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Abstract 
 
Background: Down Syndrome (DS) is one of the most common genetic anomalies observed in approxi-
mately one out of 700 live births, which occurs as a result of an excess of chromosome 21 (trisomy 21). 
Cognitive development in DS children is generally in the range of moderate to severe retardation, and 
mental age is rarely above eight years. The aim of this study is to investigate the neurodevelopmental 
characteristics of children with DS between the ages of 1-6 years and their relationship with comorbid 
medical pathologies. 
Materials and Methods: A total of 83 DS children who applied to the child and adolescent mental health 
outpatient unit, were included in the study, and the relationships between sociodemographic and medical 
histories and neurodevelopmental characteristics were analyzed. Denver II Developmental Screening Test 
was used to evaluate their development. Four areas were evaluated: gross motor development, fine mo-
tor development, language-cognitive development and personal-social development. 
Results: The rates of medical comorbidities in children with DS was 75.9% (38 had heart problems, 17 had 
thyroid dysfunction, and 8 had epilepsy). There was no statistically significant difference between genders 
in terms of Denver II Developmental Screening Test scores. Children with hypothyroidism have signifi-
cantly lower Denver II Developmental Screening Test scores in all domains. Other medical comorbidities 
did not have a significant effect on Denver II Developmental Screening Test scores. 
Conclusions: Concomitant medical diseases in children with DS may affect the development of the child. 
Therefore, early diagnosis and treatment of these conditions is essential. Due to the negative effects of 
hypothyroidism on the development of children, care should be taken in the treatment and close follow-
up of these children. 
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 Öz 
 
Amaç: Down Sendromu (DS), 21. kromozomun fazlalığı (trizomi 21) sonucu ortaya çıkan, yaklaşık 700 canlı 
doğumdan birinde görülen en yaygın genetik anomalilerden biridir. DS'lu çocuklarda bilişsel gelişim genel-
likle orta ila şiddetli gerilik aralığındadır ve zihinsel yaş nadiren sekiz yaşın üzerindedir. Bu çalışmanın 
amacı, 1-6 yaş arası DS'lu çocukların nörogelişimsel özelliklerini ve eşlik eden tıbbi patolojiler ile ilişkisini 
araştırmaktır. 
Materyal ve Metod: Çocuk ve ergen ruh sağlığı polikliniğine başvuran toplam 83 DS'lu çocuk çalışmaya 
dahil edilerek sosyodemografik ve tıbbi öykü ile nörogelişimsel özellikler arasındaki ilişkiler incelenmiştir. 
Gelişimlerini değerlendirmek için Denver II Gelişimsel Tarama Testi kullanıldı. Dört alan değerlendirildi: 
kaba motor gelişim, ince motor gelişim, dil-bilişsel gelişim ve kişisel-sosyal gelişim. 
Bulgular: DS'li çocuklarda tıbbi ek hastalık oranları %75.9'du (38'inde kalp sorunu, 17'sinde tiroid dis-
fonksiyonu ve 8'inde epilepsi vardı). Denver II Gelişimsel Tarama Testi puanları açısından cinsiyetler 
arasında istatistiksel olarak anlamlı fark yoktu. Hipotiroidili çocuklar, tüm alanlarda önemli ölçüde daha 
düşük Denver II Gelişimsel Tarama Testi puanlarına sahiptir. Diğer tıbbi komorbiditelerin Denver II Gelişim-
sel Tarama Testi puanları üzerinde anlamlı bir etkisi olmamıştır. 
Sonuç: DS'lu çocuklarda eşlik eden tıbbi hastalıklar çocuğun gelişimini etkileyebilir. Bu nedenle, bu durum-
ların erken teşhisi ve tedavisi önemlidir. Hipotiroidinin çocukların gelişimine olumsuz etkileri nedeniyle bu 
çocukların tedavi ve yakın takibinde dikkatli olunmalıdır. 
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Introduction 
Down syndrome (DS) is one of the most common genetic 
anomalies, which affects individuals from different races, 
ethnic groups and socioeconomic classes, occurs as a result 
of an excess of the 21st chromosome (trisomy 21), causing 
intellectual disability, immunodeficiency, congenital heart 
diseases, and is observed in approximately one in 700 live 
births (1,2). 
Although the clinical picture varies, structural changes in 
the central nervous system, congenital heart disease, im-
munodeficiency, metabolic disorders, gastrointestinal 
problems and also characteristic physical phenotype can be 
defined (3). Developmental problems including motor de-
velopment, language development, cognitive domain and 
personal-social dimensions in DS children are remarkable. 
Problems found in different areas of development are not 
always proportional, but each area affects and is affected 
by the other (4).  
The cognitive development of DS children varies from per-
son to person, and often children have moderate or severe 
intellectual disability (the mental age is rarely above 8 
years) (5). However, very few children with DS have been 
reported to have cognitive capacities in the normal range 
(5). One study from a sample of 56 Italian children with DS 
reported that the average IQ was 44.7 and reported that it 
ranged from 28 to 71 (6,7). It should be noted that, unlike 
neurotypically children, IQ of children with DS gradually de-
creases with age (8). 
Children with DS generally do not acquire motor skills at the 
same rate as their typically developing (TD) peers. How-
ever, DS children begin to roll between 5 and 6.4 months, 
while they sit independently between 8.5 and 11.7 months, 
meaning they develop with only a slight delay in the first 
year. However, the developmental delay is more pro-
nounced in motor skills that develop later. It has been re-
ported that children with DS crawl at 12.2-17.3 months and 
walk independently at 15-74 months (5,9).  
Language development is also impaired in children with DS. 
However, infants with DS use communicative gestures 
more extensively than neurotypical infants who are at the 
same stage of communicative-linguistic development (10). 
Children with DS generally very poor language capacities 
(11). In addition to hearing loss, which can be seen in 40-
80% of cases, a significant proportion of cases have lan-
guage disorders (5). The hearing loss seen in cases is usually 
mild to moderate hearing loss due to otitis media and less 
frequently accompanied by sensorineural loss (12). Studies 
have not shown an association between hearing loss and 
language disorders (13,14). Vicari et al. reported a lower 
performance in language skills of children with DS com-
pared to TD controls (15). 
Characteristics and associated systemic and functional mal-
formations are common in individuals with DS, although 
there is wide interindividual variation in clinical manifesta-
tions, particularly in neonates. The phenotype of DS con-
sists of intellectual impairment, short stature,  

