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Background. Down syndrome (DS) is the most common chromosomal abnormality in the paediatric setting, and thyroid dysfunction is
more commonly encountered in this population than among the general population. The literature shows that the most common type of
thyroid dysfunction seen in these children is subclinical hypothyroidism.

Objective. The purpose of this study was to establish the prevalence and spectrum of thyroid disease in this population, with the aim of
establishing easy-to-follow protocols.

Method. A retrospective study was conducted in children with DS who were seen at the paediatric genetic clinic at two academic hospitals.
Data were collected from the hospital files and the results were extracted from the National Health Laboratory Service database system.
Results. A total of 158 children were recruited; 25 children were excluded as they had had no thyroid function tests done. From the total
of 133 included children, 70 (52.6%) were male. Babies born in one of the two hospitals numbered 60 (45.1%), whereas 54.9% were born
in the other hospital. A total of 77 (57.9%) were found to have thyroid dysfunction; 55.8% of these patients were male. The most common
thyroid abnormality was subclinical hypothyroidism in n=66/133 (49.6%), accounting for 85.7% of the causes of the thyroid dysfunction.
Most children (n=45/133 (33.8%)) had their first thyroid function test done before the age of 2 months, followed by the age group of
1 - 5 years (n=34/133 (25.56%)). The total number of children started on treatment for their thyroid dysfunction was n=5/77 (6.49%).
Conclusion. Thyroid dysfunction is seen more commonly in children with DS compared with the general population, which was very
evident in the present study. A standardised protocol will have a significant impact on the early management of these children, to
prevent further cognitive impairment, especially in developing countries and at any level of healthcare. The recommendations for thyroid
dysfunction screening by the American Academy of Pediatrics can be adjusted and tailored for the South African population. Early
diagnosis and referral of children with DS to a secondary- or tertiary-level facility is of utmost benefit for these children for screening and

treatment of comorbidities and complications.
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Down syndrome (DS) is the most common chromosomal
abnormality in South Africa and the world at large. It occurs in
approximately 1 in 800 live births worldwide.!! In the majority
of cases, DS is due to non-disjunction of chromosome 21 during
meiosis, and the remainder of the cases are due to translocation or
mosaicism. The diagnosis of DS is made on the clinical findings
and on genetic testing karyotype for trisomy.”?! In most developing
countries, karyotyping is not feasible for most cases and therefore
a clinical diagnosis based on phenotypical features is made,
with 88% accuracy.”! DS is associated with an increased risk of
medical problems. The most commonly encountered problems in
this population include gastro-intestinal, cardiac, haematological,
developmental and endocrine abnormalities.*!

A common endocrine condition found in DS children is thyroid
dysfunction and, if left untreated, can contribute immensely to
the developmental and intellectual impairment of these children.
The prevalence of thyroid dysfunction in children with DS is
estimated to range between 4% and 19.5%.°” The spectrum of
dysfunction in children with DS ranges from overt disease that
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requires treatment to transient forms that require only observation
and close monitoring."! The spectrum of thyroid dysfunction
includes congenital hypothyroidism, subclinical hypothyroidism,
acquired hypothyroidism (auto-immune and non-auto-immune)
and hyperthyroidism.”! The most common form of thyroid
dysfunction in children with DS found in most studies worldwide is
subclinical hypothyroidism.®

Thyroid hormones are essential for metabolism and development
of a child.” Thyroid hormones specifically are essential for central
nervous system development; they affect neuronal migration
and differentiation, myelination, synthesis and secretion of
neurotransmitters and activation of the sympathetic nervous
system.””) Therefore, the screening for thyroid dysfunction is
essential, especially in a population that is known to be at higher
risk, such as DS. Thyroid dysfunction, if left untreated, will result
in worsening of psychomotor development, mental retardation
and growth retardation.”’ These consequences are devastating
to the developing brain of these children, and therefore early
diagnosis and treatment initiation is imperative. In First-World

SAJCH DECEMBER 2023 Vol.17 No. 4


https://doi.org/10.7196/SAJCH.2023.v17i4.2007

ARTICLE

countries, routine screening for thyroid dysfunction is mandatory.
The American Academy of Pediatrics (AAP) recommends thyroid
function screening in children with DS at birth, 6 months,
12 months and thereafter yearly."”! In developing countries such as
South Africa, this is not routinely done, and there have been few
studies done in Africa at large.""! There are no local South African
nor African guidelines for thyroid screening of these children.

The purpose of the present study is to establish the spectrum of
thyroid dysfunction in this population and the age of diagnosis of
thyroid dysfunction. These data will in turn assist in establishing the
crucial points or age range for screening in our setting.

