anomalies:

Dysgenesis (n=8), dyshormono-
genesis (n=2)
In total: Dysgenesis (n=13),
dyshormonogenesis (n=4)

Dyshormonogenesis
(n=12)

Permanent CH Primary CH
19 17
13/6 8/9
Rather et al. 2014, India Amaresh Reddy et al. 2010,
[2] India [9]
6 8
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Associations

Anomalies
(Cardiac, Urogenital,
Gastrointestinal/Respira-
tory, Nervous System/
Musculoskeletal)

Multiple Defects/
Congenital Syndromes/
Chromosomal Abnor-
malities

Patients
With Other Anomalies
(Number)

Etiology of CH

Type of CH (Primary,
Transient, Permanent)

Sample Size/
Female/Male

Name of Author. Year of
Publication, Country

No.

Prevalence of congenital anomalies was significantly higher in CH patients compared to the normal population (excluding Down syndrome patients).

Cardiac: n=135 (9%) (81 females, 54 males) [VSD (n=28), ASD (n=27), PDA (n=24), PS (n=9), endocardial cushion defect
(n=8), pulmonary hypertension (n=6), interrupted aortic arch (n=3), pulmonary atresia (n=3), total anomalous pulmonary venous return (n=3), hypoplastic left heart syndrome (n=2),
Tricuspid regurgitation (n=1), Tetralogy of Fallot (n=2), coarctation of aorta (n=2), aortic valve stenosis (n=2), congenital AV block (n=1), others (n=14)]
Urogenital: n=17 (1%) (14 males and 3 females) [hypospadias (n=7), bifid scrotum (n=2), inguinal hernia (n=2), other scrotal anomalies (n=2), undescended testis (n=1), polycystic
kidney (n=1), bladder exstrophy (n=1), others (n=1)]

Respiratory and gastrointestinal: n=33 (2%) (20 males, 13 females) [duodenal or intestinal atresia n=9), anal atresia (n=8), biliary atresia and dilatation (n=3), annular pancreas (n=3),
esophageal atresia (n=3), omphalocele (n=2), upper tracheal stenosis (n=1), umbilical hernia (n=1), pulmonary hypoplasia (n=1), hepatorrhexis (n=1), anal stenosis (n=1)]
Nervous system: n=16 (1%) (9 girls and 7 boys) [hydrocephaly (n=5), microcephaly (n=3), Spina bifida (n=2), Arnold-Chiari malformation (n=1), corpus callosum agenesis (n=1), con-
genital hypopituitarism (n=1), others (n=1), Hirschsprung’s disease (n=2)].

Limb anomalies: n=11 (1%) (7 females, 4 males)

Ocular: n=4 (1 female, 3 males)

Skin: n=3 (only females)

Others: Cleft lip or palate (n=6) (3 females, 3 males), ear problems (n=5) (3 females, 2 males), choanal atresia (n=1) (female), laryngomalacia (n=1) (male), vocal cord paralysis (n=1)
(male), others (n=6)

Multiple defects: n=26 (2%)
Chromosomal abnormalities: n=95 (6%) [Pierre-Robin’s syndrome, Down syndrome, Kabuki’s syndrome, and Turner’s syndrome;
Down syndrome (n=86)] (44 males)

222 (101 males and 121 females, 14.6%; 95% Cl, 12.8%, 16.4%)

25 patients with other congenital abnormalities had thyroid anomalies (agenesis, hypoplasia, ectopic, and dyshormonogenesis).

Primary CH

1520
839/673
(8 unknown)

Gu et al. 2009, Japan [17]

9
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The incidence of congenital heart disorders was three times the expected amount in

There was no significant correlation be- the definite group (the incidence of non-cardiac malformations was not increased.)

Assodiations gmm:hﬁomd_u_ﬁwwﬂk__awﬂ_ .wmm:hw_ﬁ__mm ﬂﬂm_mao_o@\ and eight times higher than the expected in the transient group (non-cardiac malfor-
g ’ mations was four times higher in this group).
7 (20
Cardiac: n=4 (9%) [VSD (n=1), PS (n=1), PDA %w%.ww% %M@m%ﬂ
(n=1), mitral valve prolapse (n=1)] A:upw PS (n=1)] \Aum::m,
Anomalies (Patients with cardiac anomalies also nent CH) Cardiac: n=12 (3%)

showed some dysmorphic features.)
(Cardiac, Urogenital, Urogenital: n=2 (5%) [imperforate hymen,
Gastrointestinal/Respira-| pelvic right kidney and absent left kidney
tory, Nervous System/ o A_zup_v mwmmmﬂw._%\ﬂ _m%:m,\_?uuz "
eletal: n= %) [digitalization o
Musculoskeletal) thumbs (n=11), brachydactyly (n=9)]
Ophthalmological: Strabismus (n=2)
Others: Cleft palate (n=1)

