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Abstract

Background: Patients with subclinical thyroid disease have few or no clinical symptoms of thyroid dysfunction and thus, laboratory
diagnosis is needed. In this context, the objective of the current study was to analyze the prevalence rate and pattern of thyroid
function in children with Down syndrome in the Polish population.

Methods: A total of 30 children, aged 6-12 years, with cytogenetically confirmed Down syndrome were studied. The control
group included 27 children.

Results: Of the 30 patients with Down syndrome, 14 (46.7%) had abnormal thyroid profiles. Mean thyroid-stimulating hormone
(TSH) and fT4 concentrations in children with Down syndrome were found to be significantly increased compared with the
controls (4.30 + 1.9 ulU/mL, 95% Cl: 3.55-5.04 plU/mL vs. 3.10 + 1.47 plU/mL, 95% CI: 2.52-3.68 pylU/mL, P =0.013, 95% CI:
0.26-2.14, and 1.33 + 0.23 ng/dL, 95% Cl: 1.25-1.42 vs. 1.19 + 0.14 ng/dL, 95% CI: 1.13-1.25, P =0.008, 95% Cl: 0.04-0.24,
respectively). In Down syndrome, subclinical hypothyroidism was recognized in 10 children (33.3%) (high TSH and normal
fT4 and fT3 levels). Two children (6.67%) had evident hypothyroidism (high TSH and low fT4). In the control group, subclinical
hypothyroidism was diagnosed in four (14.8%) children.

Conclusion: Children with Down syndrome may have increased secretion of TSH, even when thyroid hormone and autoantibodies
are normal, suggesting that an isolated increase in TSH does not predispose the patient to the development of thyroid disease.
We also recommend that all patients with Down syndrome should be screened for thyroid dysgenesis, since they have thyroid

dysfunction more frequently as compared to the general healthy population.
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Introduction
Down syndrome is one of the most important human
genetic disorders and occurs in one out of 600-700
newborns."? The number of people with Down syndrome
in Poland is estimated at about 60000. This disease is
caused by an extra copy of chromosome 21, giving three
types of chromosomal changes: simple trisomy 21 (in
approximately 90%-95% of cases), translocation trisomy
(5%-10%) and mosaic trisomy (2%-4%)."* Patients
with Down syndrome are likely to have a variety of
illnesses, including thyroid diseases, diabetes, depression,
obsessive—compulsive disorder, hearing loss, atlantoaxial
subluxation and Alzheimers disease.> Thyroid diseases
have been reported to have a prevalence rate of 3%-54%
and these increase in frequency with increasing age of the
individuals.* Thyroid dysfunction ranges from subclinical
to overt hypothyroidism, and rarely hyperthyroidism.>
Patients with subclinical thyroid disease have few or
no clinical symptoms of thyroid dysfunction and thus,
laboratory diagnosis is needed.

The aim of this study was to compare the prevalence

rate and pattern of thyroid function in children with
Down syndrome with its prevalence in the general Polish
population. The novelty of this work is that the study was
conducted on Polish children and that the anti-thyroid-
stimulating hormone (TSH) receptor antibodies (TSHR)
were investigated as an additional test in all children with
Down syndrome. These antibodies are not evaluated
routinely.

Material and Methods

Study Subjects

The study group consisted of 30 children (18 boys
and 12 girls), aged 6-12 years (mean age: 7.8), with
cytogenetically confirmed Down syndrome: simple
trisomy 21 (47,XY,+21 or 47,XX,+21). These children
reported clinical symptoms suggesting thyroid dysfunction
(e.g. dry or cold skin, weight increase, intolerance to cold).
The control group included 27 children (16 boys and
11 girls), also aged 6-12 years (mean age: 8.8) without
signs of Down syndrome. To conduct this population—
based case—control study, data of all the children were
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retrieved from the database of the Department of Pediatric
Neurology and Rehabilitation, Childrens University
Hospital in Bialystok. The cases and controls were taken
from comparable populations, and the same exclusion
criteria were used for both. They had negative history for
thyroid diseases and autoimmune disorders, did not show
side-effects of infection, and did not take any drugs for
at least four weeks. Children with autoimmune disorders
have specific antibodies in the serum that could interfere
with determination of anti-TPO and anti-TG antibodies.
Thyroid dysfunction was defined based on alterations
in serum TSH, fT4, fT3 concentrations, anti-thyroid
peroxidase antibodies (anti-TPO), anti-thyroglobulin
(anti-T'G) and anti-thyroid stimulating hormone receptor
(anti-TSHR)