Methods

A retrospective study was conducted in two academic hospitals
based in Pretoria, Gauteng, South Africa, namely Kalafong
Provincial Academic Hospital and Steve Biko Academic Hospital.
These hospitals both have a genetic clinic run by the same
consultant, once a week in each hospital. The data collected
included all children with DS who followed up at these clinics from
January 2015 to December 2019. Their thyroid function tests were
obtained from clinical files and electronically from the National
Health Laboratory Services (NHLS) Web Results Viewer (https://
trakcarelabwebview.nhls.ac.za).

Ethics approval was obtained from the University of Pretoria
Research Ethics Committee (Ethics reference number: 88/2021)
as well as the National Health Research Database (NHRD). A data
collection tool was used in which information including the age,
sex, age at diagnosis of DS, method of diagnosis of DS and age of
first thyroid function with subsequent thyroid function tests was
recorded. The presence of comorbidities, final diagnosis and whether
or not the child was initiated on treatment was also recorded.
Thyroid function test analysis was done using the Beckman Coulter
Chemistry analyzer DxC600i. The reference ranges used by the
NHLS for thyroid interpretation were obtained from the chemistry
laboratories at Steve Biko Academic hospital and Kalafong Provincial
Academic Hospital who use the cutoffs supplied by Abbott.

Definitions of terms

Down syndrome diagnosis

« Phenotypic DS: DS was diagnosed phenotypically by the presence
of specific clinical features, namely a flat facial profile, up-slanting
eyes, epicanthic folds, macroglossia, small and abnormally shaped
ears, single palmar crease, sandal gap, hypotonia and often
associated with a congenital heart defect.!"

o Genetically confirmed DS: In some cases, DS was also diagnosed
genetically, defined as the chromosomal defect on chromosome 21,
as commonly referred to as trisomy 21 on QF-PCR or karyotype.*?!

Definitions of thyroid abnormalities""

« Congenital hypothyroidism: high TSH in the neonatal period with
alow T4

« Subclinical hypothyroidism: high TSH with a normal T4 at diagnosis

o Overt hypothyroidism: high TSH with a low T4 at diagnosis

o Central hypothyroidism: low or normal TSH with a low T4 at
diagnosis

« Hyperthyroidism: low TSH with a high T4 at diagnosis.

Normal reference ranges for thyroid function test in the National
Health Laboratory services are provided according to age.

TSH levels were regarded as abnormal if outside the reference
interval used at the NHLS (0.27 - 4.2 mlU/L) in adults or older
children.!"!

193

Statistical analysis

The data were entered and analysed using Microsoft Excel and
Stata 16 (StataCorp. 2019. Stata Statistical Software: Release 16.
College Station). Data were summarised as frequencies along with
percentages. Associations with final diagnosis were assessed using
chi-square tests, t-tests for normally distributed variables and quantile
regression for variables that were skewed. A p-value <0.05 was
considered to be statistically significant.

Results

A total of 158 children were recruited for this study; 25 children were
excluded as they had no thyroid function test (TFT) done. From the
133 included children, 70 (52.6%) were male and 60 (45.1%) were
inborn. The diagnosis of DS was confirmed genetically in 55 (41.35%),
while the remaining 78 (58.64%) were phenotypic DS. The median age
at diagnosis of DS was one day with a range of one day to 72 months
of age. All children included had at least one TFT done. In his study,
33 children had only one TFT done (22.55%), 30 (22.55%) had a
TFT done twice, and the remaining 73 (54.9%) had three or more
TFTs done. Most children had their first TFT done before the age of
two months (as a neonate); 45 (33.8%), followed by the age group of
1 - 5 years; 34 (25.5%).

A total of 77 (57.9%) of the patients’ TFT results were abnormal;
44 (57.1%) were male and 33 (42.9%) female. Analysis of the various
thyroid abnormalities revealed 85.7% (n=66/77) to have subclinical
hypothyroidism which was transient in 40.3% (n=31/77) of patients.
In the transient group, thyroid functions normalised within an
average of 6 - 12 months. Congenital hypothyroidism was found
in 5.2% (n=4/77), overt primary hypothyroidism in 2.6% (n=2/77)
and central hypothyroidism in 6.5% (n=5/77), the latter being
transient in 3.9% (n=3/77) while the remaining 2.6% (n=2/77)
did not receive a repeat TFT nor work-up. No patient with DS in
this cohort was found to have hyperthyroidism. The mean age at
diagnosis was 1 month (range 8 days - 2 months) in the congenital
hypothyroidism group, 23 months (range 0.1 - 173 months) in
the subclinical hypothyroidism group; 60 months (range 41 -
79 months) in the overt primary hypothyroidism group, and
91.6 months (range 13 - 153 months) in the central hypothyroidism
group. The median TSH at diagnosis was 67.85 IU/mL (range
42.95 - 92.74) in the congenital hypothyroidism group, 6.19 ITU/mL
(range 1.6 - 24.48 IU/mL) in the subclinical hypothyroidism group,
5 IU/mL in the overt primary hypothyroidism group, and 4.32
IU/mL (range 2.33 - 9.31) in the central hypothyroidism group.
The median T4 at diagnosis was 7.45 pmol/L (range 6.4 - 8.5) in the
congenital hypothyroidism group, 14.15 pmol/L (range 9.2 - 20.6)
in the subclinical hypothyroidism group, none in the overt primary
hypothyroidism group, and 9.9 pmol/L (range 9.2 - 23.2) in the
central hypothyroidism group (Table 1).