Cardiac: n=16 (28%) Gastrointestinal: n=2 Definite CH: n=4 [PDA (n=1), VSD (n=2), Truncus arteriosus (n=1)]
Others: Facial n=9 (16%), (<1%) [Gastroschisis (n=1), Uncertain CH: n=3 [ASD/PDA+ Down syndrome (n=1), AV canal defect+ Trisomy 18
urogenital, nervous sys- pyloric stenosis (n=1)] (n=1), Coarctation (n=1)]
tem, gastrointestinal (transient CH) Transient CH: n=5 [VSD+ Down syndrome (n=1), AV canal defect (n=1), Coarctation
Nervous system: n=1 (<1%) (n=1), Coarctation + Down syndrome (n=1), AS+ MS (n=1)]
[Septo-optic dysplasia
(n=1)] (permanent CH)
Others: n=3 (transient CH)
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Multiple defects: n=15 (4%)
Definite CH: n=4 [cleft palate (n=1), hip dysplasia and cleft palate (n=1), deafness
(n=2)]

Uncertain CH: n=4 [tracheooesophageal fistula+ Down syndrome+ ASD/PDA (n=1),
tracheooesophageal fistula+ horsehoe kidney+ Trisomy 18 (n=1), cleft palate +coarc-
tation (n=1), cleft palate (n=1)]

Transient CH: n=7
Congenital syndromes: n=16 (5%)

Definite CH: n=6

Multiple defects: n=4 (1%)
Permanent CH: Cleft
palate, dextrocardia, and
imperforate anus (n=1)
Congenital Syndromes/ Neurofibromatosis (n=1)
Chromosomal Abnor- PS, ectopic ureterocoele,

malities and duplication of the left
pyeloureteral system (n=1)

Multiple Defects/
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._._,mMMm_M”mﬁmM_“T/\%m._H.wmm_. Uncertain CH: n=4
- Transient CH: n=6
Patients 12 with . -
With Other Anomalies 22 (major anomalies n=7) 56 wit vma_.ﬁm:ﬁ ( girts, 31 (13 with transient)
3 boys), 5 with transient
(Number)
In the group with other Dyshormonogenesis
Etiology of CH All dysgenesis m:OBm__mmm. >u__ dvsaenesis (n=52), NR
’ Y8 dysgenesis (n=178)
. . Primary CH (224 definite cases
0 . Primary CH (234 with per- !
bl Type of CH (Prima
o] yp B ( s Permanent CH manent, 37 with transient, ww ﬂﬂﬂﬂw”ﬂﬂ
.m Transient, Permanent) and 2 unknown) IR,
5 88 transient)
= . 273
; Sample Size/ 44 681 344
o
) 147/83 (permanent cases
m Female/Male 26/18 NR with thyroid scan results) 219/125
o Name of Author. Year of
3 ofA El Kholy et al. 2007, Egypt [3] Castanet et al.2001, France Devos et al. 1999, Canada Oakley et al. 1998, Scotland [11]
g Publication, Country [20] (18]
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Associations

Anomalies
(Cardiac, Urogenital,
Gastrointestinal/Respira-
tory, Nervous System/
Musculoskeletal)

Multiple Defects/
Congenital Syndromes/
Chromosomal Abnor-
malities

Patients
With Other Anomalies
(Number)

Etiology of CH

Type of CH (Primary,
Transient, Permanent)

Sample Size/
Female/Male

Name of Author. Year of
Publication, Country

No.