was defined as an elevated serum TSH concentration in

antibodies. Subclinical hypothyroidism
association with serum normal total or free thyroxine
(fT4) or trilodothyronine (T3) levels. In turn, overt
hypothyroidism was defined as elevated serum TSH levels
with decreased serum concentrations of T4 or T?3. Baseline
characteristics of the children with Down syndrome and
controls are presented in Table 1. The study was approved
by the Bioethics Committee, Medical University of
Bialystok (R-1-002/484/2010). Written informed consent
was obtained from parents or guardians after explaining
the nature of the study to them.

Blood Sampling

Venous blood samples (2 mL) were taken once, in a fasting
state, in the morning at the pediatric clinic. The blood was
allowed to clot completely at room temperature, and was
centrifuged to obtain the serum (centrifugation at 1.500 x
g for 5 minutes). The values of TSH, fT3, fT4, anti-TPO,
anti-TG and anti-TSHR were determined on an ongoing
basis.

Laboratory Tests

Serum TSH, T4, free triiodothyronine (fI3), anti-TPO,
anti-TG and anti-TSHR antibodies were determined by
electrochemiluminescence method using the Elecsys TSH,
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FT3 III, FT4 11, anti-TPO, anti-TG and anti-TSHR kits
(Roche, Germany) on the Cobas e 411 immunoassay
analyzer (Roche, Japan). In this technique, a mixture of
streptavidin-and  ruthenium-coated microparticles and
specific antibodies are added to 10 pL of patient’s serum
(containing target antigens). The established antigen-
antibody complex formed is immobilized on the surface
of microparticles and washed out to remove unreacted
components. Next, the complex is transferred to the
measurement chamber where stage 2 of the reaction occurs,
i.e. binding of microparticles to the electrode surface. In
the subsequent stage, the electron tripropylamine donor
is added and the application of voltage to the electrode
induces chemiluminescence resulting in a continuous
photon emission. The photons are measured with a
photomultiplier, and the intensity of their emission
is calculated by the program and converted into the
concentration of the substance assessed. In children aged
6-12 years, the reference range of TSH has been estimated
at 0.28-4.3 pIU/mL, fT4 at 1.1-1.7 ng/dL and fT3 at
2.7-5.2 pg/mL, anti-TG at 0-115 IU/mL, anti-TPO at
0-34 IU/mL and anti-TSHR 0-1.7 TU/L.

Statistical Analysis

All analyses were conducted using Statistica 12 PL
(StatSoft, Poland). Results were expressed as means and
standard deviations. The differences between the study
and control group were evaluated by the Student’s # test
for unpaired samples. Significance was considered at P <
0.05. The odds ratio (OR) with 95% confidence intervals
(CI) were used to compare the prevalence of thyroid
dysfunction between the children with Down syndrome
and controls. To calculate OR, we used a two—by—two
frequency table. To assess an exact probability value for
the relationship between the two proportions of the 2 x
2 contingency table, Fisher exact test for small samples
was used. Univariate and multivariate logistic regression
analysis were performed to predict the risk of developing
Down syndrome in children based on the observed
patients’ characteristics.