 
heart diseases, digestive disorders, thyroid disease, espe-
cially subclinical hypothyroidism, and orthopedic anoma-
lies accompanying abnormal physical and neurological find-
ings (16). The frequency of congenital heart diseases, which 
is the most common malformation in children with DS, var-
ies between 16% and 62%, and the incidence of congenital 
heart diseases in the normal population is reported to be 8-
9 per 1000 live births (17). 

Although developmental areas interact with each other, it 
is known that the development of DS children is not homo-
geneous. There are not enough studies in the literature on 
the interaction between the factors that affect the devel-
opment of DS children.  Anatomical and physiological con-
ditions of the central nervous system, congenital hypothy-
roidism, hearing and vision losses, presence of obsessive 
behavior patterns, prematurity and low birth weight are 
among the factors affecting the development of children 
with DS (16,18). 
The first aim of this study was to examine the development 
of children with DS with the Denver II Developmental 
Screening Test and to compare scores in different develop-
mental domains. The second aim is to evaluate the relation-
ships between congenital hypothyroidism, cardiac anoma-
lies, epilepsy, hearing and vision problems and language, 
personal-social, fine motor and gross motor development 
areas in DS children aged 1-6 years. The first hypothesis of 
the study is that the Language Development of children 
with DS will be more impaired than in other neurodevelop-
mental areas. The second hypothesis is that DS children di-
agnosed with hypothyroidism will be more impaired in all 
developmental areas than those without. 
 
Materials and Methods 
 
Study Population and Data Collection  
The participants were recruited from the Kütahya Health 
Sciences University Training and Research Hospital, Child 
and Adolescent Psychiatry Clinic. A total of 83 children with 
DS, aged 1-6 years, who applied to the Child and Adolescent 
Mental Health outpatient unit, were included in the study. 
In addition, all cases are cases followed in the pediatrics de-
partment of Kütahya Health Sciences University Training 
and Research Hospital.  
The comorbid medical diagnoses of the cases were made 
after evaluation by the pediatrician. Cases with Mosaic and 
translocation type were excluded from the study because it 
is a rare genetic type in DS children and would be a con-
founding factor in the results (five case excluded). Verbal 
assent and written consent were taken from all subjects 
and their families. The study was approved by the Kütahya 
University of Health Sciences Clinical Research Ethics Com-
mittee (date: 15.04.2021, no: 2021/07-17). Sociodemo-
graphic features and medical histories and neurodevelop-
mental features were recorded through sociodemographic 
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forms developed by the author of the study. The form in-
cluded questions about parental age, parental education, 
socioeconomic status and children's past medical histories 
(hypothyroidism, cardiac anomalies such as atrial septal de-
fect and ventricular septal defect, previous surgery, epi-
lepsy). Previous surgery is eight cases underwent congeni-
tal heart surgery (for ventricular septal defect) and two 
cases underwent ear surgery (for chronic middle ear effu-
sion). Subsequently, the development of the children was 
evaluated by an experienced psychologist with the Denver 
II Developmental Screening Test. Four areas were exam-
ined: gross motor development, fine motor development, 
language development and personal-social development. 
The Denver II Developmental Test is a practical observa-
tional screening test which has been standardized in many 
countries including Turkey. Previous experience in children 
with various disorders support Denver II’s sensitivity in de-
tecting adverse neurodevelopmental outcome (19). 
 