The total number of children on treatment who had abnormal
TFTs was n=5/77 (6.49%); 1 child had overt primary hypothyroidism
and 4 children had congenital hypothyroidism. One child had mild
overt primary hypothyroidism which recovered on subsequent
testing without treatment and, in the 5 children with central
hypothyroidism, 3 had transient dysfunction which resolved and 2
were lost to follow-up and therefore untreated. None of the children
with subclinical hypothyroidism was treated in this study as there
is currently no consensus with regard to the clinical significance,
investigation nor treatment of subclinical hypothyroidism in national
or international guidelines."!

The comorbidities established in this study population included
cardiac defects predominantly (in 9.0%), followed by attention
deficit hyperactivity disorder (2.25%), autism spectrum disorder
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Table 1. Patient demographics and thyroid function

No thyroid abnormalities

Thyroid abnormalities

Characteristics n (%) n (%) p-value
Gender Male 26 (37.1) 44 (62.9) 0.22
Female 30 (47.6) 33 (52.4)
Inborn No 36 (49.3) 37 (50.7) 0.06
Yes 20 (33.3) 40 (66.7)
Age at diagnosis of DS* 0 - 2 months 48 (39.3) 74 (60.7) 0.22
3 - 6 months 0 0
7 - 24 months 2 (100.0) 0
>2 years 1 (50.0) 1 (50.0)
Unknown 5(71.4) 2 (28.6)
Median TSH' in mIU/L (range) 3.07 (0.6 - 5.5) 6.11 (1.6 - 92.7) <0.001
SC-H (n=52) - 6.19 (1.6 - 24.5) <0.001#
CON-H (n=2) - 67.85 (43.0 - 92.7)
OP-H (n=1) - 5.46
CEN-H (n=4) - 432(2.3-93)
Median T4® in pmol/L (range) 14.40 (10.5 - 20.5) 14.00 (6.4 - 23.2) 0.40
SC-H (n=23) - 14.15 (9.2 - 20.6) 0.51¢
CON-H (n=2) - 7.45 (6.4 - 8.5)
OP-H (n=0) - -
CEN-H (n=3) - 9.9 (9.2-232)
Median age at follow-up TFT? in months (range) 30 (0.5-17) 12 (0.16 - 173) 0.06
On treatment No 56 (43.8) 72 (56.3) 0.05
Yes 0 5 (100.00)

SC-H = subclinical hypothyroidism; CEN-H = central hypothyroidism; CON-H = congenital hypothyroidism; OP-H = overt primary hypothyroidism;

TFT = thyroid function test.

*Seven patients did not have a known age at diagnosis of Down syndrome.
"Thirty patients had insufficient or rejected TSH results.

“Those with SCH-H compared with those with no thyroid abnormalities.
SFifty-four patients had insufficient, rejected or not done T4 results.
“Thirty patients did not have a known age at follow-up TFT.

(1.5%), epilepsy (1.5%), cystic fibrosis (1.5%), significant intellectual
impairment (0.75%), stroke/cerebrovascular accident (0.75%) and
hyperparathyroidism (0.75%).

Discussion

DS is one of the most common chromosomal abnormalities.
Multisystemic involvement including thyroid dysfunction can cause
significant morbidity if left untreated.™ The thyroid hormone plays
a vital role in metabolism, growth and development of children,
especially in infancy.® The clinical presentation of hypothyroidism in
an older child can be missed, as the signs and symptoms can overlap
with that of DS.I'7]

In the present study, a total of 77 (57.9%) DS patients had thyroid
dysfunction. This was much higher than in the study previously done
in Johannesburg, South Africa, that showed thyroid dysfunction in
34.5% and was also higher than a recent study in Ethiopia revealing
thyroid dysfunction in 47.7%.1"") Our local prevalence was also higher
than reported in other international studies in developed countries
such as California, USA, which reported a prevalence of 32.5%.>!"18
It is important to note, however, that the inclusion of transient cases
may have contributed to the higher total number of cases of thyroid
dysfunction in this study as compared with the other studies. The
current recommendation by the AAP suggests that children be tested
at birth, 6 months, 12 months and then annually." The study done
in Ethiopia proposed that screening should include at least a test at 2
months, as they had a large number of children diagnosed between
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birth and 2 months. Similarly, in this study, a significant number of
children had thyroid abnormalities evident on testing done between
birth and 6 months, with the highest number (33.8%) being between
0 and 2 months’ age.