Table 1. Baseline Characteristics of the Children with Down Syndrome and Controls

Characteristics

Down syndrome (n = 30) Controls (n = 27)

Age (mean=SD) (y)

Sex (n) (F/M)

Thyroid dysfunction (Y/N) (%)

Subclinical hypothyroidism (Y/N) (%)

Evident hypothyroidism (Y/N) (%)

Goitre

Karyotype: trisomy 21 (n) (%)

Autoimmune disorders (diabetes, coeliac disease, connective tissue diseases)
Infections

Drugs (last 4 weeks)

7.8+2.12, range: 6-12 8.8+1.85, range: 6-12
12/18 11/16
14/16 (46.7%/53.3%) 4/23 (14.8%/85.2%)

10/20 (33.3%/66.7%) 4/23 (14.8%/85.2%)

2/28 (6.67%/93.33%) None
None None
100 (100%) None
None None
None None
None None
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Results

Of the 30 patients with Down syndrome, 14 (46.7%)
children had abnormal thyroid profiles. The median
age of the children with thyroid dysfunction was 6.75
(range 6-12) years. Mean TSH and fT4 concentrations
in the children with Down syndrome were found to be
significantly increased compared to the controls (4.30
+ 1.9 plU/mL, 95% CI: 3.55-5.04 plU/mL vs. 3.10 +
1.47 pIU/mL, 95% CI: 2.52-3.68 pIU/mL, P = 0.013,
95% CI: 0.26-2.14, and 1.33 + 0.23 ng/dL, 95% CI:
1.25-1.42 vs. 1.19 + 0.14 ng/dL, 95% CI: 1.13-1.25,
P = 0.008, 95% CI: 0.04-0.24, respectively) (Table 2).
Although the fT4 concentrations in Down syndrome were
elevated, they were within the normal range. Univariate
logistic regression showed that a rise in TSH by 1 pIU/mL
or fT4 by 0.1 ng/dL increased the risk of Down syndrome
approximately 1.5—fold (i.e. by half) (?=0.019) and 1.6—
fold (P=0.014), respectively (Table 3). Multivariate logistic
regression revealed that the simultaneous rise in TSH by 1
plU/mL and £T4 by 0.1 ng/dL, increased the risk of Down
syndrome two-fold (P = 0.004 and P = 0.003) (Table 4).
Age and sex did not increase the risk of Down syndrome
(Table 3). Mean fT3, anti-TPO, and anti-TSHR levels in
the study group were within the reference range. In Down
syndrome, the frequency of anti-TG results exceeding the
upper level of the normal range (115 IU/mL) was only
6.7% (two patients). Taking into account all the results

of thyroid hormones, subclinical hypothyroidism was
recognized in 10 children (aged 6-11 years) with Down
syndrome (33.3%) (high TSH and normal fT4 and T3
levels). Two children (aged 7 and 12 years) (6.67%) had
evident hypothyroidism (high TSH and low fT4). In the
control group, subclinical hypothyroidism was diagnosed
in four (14.8%) children. Children with Down syndrome
more frequently had thyroid dysfunction as compared to
the healthy controls. The odds ratio was 5, which means
that thyroid dysfunction in children with Down syndrome
is up to 5 times more likely to occur as compared to
healthy subjects (OR 5.0, 95% CI: 1.4-18.1). The OR
was statistically significant (P = 0.01) (Table 5).

Discussion

The aim of this study was to analyze thyroid function in
children with Down syndrome. The basic question is why
we have to evaluate the thyroid function in these children.
It is known that thyroid dysfunction is more often
recognized in children and adults with Down syndrome
in comparison with the general population.® Clinical data
clearly indicate a relationship between Down syndrome
and thyroid dysfunction in children.>”” There are several
forms of this dysfunction, such as congenital, subclinical
or autoimmune hypothyroidism, and sometimes
hyperthyroidism. Subclinical hypothyroidism occurs
most often, as observed in our research. In this condition,

Table 2. Thyroid Function Markers in the Sera of Children with Down Syndrome

Group TSH (pIU/mL) fT3 (pg/mL) T4 (ng/dL) anti-TPO (1U/mL) anti-TG (1U/mL) anti-TSHR (1U/L)

Controls 3.10+1.47 4.1120.43 1.190.14 6.95+5.55 13.60+4.18 0.42+0.13

(n=27) 95% Cl: 2.52-3.68 95% Cl: 3.93-4.27 95% Cl: 1.13-1.25 95% Cl: 4.75-9.15 95% Cl: 11.94-15.25 95% Cl: 0.37-0.48
4.30+1.99 3.98+0.40 1.33+0.23 7.74+5.28 48.0+120 0.48+0.22

