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Abstract

Background: Children with Down syndrome tend to have accompanying comorbidities, such as
hypothyroidism, and late detection of this ailment leads to reduced growth of the child. This study

aimed to assess the growth patterns in children with Down Syndrome and hypothyroidism at diagnosis.

Methods: This cross-sectional study was conducted from September to December 2020 with 56 subjects
at the Pediatric Endocrine Outpatient Clinic of Dr. Soetomo Hospital. Diagnosis of Down Syndrome
was confirmed by karyotyping, while the weights and heights were assessed using a standardized
curve for children with Down Syndrome and then calculated using Peditools. Fifty-six children with
Down Syndrome and hypothyroidism were included, comprising 32 boys and 24 girls (mean age,
37.75 + 34.26 months). Majority of the subjects had normal weight, height, and Body Mass Index
(36/56 [mean z-score, —1.62 + 2.36], 33/56 [mean height-z-score, —0.43 + 2.74], and 30/56 [mean
z-score, —2.00 + 2.06], respectively). Furthermore, the mean onset of diagnosis was 17.07 + 32.23
months, where 23 out of the 56 children had short stature and had gotten diagnosed at over 12 months
of age.

Conclusion: From the results obtained, hypothyroidism can be said to be associated with reduced

growth in children with DS.
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Introduction

Short stature is one of the most recognized
features in children with Down syndrome (DS),
and in a healthy population of children with this

condition, 35.7% were found to have short stature' .
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Consequently, several adapted growth charts are used
to assess the growth of children with DS *7. The
prevalence of short stature is increased by 46.2% in
children with DS and hypothyroidism compared to
those without hypothyroidism ® Children with DS
experience late growth until 12—15 years, when they
are approximately 20 cm shorter than children at the
same age but without the condition ?. Short stature is
one of many complications caused by hypothyroidism,
which is, as a result, often suspected if it occurs in
adolescence. It should be suspected in children with

short stature, as a study conducted in India showed
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that almost 50% of these had hypothyroidism '°.

Hypothyroidism is a common comorbidity
accompanying DS, and previous studies show that
the incidence in people with this condition is 12 to
22 times that of individuals without!', Neonates
suspected of having DS often demonstrate an increase
in plasma thyroid-stimulating hormone (TSH),
and hypothyroidism is found in 4%-8% of this

12, Thyroid hormone is associated with

population
cognitive development in the central nervous system
during childhood, and any abnormality in its function
may interrupt brain development, and consequently,
general growth and development!™'!. Consequently,
hypothyroidism is believed to impair the growth of
children with DS and increase their chances of having
short stature. Although the detection of congenital
hypothyroidism should be performed for every baby
born', it is different in babies with DS. A study stated
that autoimmune hypothyroidism occurs at five (5)
months, and many were diagnosed at eight (8) years'4.
Hence, detecting congenital hypothyroidism in babies

with DS can happen after a few years'.

Research on DS with hypothyroidism has
not been widely studied in Indonesia, especially
regarding the growth of children, although growth
studies have been performed on subjects with Turner
syndrome '°. Therefore, this study aims to assess
how hypothyroidism impacts the growth pattern of
children with DS.

A greater understanding of the growth pattern
of children with DS and hypothyroidism could
lead to earlier diagnosis and intervention. Early
intervention has proven to offer good results in
preventing and treating growth disorders in patients
with these conditions !7. Indeed, current guidelines
suggest evaluating thyroid function in DS just after
birth and every six (6) months afterward to detect
problems earlier '®. Moreover, the high incidence
of short stature in patients with hypothyroidism has
been shown to improve with earlier diagnosis and

appropriate therapy 7.