Statistical analyses 
All analyses were conducted with SPSS version 21.0 (Statis-
tical Package for the Social Sciences, IBM Inc., Armonk, NY).  
Descriptive data were presented as percentage, mean and 
standard deviation. Normality of continuous variables was 
assessed using the Kolmogorov-Smirnov Test. The chi-squ-
are test was employed to examine the differences between 
categorical variables in the sample. For normally distribu-
ted variables, Student's t-test was used to compare the dif-
ferences between the two groups. Non-normally distribu-
ted continuous data were analyzed using the Mann-Whit-
ney U test and expressed as the median (25-75 IQR). Prob-
ability (p) values <0.05 were regarded as statistically signif-
icant. 

Results  
The sample consisted of 50 males (60.2%) and 33 females 
(39.8%). The mean age of the cases was 2.5 ± 0.72 years. 
The mean age of the mother and father was 36±6.1 and 
40±6.4, respectively. Frequency of concomitant medical 
problems were as follows: 38 of the children had cardiac 
problems, 17 had thyroid dysfunction and 8 had epilepsy.  
The mean age at which children with DS acquire important 
motor skills: 12.3±7.9 months for holding their head up-
right, 17.4±9.1 months for sitting without support, 
23.5±11.2 months for crawling, 31.2±10.4 months for inde-
pendent walking. There was no statistically significant dif-
ference between the genders in terms of developmental 
domains according to the Denver II Developmental Screen-
ing Test scores (Table 1). 
There was no statistically significant difference between 
the Denver II Developmental Screening Test scores of chil-
dren who had heart problems, epilepsy and surgery, and 
those who did not. Children with hypothyroidism have sig-
nificantly lower Denver II Developmental Screening Test 
scores in all domains. Language-Development area was 8 
(7-9) month in cases with hypothyroidism, while it was 9 (9-
9) month in cases without hypothyroidism (p=.024). Gross 
Motor Development area was 7 (6-15) month in cases with 
hypothyroidism, while it was 11 (8-20.5) month in cases 
without hypothyroidism (p=.046). Fine Motor Develop-
ment area was 8 (7-11.5) month in cases with hypothyroid-
ism, while it was 11 (8.5-22) month in cases without hypo-
thyroidism (p=.022). Personal-Social Development area 
was 8 (8-10) month in cases with hypothyroidism, while it 
was 11 (8-14) month in cases without hypothyroidism 
(p=.005) (Table 2). 

 
Table 1. Neurodevelopmental characteristics by gender 

 F (n=33)                            M (n=50) 
(median (25-75 IQR)) 

p 

Language-Development 9 (8.75-9) 9 (9-9) .576 

Gross Motor Development 11 (7-23) 10 (7-15) .637 

Fine Motor Development 11 (7.75-24) 10 (8-13) .805 

Personal-Social Development 11 (8-13.25) 10 (8-13) .649 

Abbreviations: F: female, M: male, IQR: interquartile range, Mann-Whitney U test 
  
Table 2. Medical Comorbidity and Developmental Features in Children with Down Syndrome 

 Hypothyroidism Congenital heart disease Epilepsy History of surgery 
Yes 

(n=17) 
No 

(n=66) p Yes 
(n=38) 

No 
(n=45) p Yes 

(n=8) 
No 

(n=75) p Yes 
(n=10) 

No 
(n=73) p 

Language-De-
velopment 

8  
(7-9) 

9  
(9-9) .024 9 

 (8-9) 
9 

 (9-9) .189 9 
 (7.5-11) 

9  
(9-9) .642 9 

 (9-12) 
9  

(8.75-9) .266 

Gross Motor 
Development 7 

 (6-15) 
11  

(8-20.5) .046 10  
(6-19) 

10 
 (8-19) .386 12.5 

 (7-22) 
10  

(7-19) .860 
15 
 (7-

26.5) 

10 
 (7-

16.75) 
.309 

Fine Motor 
Development 8  

(7-11.5) 
11 

 (8.5-22) .022 10 
 (8-15) 

11  
(8-16) .412 8  

(7.5-15) 
11  

(8-16) .329 
12 

 (9.5-
27) 

10  
(8-

12.75) 
.170 

Personal-So-
cial Develop-
ment 

8  
(8-10) 

11  
(8-14) .005 10 

 (8-13) 
10 

 (8-13) .389 10 
 (6.5-13) 