Down 95% Cl: 3.55-5.04 95% Cl: 3.83-4.13 95% Cl: 1.25-1.42 95% Cl: 5.77-9.71 95% Cl: 3.06-92.8 95% Cl: 0.40-0.56

(S,y,ld;%Te P=0.013 P=0.269 P =0.008 P =0.585 P=0.144 P=0278

95% Cl: 0.26-2.14 95% Cl: -0.34- 0.1 95% Cl: 0.04-0.24 95% Cl: —2.09-3.66 95% Cl: =12.1-0.15  95% Cl: 80.8-0.15

Data are means and standard deviations.

*Significant difference when compared to the control group (P<0.05).

95% Cl, 95% confidence interval; TSH, thyroid-stimulating hormone; T3, free triiodothyronine; fT4, free thyroxine; anti-TPO, anti-thyroid peroxidase
antibodies; anti-TG, anti—thyroglobulin antibodies; anti—-TSHR, anti-thyroid stimulating hormone receptor antibodies.

Table 3. Univariate Logistic Regression Analysis for the Variables Associated with Down Syndrome Progression in Children

Variable OR SE P value 95% ClI

Age 0.80 0.1096 0.099 0.61-1.04
Sex (boys) 1.0 0.5575 0.955 0.36-2.97
TSH 1.5 0.2643 0.019* 1.07-2.13
T4 1.6 0.2832 0.014* 1.09-2.23
T3 0.48 0.3180 0.267 0.13-1.76
anti-TG 1.03 0.0277 0.206 0.98-1.09
anti-TPO 1.03 0.0535 0.581 0.93-1.14
anti-TSHR 5.31 8.1786 0.278 0.26-109

OR, odds ratio; SE, standard error; 95% Cl, 95% confidence interval; TSH, thyroid-stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; anti-TPO,
anti-thyroid peroxidase antibodies; anti-TG, anti-thyroglobulin antibodies; anti-TSHR, anti-thyroid stimulating hormone receptor antibodies.
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Table 4. Multivariate Logistic Regression Analysis for the Variables Associated
with Down Syndrome Progression in Children

Variable OR SE P value 95% ClI

Age 0.94 0.1509 0.699 0.68-1.29
TSH 2.00 0.4814 0.004* 1.26-3.21
T4 2.15 0.5441 0.003* 1.31-3.53

OR, odds ratio; SE, standard error; 95% Cl, 95% confidence interval; TSH,
thyroid-stimulating hormone; fT4, free thyroxine.

Table 5. The Prevalence of the Thyroid Dysfunction in Children with Down
Syndrome

Characteristics Down syndrome (n =30)  Controls (n = 27)

Thyroid dysfunction

Yes 14 4
No 16 23
Odds ratio (95% CI) 5.0 (1.4-18.1) —
P value 0.01 —

elevated serum TSH concentrations with normal thyroxine
(T4) and T3 levels are observed. There are several causes
for subclinical hypothyroidism in children with Down
syndrome, but the mechanism is not completely known
yet.

One theory is that the hyper-responsiveness to interferon
caused by over-expression of the genes that encode the
interferon receptors could be the cause of hypothyroidism
in Down syndrome.® According to some authors, under
in-vivo conditions, treatment with interferon alpha can
cause thyroiditis by immune modulatory mechanisms
and a direct thyroid toxic effect.’® In turn, under in-
vitro conditions, interferon 1 down regulates the gene
expression of protein taking part in T4 hormone synthesis
and secretion.!'’