Cardiac: n=4 (3%) (95% Cl, 0-2%, 5-:8%) [VSD
(n=1); PDA (n=1); PS (n=1); ASD, spinal and
kidney abnormalities (n=1)] (Significantly
higher than the normal population)
Urogenital: n=2 (1%) [bilateral hydrocele
(n=1); urethral stricture and renal failure
(n=1)]

Skeletal: n=2 (1%) [bilateral talipes, broken
left clavicle (n=1); dysmorphic, small and
extra digits (n=1)]

Nervous system: Lumbosacral myelomenin-
gocele and hydrocephalus (n=1; <1%)

Down syndromen=1 (<1%)
Prevalence of chromosomal anomalies:
1.5%; 95% Cl, 0.5%, 3.5% (three times
higher than the general population)
Multiple defects: Cleft palate, spiky hair
syndrome and choanal atresia (n=1; <1%)

11 (5 males, 8% [95% Cl, 3-4%, 12-6%)])

Dysgenesis n=3; dyshormonogenesis n=3
(others unknown)

Primary CH

136
88/48

Law et al. 1997, UK [22]

14

Cardiac: n=7 (9%) [ASD (n=1; fe-
male), VSD (n=3; 2 female, 1 male),
PDA (n=1; male), hypoplastic heart

(n=1; male), others (n=1; male)]
Urogenital: n=1 (1%) [hypospadias

(n=1; male)]

Nervous system: n=1 (1%) [hydro-
cephalus (n=1; male)]
Others: Neonatal insulin-depen-
dent diabetes mellitus (n=1; male),
ichthyosis (n=1; female), unilateral
ptosis (n=1;female)

Anomalies: Cleft palate,
sagittal synostosis, posterior
urethral valves, VSD, clubfoot,
lipoma of the spermatic cord,
and situs inversus totalis

Multiple defects: n=5 (6%)

Down syndrome: n=3 Down syndrome: n=2 (2%)

10 (5 males, 2 females; 3 with
Down syndrome; 2 males and
1 female) (OR=2.2 95% ClI,
1.03%, 4.11%)

16 (9 males)

In patients with other anomalies:
NR Dyshormonogenesis (n=3), dysgen-
esis (n=5), others (unkown)

Permanent CH Primary CH
87 81
56/31 NR
Roberts et al. 1997. Georgia Al-Jurayyan et al. 1997, Saudi
[26] Arabia [23]
15 16

The prevalence of congenital anomalies was significantly higher than the
general population. In these patients, T4 level and gestational age and
birth weight were significantly lower at screening compared to isolated

CH. There was no significant difference between patients with and with-

out extra thyroidal anomalies in terms of TSH and type of CH.

Cardiac: n=8 (3%)
Urogenital: n=1 (<1%)
Gastrointestinal: n=2 (<1%)
Nervous system: n=1 (<1%)
Others: n=5

Trisomies: n=3 (1%)
Multiple defects: n=2 (<1%)

22 (7 males and 15 females)

In patients with other anomalies:
Dysgenesis (n=15), others (unknown)

235
161/74

Cassio et al. 1994, Italy [28]
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Anomalies
(Cardiac, Urogenital,
Gastrointestinal/Respira-
tory, Nervous System/
Musculoskeletal)

Multiple Defects/
Congenital Syndromes/
Chromosomal Abnor-
malities

Patients
With Other Anomalies
(Number)

Etiology of CH

Type of CH (Primary,
Transient, Permanent)

Sample Size/
Female/Male

Name of Author. Year of
Publication, Country

No.

Cardiac: n=3 (14%) [PDA

(n=2), PS (n=1), VSD (n=1)] -Cardiac: n=13 (2%) (Male/

Lung disease: n=2 (10%)
Cleft lip: n=1 (5%)
Erb’s palsy: n=1

Chromosomal anomalies:
n=2 (10%) [Trisomy 21
(n=1), Ring chromosome
9 (n=1)]

Dyshormonogenesis (n=9),
dysgenesis
(n=8), unknown (n=4)

Permanent primary CH

21
11/10
Majeed-Saidan et al. 1993,
Saudi Arabia
[27]
18

Female=1/5.5
n=12 (non-cardiac)

25

Dysgenesis n=300

759
506/253

Sorcini et al. 1993, Italy
[24]

19

Studies that have
excluded pre-term
infants.

There was no significant difference in terms of type of CH or TSH between subjects.