In the general population, thyroid dysfunction is seen more
commonly in females than in males.?) In contrast, in children with
DS, more males than females have thyroid abnormalities." In the
present study, similar findings were observed even though the findings
were not statistically significant (p-value 0.376). The most common
cause of thyroid abnormalities in this small cohort was subclinical
hypothyroidism (85.7%); however, in 40.3% it was transient, with
subsequent normalisation of their thyroid functions. Similar findings
have been observed in a number of studies done previously in other
institutions. This phenomenon can be explained by the transient or
temporary deficiency of the thyroid hormone which later recovers
owing to improved thyroxine production.?

There are conflicting views on whether to treat DS children who
have subclinical hypothyroidism. There are also different views
over the cut-off point to be used to decide on treatment. Some
authors have recommended not treating subclinical hypothyroidism
in children with DS because it is benign and self-remitting in nature,
while other authors argue that early treatment is potentially harmless
and can improve growth and development including intellectual
function in children with DS.?*! The recommendation suggests
that treatment should be considered and confined to children with
DS who have progressed from subclinical to overt hypothyroidism
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and those with a TSH >10 uU/mL. Treatment is also suggested in
DS children who are symptomatic, including those with goitre and
where antithyroid antibodies have been detected.*"! Thyroid hormone
replacement therapy is not indicated in children with idiopathic
subclinical hypothyroidism, mild subclinical hypothyroidism, negative
antithyroid antibodies and no goitre with no ultrasound evidence
of hypothyroidism. It is, however, evident that a small percentage of
children with hypothyroidism may not have antithyroid antibodies.
In a case where no therapeutic intervention is done, the clinical status
and TFTs should be monitored periodically and each case be managed
individually.>

Ithas been established that DS can affect practically any organ system
in the human body. The appropriate management of comorbidities
plays a significant role in the quality of life of these children.
Children enrolled in the present study had comorbidities of which
the most common finding was congenital cardiac disease.’”” A child
with DS should be seen at least once by a paediatrician for further
evaluation in order to properly screen for all possible conditions
associated with this syndrome.? In African countries, especially in
the public sector, not every child will receive the opportunity to be
seen by a specialist paediatrician as is recommended, which calls for
an intervention in the form of increased awareness and established
protocols that can be used at any healthcare level.

The main aim of the present study was to establish the spectrum of
disease in the DS population with the aim of establishing an easy-to-
follow protocol. In the South African population, owing to the general
socio-economic status of patients, many children are lost to follow-up.
Awareness of DS should be emphasised at primary healthcare level so
that the transfer or referral to a secondary or tertiary level can be made
timeously. The recommendation to add a thyroid screening protocol
to local neonatal and paediatric clinical guidelines at secondary- and
tertiary-level hospitals should be considered.

The study had several limitations. The population size was small,
and it was a retrospective study based on hospital files which did not
always have complete information. Some patients were also lost to
follow-up and subsequently did not have repeat TFTs. The study also
did not include a control group. Regarding strengths, this study was
conducted in two different hospitals; however, further larger studies
would be beneficial to fully assess the impact of thyroid dysfunction
and the necessity for treatment of subclinical hypothyroidism in the
population of children with DS.

Conclusion

Thyroid dysfunction is seen more commonly in children with
DS than among the general population, which was very evident
in the present study. A standardised local protocol will have a
significant impact on the management of these children, especially
in developing countries and at any level of healthcare. The
recommendation by the AAP, which recommends thyroid function
screening in children with DS at birth, 6 months, 12 months
and thereafter annually, should be followed in the South African
population. Possibly it may be tailored to our population with the
addition of a further test at 2 months (if no thyroid function was
done at birth) owing to the higher rates of thyroid dysfunction
diagnosed in the neonatal period.

Owing to the multiple complications and comorbidities that
occur in children with DS, it is recommended that children with
DS should be recognised early (preferably in the neonatal period),
diagnosed and referred to a secondary- or tertiary-level centre to
be seen by a specialist paediatrician for adequate screening and
monitoring.
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