Materials and Methods

This study used a cross-sectional design and
was performed from September to December 2020.
The data were obtained from the patients’ medical
records, and the subjects were interviewed to
collect hypothyroid history and nutritional status.
This process was performed during their visit to the
Pediatric Endocrine Outpatient Clinic of Dr. Soetomo

Hospital.
Sample

This study involved children diagnosed with both
DS and hypothyroidism and registered at the Pediatric
Endocrine Outpatient Clinic of Dr. Soetomo Hospital.
The inclusion criteria were patients aged 1-5 years,
diagnosed with both conditions, while critically
ill patients were excluded. Fifty-six (56) patients
between 1 and 5 years of age (32 boys and 24 girls)
were the subjects in this study. The weight-for-age,
height-for-age, body mass index (BMI)-for-age, and
BMI were presented.

Down syndrome

The DS diagnosis was confirmed physically by
referring to the Fried ef al. 'Y criteria, which evaluated
the abundant neck skin, downturned mouth corners,
general hypotonia, and flat face. Other indications are
dysplastic ear, epicanthic eye-fold, the gap between
the first and second toes, and protruding tongue. This
diagnosis was confirmed by a karyotyping test.

Instrument / Nutritional status

The nutritional status of children with DS was
classified by Zemel et al. ? after recalculation of the
standard growth curve of children with the condition.
Using the Peditools.org website, the z-score of each
growth parameter was calculated. The instrument,
peditools.org/downinfant/, was used for children aged
0-2 years, while peditools.org/downpedi/ was used for
those older than 2 years. Then, the height-for-age was
classified either as short stature or normal based on

the DS curve and z-score classification by Peditools.
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According to WHO child growth standards, 2006, a
z-score of -3.00 is severely stunted, -3.00 to -2.01 is
moderately stunted, while -2.00 to 1.01 is mild.

Evaluation of data

A descriptive test was used to analyze the data
using SPSS 17.0 software (IBM SPSS), while the
mean and standard deviation of each element was
used for the baseline and clinical characteristics. The
Kolmogorov—Smirnov test was also used to evaluate
the normality of each dataset.

Ethical permission

This study received ethical approval from the
Ethics Committee overseeing health research at Dr.
Soetomo Hospital (Ref. No.: 1960/KEKP/IV/2020).

Results and Discussion

This cross-sectional study included 56 children
with DS and hypothyroidism, comprising 32 boys
and 24 girls, at 57.1% and 42.9%, respectively, with
an average age of 37.75 £+ 34.26 months old. The
baseline characteristics and history of these patients
are presented in Tables 1 and 2. Most of the subjects
had normal weights, heights, and BMI (36/56 [mean
z-score, —1.62 £ 2.36], 33/56 [mean height-z-score,
—0.43 + 2.74], and 30/56 [mean z-score, —2.00 =+
2.06], respectively). Based on the nutritional status,
20 of the 56 subjects, at 35.7%, were revealed to be
underweight, while 23, at 41.1%, had short statures.
The mean duration of hypothyroid illness was 22.97 +
23.24 months, while the mean onset age was 21.65 +
39.76 months. Finally, the mean z-score of all criteria

was within the normal limitof -2 <z < 2.

Table L. Frequency of subject characteristics

Characteristic

- Girl

Weight-for-age
- Severely underweight
- Underweight
- Normal

Height-for-age
- Short stature
- Normal

BMI-for-age
- Severely wasted
- Wasted
- Normal

N (%)

32(57.1)
24 (42.9)

12 (21.4)
8 (14.3)
36 (64.3)

23 (41.1)
33 (58.9)

11 (19.6)
15 (26.8)
30 (53.6)
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Table I1. Baseline characteristics of subjects

Characteristic Mean (SD) Minimum Maximum N
Age (months) 47.75 (34.23) 2 129 56
Illness duration (months) 23.25(23.63) 0 90 56
Onset age (months) 17.07 (32.23) 0 163 56
Weight-for-age z-score —1.62 (2.36) —10.13 1.66 56
Height-for-age z-score —0.43 (2.74) —5.66 4.88 56
BMI-for-age z-score —2.00(2.06) —0.68 0.80 56