Cardiac: n=10 (19%) (7 girls, 3 boys)

[PDA (n=1), ASD (n=1), aortic valve stenosis (n=1), tetralogy of Fallot (n=1), total anomalous pulmonary venous
return (n=1), aortic valve insufficiency (n=1), PFO (n=1), hypoplastic left heart syndrome (n=1), ASD+PDA (n=2)]
(Eight children also had other malformations)

Urogenital: n=5 (10%) (all boys) (cryptorchidism, hypospadias, inguinal hernia, hydrocele, hydronephrosis, 3
concurrent gastrointestinal and cardiac anomalies)

Gastrointestinal: n=7 (13%) (5 girls, 2 boys, 3 concurrent heart defects) (umbilical hernia, bile reflex, tracheo-
esophageal fistulas, cleft palate, and meconium plug syndrome)

Respiratory system: n=5 (10%) (3 girls, 2 boys, 3 concurrent heart defects)

Nervous system: n=3 (6%) (all boys, epilepsy, deafness, developmental problems, 2 concurrent heart defects)
Musculoskeletal: n=6 (11%) (4 females and 2 males) (varus and valgus deformities, differences in limb length,
microcephaly, decreased muscle tone)

Dermatological: n=3 (6%) (2 females, 1 male)

Down syndrome: n=1 (2%)

20 (13 females, 7 males)

Dysgenesis (n=29), dyshormonogenesis (n=2), unknown (n=23)

Primary CH

54
33/21

Wedrychowicz et al. 2019, Poland [8]
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Anomalies
(Cardiac, Urogenital,
Gastrointestinal/Respira-
tory, Nervous System/
Musculoskeletal)
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Congenital Syndromes/
Chromosomal Abnor-
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With Other Anomalies
(Number)
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Type of CH (Primary,
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Sample Size/
Female/Male

Name of Author. Year of
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Patients with cardiac anomalies in the
control group: n=0 (*the difference was
statistically significant.)

Cardiac: ASD (n=8), PDA (n=3), Endocar-
dial cushion defect (n=3) (all with Down
syndrome), PS (n=2), VSD (n=1), dilated
cardiomyopathy (n=1) (In total, six
patients had Down syndrome)

18

NR

Primary CH

79
34/36

Ghandi et al. 2018, Iran [1]

2

There were no significant differences in terms
of gender, TSH, T4 or parental consanguinity or
maternal age between patients with and without
other anomalies.

Cardiac: n=7 (5%) [ASD (n=3), VSD (n=2), PS (n=1),
PDA (n=1)]

Urogenital: Severe hypospadias (n=1; 1%)
Skeletal: n=7 (5%) [DDH (n=3), club foot (n=2)
dolicocephaly (n=1), hydrocephaly (n=1)]
Others: Cleft lip and palate (n=1), cataract (n=1)

Down syndrome (n=21; 14%)
VACTERL association (n=1)

30

NR

Primary CH

150
72/78

Razavi et al. 2012, Iran [4]

3

There was no significant difference in disease
severity or etiology between patients with
and without concurrent anomalies.

Cardiac: n=5 (4%) (truncus arteriosus, PS,
PDA, ASD, sick sinus syndrome)
Respiratory: Tracheoesophageal fistula (n=1;
<1%)

Gastrointestinal: n=2 (2%) [omphalocele
(n=1), hypertrophic pyloric stenosis (n=1)]

Nervous system: n=3 (2%) [Hirschsprung’s dis-

ease (n=1), meningomyelocele (n=1), infantile
spasm (n=1)]
Others: Cleft lip (n=1), bilateral ptosis (n=1)

Syndromes: Sotos syndrome (n=1; <1%)

14 (5 females, 9 males), all with permanent

In total:
Dysgenesis (n=37), dyshormonogenesis
(n=62), unknown (n=7)
In patients with other anomalies: Dysgenesis
(n=3), dyshormonogenesis (n=9), unknown
(n=2)

Primary CH (24 with transient)

120
NR

Chao et al. 1997, Taiwan [19]

4

Prevalence of these anomalies was significantly
higher in CH patients: hydrocephalus, diaphrag-
matic hernia, hydronephrosis, polydactyly,
syndactdy, esophageal atresia, cleft lip.

Cardiac: n=14 (6%) [VSD (n=7), PDA (n=3), PS
(n=2), mitral insufficiency (n=1), congenital
atrial flutter (n=1)]

Urogenital: n=4, Inguinal hernia n=5 (total: n=9,
4%)

Gastrointestinal: n=2 (<1%)

Nervous system: n=2
Skeletal: n=7, Congenital dislocation of the hip:
n=8 (total n=15, 6%)

Facial: n=2
Skin: n=1
Others: n=1

Multiple defects: n=7 (3%)

38 (26 girls and 12 boys, 15.6 %)

Dysgenesis (n=101), dyshormonogenesis
(n=32), unknown (n=110)

Permanent primary CH

243
156/87

Siebner et al. 1992, Israel [25]
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W Subgroup analysis showed that this difference was only Cardiac anomalies other than PFO were not significantly different between
S - significant between children with thyroid ectopia and the healthy children and children with CH. Prevalence of these anomalies did

Dpnv control group. However, there was no significant differ- not show any significant difference between permanent and transient cases
“ ence between etiologies in terms of anomalies. and different etiologies.

