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Introduction Down syndrome (DS) is the most common chromosomal disorder. It is
accompanied by several comorbidities, which could lead to severe morbidity and
mortality. Congenital heart disease (CHD) is one of the most commonly described
condition.

Objective This study aimed to determine clinical profiles, dysmorphic features, CHD,
and DS associated comorbidities in a tertiary center (Cairo, Egypt).

Patients and Methods This descriptive study included 290 patients diagnosed with
DS, who presented to the Clinical Genetics clinic, Cairo University Children Hospitals,
from February 2018 to December 2019. The patients’ ages ranged from 2 to 4 years
old. All patients were evaluated by full history, clinical examination, anthropometric
measurements, and assessment of developmental milestones. Patients’ diagnostic
investigations including karyotype, thyroid function, and echocardiography were
checked.

Results The study population consisted of 290 children with DS of which 196 (67.6%)
were male, 115 (40%) had CHD, the most prevalent atrial septal defect (ASD), patent
ductus arteriosus (PDA), and ventricular septal defect (VSD) accounting for 10.7, 7.1,
and 4.2%, respectively. Common dysmorphic features were upward slanting palpebral
fissures (98.6%), hypertelorism (97.9%), and sandal gap (60.7%). Thyroid dysfunction
was the second prevalent comorbidity, found in 35 patients (12.1%). Global develop-
mental delay was reported affecting language (99%), motor (94.8%), and social (92.8%)
domains.

Conclusion The prevalence of CHD among children with DS was 40% with ASD, PDA,
and VSD being the commonest. Thyroid dysfunction was the second most common
comorbidity. The most prevalent dysmorphic features were upward slanting palpebral
fissures, hypertelorism, and sandal gap. Developmental delay was very common,
language being the most affected domain.
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Introduction

Down syndrome (DS) is the most frequent genetic disorder
causing intellectual disabilities." DS incidence is estimated
accordingly around 1/750 to 800 livebirths? globally. In
Middle East, previous studies reported higher DS prevalence,
18/10,000 live births (Libya), 20 (Qatar), 25.9 (Oman), 23
(Saudi Arabia), 29 (Kuwait), and 31 (Dubai).> Data from Egypt
vary from 1 in 555 to 1 in 770.%

The risk of DS significantly increases with advancing
maternal age, but also paternal age may play a role.” Other
rare identified risk factors are heredity, affecting approxi-
mately 1% of all cases of DS.® Shalaby et al” reported other
risk factors as consanguinity, residence (rural/urban) of the
family, drugs/chemicals exposure, parental educational lev-
el, paternal habits, antenatal scanning, and number of family
members.

Children with DS are at increased risk for several different
comorbidities such as intellectual and developmental dis-
abilities. DS affects multiple systems in both structural and
functional ways. One of the most commonly reported co-
morbidity is congenital heart disease, affecting approximate-
ly 50% of DS babies.® The commonest patterns of CHD in DS
were common atrioventricular canal (CAVC), VSD, and ASD,
in approximately 42, 22, and 16% of CHD, respectively.® Most
CHD is diagnosed in early childhood: 74% diagnosed in
infancy and 18% from 1 to 4 years.>

Respiratory disease contributes greatly to morbidity and
mortality, accounting approximately 43 to 78% of ICU admissions
and 50% of patients in need of mechanical ventilation.® Other
comorbidities are leukemia, gastrointestinal diseases,
visual/hearing impairments, dental issues, thyroid diseases,
obstructed sleep apnea, epilepsy, and Alzheimer's diseases.®
There is also an increased prevalence of otolaryngologic morbid-
ities, periodontal diseases, obesity,'® male infertility,'" and be-
havioral and psychological problems.'? Children with DS are
more vulnerable to autoinflammatory disease as celiac, thyroid-
itis, and alopecia due to chronic immunological deregulation.13

Objectives

Our aim was to determine clinical profiles, frequencies of
different dysmorphic features, CHD patterns, and DS comor-
bidities at Cairo University Children’s Hospital, Egypt.

Patients and Methods

This descriptive study included 290 patients diagnosed as DS,
cared for regular follow-up to the Clinical Genetics Clinic,
Cairo University Children’s Hospital. Data were collected
starting from February 2018 to December 2019. The patients’
ages ranged from 2 to 4 years old.

All patients were evaluated by full history including
personal data: age, sex, residence, age of the parents at
conception, prenatal screening, and socioeconomic status
using socioeconomic status scale for health research.'*

Clinical examination included general examination and
anthropometric measurements: weight, age, and head
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circumference in relation to age plotted on growth charts
for DS'> and CDC growth charts.'® Motor, social, and lan-
guage development were evaluated by using data from a
table of emerging patterns of behaviors from 1 to 5 years
adapted from Nelson Textbook of Pediatrics, 20th edition.'”

Patients’ diagnostic investigations including karyotype,
thyroid function, and echocardiography were collected by
checking patients’ files, follow-up echo or performing new
ones at time of examination. Median age at echo was
13 months (3-25 months). Thyroid dysfunction was consid-
ered if tetraiodothyronine and/or thyroid stimulating hor-
mones serum levels became abnormal as preliminary test
and confirmed at follow-up.

Statistical Analysis

Data were analyzed by using SPSS program 25 (IBM Corp.,
Armonk, NY), using mean, frequency (count), and relative
frequency (%) for categorical data.

Results

A total of 290 children were recruited of which 196 (67.6%)
were males, 133 (45.9%) were living in rural areas, and
socioeconomic status of the family was low in the majority
148 (51%); other sociodemographic data of patients with DS
are shown in =Table 1.