Another theory suggests thyroid autoimmunity. A few
authors have reported positivity of thyroid peroxidase
(TPO) antibody in children suffering from subclinical
hypothyroidism.**!214 Its prevalence in Down syndrome
patients has been found to be 7.5%, 27% and 31%.">'>
7 Tt is believed that TPO occurs later in childhood,
increasing with age, and is more common after the age
of 8 years.*> However, TPO antibodies were found in
infants with Down syndrome.® Pascanu et al observed
that in children with Down syndrome over 5 years of age
and TSH concentration above 11 mU/L, the anti-TPO
levels were elevated.® In our study, all concentrations of
anti-TPO were considered normal. Taking into account
other autoantibodies, positive anti-T'G antibodies were
detected in only two children (6.7%), and anti-TSHR
antibodies were negative in all tested patients. Faria et
al showed positive thyroid antibodies in 16% patients
in a long-term period ranging from 8 to 28 months of
observation.'® The autoantibodies appear long before the
clinical manifestations of autoimmune disease. Many
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authors have observed higher prevalence of autoimmune
type disease in Down syndrome patients, including
hypothyroidism, Hashimoto’s thyroidism, congenital
hypothyroidism and Graves’ disease.'” According to some
authors, thyroid function should be controlled in patients
who simultaneously have subclinical hypothyroidism
and positivity of TPO antibody."? Other factors leading
to subclinical hypothyroidism include the hypothalamic-
pituitary-thyroid axis immaturity, which is a self-limiting
autoimmune process, an impaired release of TSH because
of central disorders or incorrect dopaminergic regulation
of the pituitary.'*'®*° Among the different hypotheses
leading to subclinical hypothyroidism, especially in the
first years of life of Down syndrome children, there is
a local peripheral disorder in T3 production or activity,
thyroid insensitivity to TSH, abnormal secretion, or TSH
with reduced activity at the central level.'*??

In our study, thyroid dysfunction in Down syndrome
was defined based on laboratory tests, such as alterations
in serum TSH, fT4, fT'3 concentrations and anti-TPO,
anti-TG and anti-TSHR antibodies. We found an
abnormal thyroid profile, mainly indicating subclinical
hypothyroidism, in almost half of these children. Most of
them had an intermittent isolated increase in TSH and
the value of fT'3 remained normal. In contrast, median
fT4 concentration in children with Down syndrome was
elevated, but it was within the normal range. And-TPO
and anti-TG antibodies were not detected. The results
of our study are consistent with literature data. Tuysuz
and Beker showed that the incidence of hypothyroidism
was 28.1% in pediatric patients suffering from Down
syndrome aged 5 days to 10 years, and half of them
were subclinical in nature. Their T4 concentrations were
observed to be normal or near the lower limit of normal.?
Jimenez-Lopez et al found subclinical hypothyroidism in
45.8% of children with Down syndrome (1 month to 6
years old).” In their research, only 14% of the control
children had elevated levels of TSH, which is almost the
same as our findings. Patients with subclinical thyroid
disease had no clinical symptoms. It seems that in such
conditions laboratory diagnosis is needed. Therefore, we
postulate that each patient with Down syndrome should
be screened for thyroid disease. Similarly, some authors
propose laboratory tests every 3 months in children with
subclinical hypothyroidism and once a year in children
with normal thyroid function.*** Knowing the results of
laboratory tests, the patient’s treatment may or may not
be administered. A number of elements are in favor of
subclinical hypothyroidism therapy, e.g. lack of adverse
side effects or benefits of normal child development.*6%20-2
Other authors recommend not treating subclinical
hypothyroidism, for example due to only transient
TSH elevation.®'? The discussion is still open whether
subclinical hypothyroidism requires treatment.

We concluded that children with Down syndrome
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might have increased secretion of TSH, even when thyroid
hormone and autoantibodies are normal. The results of
this study suggest that an isolated increase in TSH in
Down syndrome does not predispose the patient to the
development of thyroid disease. We also suggest that all
patients with Down syndrome should be screened for
thyroid dysgenesis, as they have thyroid dysfunction more
frequently compared to the general healthy population.
Due to the large number of factors that influence baseline
thyroid hormone and endogenous TSH concentrations,
only simultaneous application of TSH and T4 screening
tests may help fully assess the functional status of the
thyroid. We postulate that subclinical hypothyroidism is
a common comorbidity in the first years of life of children
suffering from Down syndrome.
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