8

1

1S Cardiac: n=9 (22%) [ASD (n=6), PS

..m (n=1), mitral insufficiency (n=2)]

%.v Urogenital: n=2 (5%) [testicular

"y Anomalies atrophy (n=1), horse shoe kidney

Q (Cardiac, Urogenital, (n=1)] Percentage of craniofacial and morphological abnormali- Cardiac: Patent foramen ovale (PFO) n=23 (CH patients) and n=8 (healthy

m Gastrointestinal/Respira- Skeletal: n=7 (17%) [polysyndacty- ties was significantly higher in CH children compared to controls); ASD (n=2) CH patients; PS (n=1) CH patient; PFO+PDA

< P ly (n=3), pectus excavatum (n=1), the control group (21.8% major and 82.5% had minor  (n=2); PFO + VSD + minimal Aortic insufficiency + dilated left ventricle with
W tory, Nervous System/ pes planus (n=1), developmental abnormalities). borderline function (n=1)

N Musculoskeletal) dysplasia of the hip (n=3)]

Ophthalmological: n=2 (5%) [syn-
kinesia (n=1), strabismus (n=1)]
Craniofacial: n=9 (22%)

Multiple Defects/
Congenital Syndromes/
Chromosomal Abnor-

Multiple defects: 9 (22%)
Syndromes: One patient (2%) was
Studies diagnosed with Fanconi syndrome.

Hashemipour M, et al. Prevalence of Concurrent Congenital Disabilities in Infants With CH. J Pediatr Rev. 2024; 12(2):125-142.

malities that have
excluded Down
syndrome
patients.
Patients 33.1% maj d 96.3% mi jofacial and h
With Other Anomalies 20 ~+/0Mmajoran -7 MInor craniofacialand morpho- 29 (9 controls; OR=2.4, P=0.03, more prevalent among males)
logicalabnormalities
(Number)
. . Dysgenesis (n=185)
Etiology of CH All dysgenesis Dyshormonogenesis (n=57) NR
Type of CH (Prima
P . iy, Permanent CH Permanent CH Primary CH
e Transient, Permanent)
E .
5 Sample Size/ 41 242 96
3 Female/Male 27/14 165/77 45/51
9
o Name of Author. Year of
ﬂ . SR AL, G Kempers et al. 2009, The Netherlands [16] Sabri et al. 2006, Iran [6]
g Publication, Country [10]
=]
) No. 1 2 3
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Anomalies
(Cardiac, Urogenital,
Gastrointestinal/Respira-
tory, Nervous System/
Musculoskeletal)

Multiple Defects/
Congenital Syndromes/
Chromosomal Abnor-
malities

Patients
With Other Anomalies
(Number)

Etiology of CH

Type of CH (Primary,
Transient, Permanent)

Sample Size/
Female/Male

Name of Author. Year of
Publication, Country

No.

There were no significant differences between patients with other anomalies and isolated
CH in terms of T4 or TSH at diagnosis, sex, and birth weight. Prevalence of malformations
in CH children (only children with thyroid dysgenesis) was significantly higher than the
normal population (RR=2.6; 95% Cl, 1.3%, 4.8%; P=0.005).

Cardiac: n=8 (11%) [VSD (n=2), ASD (n=2), atrial-VSD (n=2), valve disorders (n=3), PS (n=2),
tricuspid and mitral valve disorders (n=1), aortic outlet obstruction (sub-aortic ring) (n=1)]
Bifid spine: n=1 (1%)

Others: Cleft palate (n=2)

10 (4 males and 6 females, 3 with ectopia and 7 with agenesis)

Dysgenesis (n=67), dyshormonogenesis (n=9)

Permanent CH

76
47/29

Kreisner et al. 2005, Brazil [15]

4

Cardiac: n=5 (4%) OR=4.48 [Cl, 1.90, 10.58])

Skeletal: n=2 (2%)
Craniofacial; n=2 (2%)
Urogenital: n=2 (2%)
Nervous system: n=2 (2%)
Gastrointestinal: n=1 (<1%)
Ocular: n=1 (<1%)