10 
(8-13.5) .454 10  

(9-17) 
10  

(8-13) .478 

Abbreviations: IQR: interquartile range, Mann-Whitney U test 
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Discussion 
In this study, we investigated the neurodevelopmental 
characteristics of children with DS between the ages of 1-6 
years and their relationship with comorbid medical pathol-
ogies. We have shown that the children with DS showed 
more impairment in language development than in other 
neurodevelopmental domains (gross motor, fine motor and 
personal-social development). In addition, children with 
hypothyroidism have significantly lower Denver II Develop-
mental Screening Test scores in all domains. On the other 
hand, other medical comorbidities did not have a signifi-
cant effect on Denver II Developmental Screening Test 
scores.  
In the present study, children with DS showed more impair-
ment in language development than in other neurodevel-
opmental domains (gross motor, fine motor and personal-
social development). Although the average age of the chil-
dren in our study was 30 months, their language develop-
ment characteristics were 10 months and were considera-
bly lower than other developmental areas. Iversen et al. re-
ported that they used the Bayley test for language and cog-
nitive assessment in their studies and found the average to-
tal language score to be 18 months and the average total 
intelligence score to 22 months (10). It has been reported 
in the literature that there is no difference between the 
genders in terms of cognitive and language skills. Our find-
ings are compatible with the literature. 
Kim et al. reported the average speed of reaching the mo-
tor development stages of children with DS as head control 
at 6.1±2.6 months, sitting without support at 11.9±3.3 
months, crawling at 18.1±5.0 months, and independent 
walking at 28.0±8.3 months (20). In a study examining the 
development of gross motor skills in DS children, it was 
found that they started to sit at a mean of 10.3±3.1 months 
and to walk at 26.0±8.4 months (21). It  
was determined that the average speed of reaching the 
motor development milestones of the children in our study 
was similar to the studies in the literature, but there was a 
slight difference. The difference in the speed of reaching 
motor developmental stages between this study and previ-
ous studies may be due to factors such as socioeconomic, 
cultural and early education.  
Developmental disability in different areas may be caused 
by the basic mechanism of DS rather than concomitant 
medical conditions such as heart disease and epilepsy. 
However, hypothyroidism, unlike other medical conditions, 
can cause additional developmental problems. In the pre-
sent study, DS children with hypothyroidism were signifi-
cantly lower in all neurodevelopmental domains than those 
without. Thyroid dysfunction may also be present congeni-
tally in children with DS, and it may appear later (22). The 
frequency of thyroid dysfunctions in DS patients is reported 
as 10-15% (18). We obtained a higher rate (20%) in our 
study. Evaluation of the time of occurrence and severity of 
thyroid dysfunction could have provided a clearer under-
standing of its effects on development. Compliance with  

 
treatment and inclusion of laboratory tests in future studies 
may provide more meaningful results in this regard. 
A total of eight children had epilepsy. According to the lit-
erature, the frequency of epilepsy in patients with DS is 
10.3% (23). Interestingly, it was determined that the devel-
opmental characteristics of DS children with epilepsy were 
the same as those without, and the presence of epilepsy 
did not increase developmental problems. The results of 
the present study are consistent with the literature. 
In our study, approximately half of the children diagnosed 
with DS had congenital heart disease. In the literature, con-
genital heart disease has been reported in almost half of 
the children with DS (20). It has been reported in the liter-
ature that developmental features are not affected by the 
presence of heart disease, and the results of our study are 
also compatible with the literature. 
The male to female ratio in our study was 1.7. In the litera-
ture, the male-female ratio is given as approximately 1.3, 
and it is reported that the male-to-female ratio increases as 
the age of the mother and father decreases (25,26). In our 
study, no difference was found between the gender of the 
children and the age of the mother and father. Although 
there are data in the literature that there may be differ-
ences between the sexes in terms of development (16,24), 
in our study, it was determined that the developmental 
characteristics of children did not differ according to gen-
der. 
One of the most important factors in the etiology for DS is 
advanced maternal age (25). In our study group, the mean 
maternal age was 36 and the mean paternal age was 40. 14 
of the mothers are under 30 years old, 48 of them are be-
tween 30-40 years old and 21 of them are over 40 years old. 
It was determined that both maternal and paternal ages 
were not statistically different in children with DS with and 
without concomitant cardiac problems, thyroid dysfunc-
tions and epilepsy. 
This study has several limitations that should be noted. 
First, this was a cross-sectional study, and the results in the 
work may not be generalized to all DS diagnosed children. 
Second, it is performed in a single center and a relatively 
limited cohort of patients was included in the study. There-
fore, a multicenter study with a large sample size is needed 
for further confirmation. 
 
Conclusion 
Neurodevelopmental retardation is an important feature of 
DS children. Medical comorbidities such as hypothyroidism 
can also affect cognitive development. Careful attention to 
early diagnosis and treatment of hypothyroidism can ena-
ble DS children to achieve optimal developmental out-
comes. In addition, the most significantly affected develop-
mental area of DS children is seen as the language-develop-
ment area. DS children can be referred to speech-language 
therapy from an early age. 
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