Based on the results, 23, i.e., 41.1% out of the
56 children with DS and hypothyroidism, had short
statures, while the remaining 33, at 58.9%, were
classified as normal. This finding is consistent with
the report by Nam et al, which concluded that
infants with DS are likely to have short statures,
especially when accompanied by comorbidities, such
as a history of infectious or non-infectious diseases
20 Adequate and complete nutrient intake is also
a strong predictor of nutritional status, including
height-for-age in infants 2!. Furthermore, a study
by the Leung brothers had similar findings to this
investigation that hypothyroidism can stunt growth
and cause short stature in the absence of immediate
therapy to improve the growth gap 2. Growth failure
in the thyroid may be related to the need for cartilage
maturation to T3 . Histologically, individuals with
chronic hypothyroidism will demonstrate a delay in

bone maturation and resting on the epiphysial plate 4.

As seen in Table 2, the mean age at diagnosis
of hypothyroidism was 17.07 months, while some
subjects were diagnosed as late as 20-23 months
old. This is a cause for concem, as delayed diagnosis
causes physical and intellectual disorders 325, and
substitution therapy can improve hypothyroidism
symptoms ®. A study conducted in Turkey reported
the average age of diagnosis to be 49 months 2. Early

diagnosis is crucial to prevent sequelae, as although a

delay in diagnosis can lead to poor growth, it can be

reversed ®, unlike intellectual delays 7.

Zemel et al. conducted an epidemiological
study on nutritional status and DS in the United
States 2. It showed that the mean z-scores of height-
for-age (—1.7 + 1.2), weight-for-age (—0.8 + 1.2),
Head Circumference (HC)-for-age (1.6 + 1.0),
and BMI-for-age (0.9 + 1.0) were accompanied by
a BMI value of 21.1 £ 5.8. These values are similar
to our study, although only individuals with DS and
hypothyroidism were included. However, several
studies reported no decrease in the z-score of the
nutritional status as a result of hypothyroidism 2%
The hypothyroid condition is a hypometabolic state
in which the basal metabolic rate (BMR) decreases
2930 hence, some individuals with hypothyroidism
experience excess nutrients rather than a lack *'. Also,
the BMR in healthy individuals and those with DS
devoid of other comorbidities are similar, meaning
that DS does not affect BMR?Z,

Concerning the nutritional status of the patients
in this study, 35.7% were underweight and severely
underweight, compared with the research by Al-
Fahham et al., where the prevalence in the DS group
was only 14.3%7. However, this previous research also
found congenital heart disease (CHD) in DS patients,
a common comorbidity in this condition, similar to
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this study, where 25% of the sample also had CHD'".
Conversely, Al-Fahham found that the incidence of
underweight subjects in the CHD group at 34.2%,
which was greater than that observed in this study.
Hypothyroidism is a chronic disease that can affect
an individual’s nutritional status, especially during
growth and development®. A study from Al-Aaraj et
al. showed an improvement in the nutritional status
of individuals with DS undergoing hypothyroidism
therapy at height-for-age and BMI-for-age®.

The main limitations of the current study were
that it was single-centered and included only a small
proportion of children with DS and hypothyroidism
that had short stature, meaning more research of
similar samples is required to confirm this this
relationship. Also, it did not compare a population of
children with DS without hypothyroidism. This should
be considered in prospective studies, as it would assist
in drawing conclusions about the association between
both conditions. Also, it will be important in future
studies to perform early screening of hypothyroidism
when examining the incidence of short stature in
a similar population of children. If possible, the
Indonesian multi-center epidemiological research will
be performed to obtain more representative results on

these conditions.

Conclusion and Acknowledgement

Hypothyroidism, as a comorbidity, has been
shown to be associated with reduced growth of
subjects with DS. Although late diagnosis is common,
earlier detection could prevent these issues before they
worsen, making the evaluation of the thyroid hormone
status of patients born with suspected DS important.
Finally, adolescents with short stature should undergo
testing for hypothyroidism, and education should
be provided to the community to create awareness
of these associations and their consequences if left

undiagnosed.
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