Case 1, Fetal alcohol syndrome; case 2, PDA, ASD, partial VATER syndrome; case 3 right ventric-
ular hypoplasia, PDA, pulmonary valve atresia, tricuspid incompetence; case 4, PDA, PS; case
5 hypoplastic toes; case 6 congenital hip dislocation; case 7 facial dysmorphy, bifid scrotum,
undescended testis, Dandy Walker malformation, and coloboma; case 8 VSD; case 9 Neurofi-
bromatosis; case 10 ear malformation; case 11 Klinefelter syndrome; case 12 vesico-ureteric

ary atresia, cystic dysplastic kidney, congenital (Ladd’s) bands, hydronephrosis, Tetral-

ogy of Fallot, aberrant hepatic artery and portal vein; case 13 iris tumour and cataract.

reflux,

-Syndromes: n=3

13 (9 females) (OR=2.20 [95% Cl, 1.24%, 3.91%)])

NR

Permanent CH

126
90/36

Kurinczuk et al. 2002, Australia [14]

5

137

Hashemipour M, et al. Prevalence of Concurrent Congenital Disabilities in Infants With CH. J Pediatr Rev. 2024; 12(2):125-142.




Journal of Pediatrics Review

=
S
=2
o~
[3)
S
wv
R
~
—
3]
=
=
o
>

Associations

Anomalies
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Etiology of CH
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Name of Author. Year of
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Studies that have excluded pre-term infants
and Down syndrome patients.

Thyroid agenesis was significantly more prevalent in children with concurrent anomalies compared to children with CH alone.

Cardiac: n=26 (12%) [PDA (n=8), ASD (n=5), PS (n=2), VSD (n=1), ASD+VSD (n=1), VSD+ PDA (n=1), ASD+PDA+ tricuspid insufficiency (n=1),
PDA+ pulmonary stenosis (n=1), VSD+ tricuspid insufficiency (n=1), PDA+ strabismus (n=1), ASD+ strabismus (n=1), PDA+ congenital midria-
sis (n=1), ASD+ cleft lip and palate (n=1), PS+ hepatic hemangioendothelioma (n=1)]

Urogenital: n=2 (1%) [Cryptorchidism (n=1), Phymosis (n=1)]

Gastrointestinal: Hepatic hemangioendothelioma (n=1; 2%)

Nervous system: n=4 (2%) [frontotemporal agenesis (n=1), hydrocephalus (n=1), Hirschsprung disease (n=2)]

Skeletal: n=4 (2%) [inferior limbs asymmetry (n=1), Talipes equinovarus (n=1), lumbosacral dysraphia (n=1), hip dysplasia (n=1)]
Ophthalmological: n=>5 [Strabismus (n=3), Congenital bilateral cataract (n=1), Affected 3th and 4th cranial nerves and palpebral ptosis
(n=1)]

Craniofacial: n=4 (8%) [Sella Turcica dysplasia (n=1), right microtia (n=1), Neonatal teeth (n=1), facial hemangioma (n=1)]

Others: Frontonasal dysplasia (n=1), cleft palate+ dermoid cyst (n=1), right microtia+ strabismus (n=1)

Multiple defects: n=12 (6%)
Syndromes: n=4 (2%) [Beckwith Wiedemann syndrome (n=1), VATER association (n=1), Albright’s hereditary osteodystrophy (n=1), Pierre
Robin sequence (n=1)]

52

Dysgenesis (n=182), dyshormonogenesis (n=2), undiagnosed (n=28)

Permanent primary CH

212
150/62

Monroy-Santoyo et al. 2011, Mexico [12]

1
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Abbreviations: PDA: Patent ductus arteriosus; CH: Congenital hypothyroidism; VSD: Ventricular septal defect; ASD: Atrial septal defect;
DDH: Developmental dysplasia of the hip; VATER: Vertebral defects, anal atresia, esophageal atresia/tracheo-esophageal fistula, renal dys-
plasia, radial-limb anomalies; VACTERL: Vertebral abnormalities, anal atresia, cardiac defects, tracheal-esophageal abnormalities, including
atresia, stenosis and fistula, renal and radial abnormalities, limb abnormalities; NR: Not reported.

Thyroid agenesis is associated with a higher rate of ex-
tra-thyroidal malformations [12]. However, Rather et al.
showed a high incidence of anomalies in patients with
dyshormonogenesis [2]. Considering the critical role of
thyroid hormones in cellular growth and differentiation,
the lack of sufficient amounts of thyroid hormones in
the early stages of organogenesis is another hypothesis
for the high incidence of congenital malformations ob-
served in CH patients [12, 29].

It is recommended that in future studies the presence
of different anomalies will be evaluated by genetic stud-
ies, to determine the possible association between CH-
related genetic factors and the anomalies.

Recent evidence shows that environmental factors
mainly, pollutants during the prenatal period, may have
a role in fetal development. Considering that there are
not many studies in this field, this issue is considered an

essential issue in studying the pathogenesis of CH and
its related anomalies [30].

The wide range of the prevalence of concomitant
anomalies reported in patients with CH might be relat-
ed to differences in the studied populations, or different
study methods and criteria [15]. Overall, considering
the high frequency of extra-thyroidal anomalies in CH
infants, a complete evaluation of the child diagnosed
with CH, especially for cardiac, renal, and nervous sys-
tem anomalies, is needed.

Studies have shown that cardiac and musculoskeletal
malformations are more prevalent in girls with CH, and
nervous system and urogenital abnormalities are more
common in boys [8, 17]. In the study by Gu et al., 1520
patients with CH were evaluated, and 222 patients
showed concurrent anomalies. In this study, cardiac
anomalies were 1.25 times more prevalent in girls than
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boys (10% of the girls and 8% of the boys showed cardiac
anomalies, respectively), urogenital anomalies were 10
times more common in boys (3% of the boys and 0.3%
of the girls showed urogenital anomalies, respectively),
and nervous system anomalies were present in 8 girls
and 6 boys (the prevalence of nervous system anoma-
lies was near 1% in both genders) [17].

These findings would help plan the future screening
protocol for evaluating non-thyroidal anomalies.

Studies from countries with high rates of CH indicated
that parental consanguinity could be a potential risk fac-
tor for CH [31, 32].

It is suggested that consanguinity may also be a risk
factor for the presence of the mentioned anomalies. In
reviewed studies, this factor had not been investigated
in most of the studies, and only in 1 study the rate of
consanguinity was higher in CH patients with two or
more anomalies than those without [25]. Ghandi et al.
reported a high prevalence (22.7%) of congenital heart
defects in CH infants. They observed that consanguinity
marriage was not related to the occurrence of cardiac
anomalies [1].

According to our findings, cardiac anomalies were
higher in countries with a higher rate of CH than in Euro-
pean countries, where both rates of CH and consanguin-
ity were not high. It is recommended to study the rate of
different anomalies in association with consanguinity to
find out the possible role of some genetic factors in the
development of CH and its related anomalies.

Regarding the association between familial, demo-
graphic, and screening factors associations with CH-
related anomalies, some studies indicated that low T4
level prematurity and low birth weight are associated
with the anomalies [5, 28]. These findings confirm the
role of thyroid hormone in fetal development and its
possible role in CH-related anomalies. The association
between prematurity and anomalies in CH patients is a
challenging issue. However, prematurity itself is associ-
ated with a high rate of CH and also anomalies [33, 34].

Further studies are needed to investigate the role of
the mentioned factors in this field.

Conclusion

Congenital anomalies are more common in CH patients
compared with the general population, even in the ab-
sence of congenital syndromes or chromosomal ab-
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normalities. The most common anomalies are cardiac,
craniofacial, urogenital, and nervous system. Cardiac
anomalies are more frequent among girls. The most com-
mon cardiac anomalies are septum defects. It is recom-
mended that we use the data for revising the CH screen-
ing program to screen the most common anomalies.

Study limitations

This study faced several limitations. First, in a number
of the included studies, male to female ratio, CH type
(transient or permanent), and the type of anomalies are
not reported. In patients with multiple anomalies, the
type of each anomaly has not been reported. Also, due
to the lack of complete information about the anoma-
lies found in each patient, it is not possible to exclude
all patients with Down syndrome and pre-term babies
in all of the studies. The number of patients with con-
current anomalies, excluding patients with Down syn-
drome and pre-term infants, is only reported from the
studies that have excluded these patients. In addition,
included studies have not examined intervening vari-
ables such as race, consanguineous marriage, and fami-
ly history. However, this study highlights the importance
of at-birth screening in CH infants for other congenital
anomalies considering the high frequency of extra-thy-
roidal malformations in these patients.
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