Regarding maternal age at conception, the mean + SD was
35.52 + 7.44 years and the median (interquartile range [IQR])
was 37 (18-50) years; mean paternal age at conception + SD
was 42.28 + 8.79 years, and the median (IQR) was 42 (23-65)
years. In this study, 163 (56.2%) mothers were >35 years old,
while 208 (71.7%) of fathers were >35 years old. The prenatal
screening in the form of history of ultrasound scan in any
trimester was given by 279 (96%) mothers, and positive for
DS in only 7 out of 290 (2.4%). Among children with DS,
karyotyping was nondisjunction type in 283 (97.6%), trans-
location in 4 (1.4%), and mosaic in 3 (1%). Different dysmor-
phic features were studied, and the results are shown
in =Table 2. It is to be noted that each dysmorphic feature
was not present alone, but in combination with other fea-
tures in all patients included in the study.

History, clinical examination, and review of investigations
and diagnostic studies revealed several comorbidities asso-
ciated with DS as shown in =Table 3. CHD was the highest,
found in 115 (40%), followed by thyroid dysfunction in 35
(12.1%). Single anomalies were more prevalent than com-
bined CHD, represented by 78 patients (27%). Considering
individual CHD, the most prevalent were ASD, PDA, and VSD
in 10.7, 7.1, and 4.2% respectively. Other patterns of CHD are
shown in =Table 4. It is to be noted that 37 patients (12.8%)
required CHD surgical correction.

History of previous hospitalization was found in 164
(56.6%) of DS patients. Among all 290 patients included in
the study, respiratory infections represented the majority of
causes of hospitalization 102 (35.2%), which followed by
surgical causes 21 (7.2%), gastroenteritis 15 (5.2%), sepsis
10 (3.4%), cardiac 11 (3.8%), and others 5 (1.7%). History of
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Table 1 Sociodemographic data of children with Down syndrome
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Table 2 Dysmorphic features among patients with Down

syndrome

Table 3 Down syndrome associated comorbidities

Count %
Age Ranges from 2-4y 290 100 Dysmorphology Count (n=290) | %
Sex Males 196 67.6 Upward slanted palpebral fissure | 286 98.6
Females 94 324 Hypertelorism 284 97.9
Residence Urban areas 35 12.1% Sandal gap 176 60.7
Rural areas 133 45.9%
Transverse palmar crease 159 54.8
Semi-urban 122 42.1%
Socioeconomic Very low 74 25.5% Protruded tongue 148 >1.0
status Low 128 51.0% Clinodactyly 119 41.0
Middle 68 23.4%
High 0 0.0% ICU/NICU admissions was given by 126 (43.4%). Out of all DS
Paternal Illiterate 81 27.9% patients, respiratory causes of ICU/NICU admissions repre-
education Read and write 24 8.3% sented the majority 35 (12.1%) as well, which followed by
Primary 17 5.9% neonatal jaundice 32 (11%), surgical causes 22 (7.6%), cardiac
Preparatory 28 9.7% 14 (4.8%), prematurity 13 (4.5%), sepsis 5 (1.7%), and GIT
Secondary 6 2.1% causes 5 (1.7%).
Intermediate mtitute 03 35 5% In this study, language Was.the most affected dqmain,
University graduste 5 077 found in 287 (99%) of DS patients. .Regardmg nutritional
- assessment 77 (26.6%) were underweight, only 2 (0.7%) was
z/ldautce;?iiln Hliterate 88 30.3% overweight, and 211 (72.8%) had normal weight for age on
Read and write 22 7.6% plotting weight on DS growth charts. In total, 43 (14.8%) were
Primary 26 9.0% stunted, 247 (85.2%) attained normal height for age, and 27
Preparatory 32 11.0% (9.3%) were microcephalic by plotting measures on DS
Secondary 12 4.1% growth charts. =Table 5 shows other domains on develop-
Intermediate Institute 83 28.6% mental assessment and anthropometric measures on CDC
University graduate 27 9.3% growth charts versus DS charts.

Comorbidities Count % Analysis whether each comorbidity was present
(n=290) overlapping with other comorbidities or not
Count (n=290) %
Congenital heart diseases 115 40 Overlapping 29 10
Not 86 30
Thyroid dysfunction 35 12.1 Overlapping 7 2.4
Not 28 9.7
Epilepsy 6 2.1 Overlapping 2 0.7
Not 4 1.4
Nephrological and urogenital 7 2.4 Overlapping 3 1
Not 4 1.4
GIT (duodenal atresia, imperforate 8 2.8 Overlapping 2 0.7
anus, intestinal obstruction, Hirschsprung) Not 6 21
Bronchial asthma 5 1.7 Overlapping 1 0.3
Not 4 1.4
Ophthalmological 6 2.1 Overlapping 2 0.7
Not 4 1.4
Otorhinolaryngological 8 2.8 overlapping 0 0
Not 8 2.8
Surgical (hernia, congenital 7 2.4 Overlapping 2 0.7
gfg:srcEle?nn;ZEc’c:;:?,IE’c’Ieft palate) Not 5 1.7

Abbreviation: GIT, gastrointestinal tract.
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Table 4 Congenital heart disease in Down syndrome

Count %
(n=290)
Total patients with CHD 115 40
Single Total 78 27
anomaly
ASD 31 10.7
PDA 21 7.2
VSD 12 4.1
CAVC 10 3.4
TOF 2 0.7
MVP 1 0.3
TR 1 0.3
Two Total 26 9
combinations
ASD + PDA 9 3.1
VSD +ASD 5 1.7
ASD +TR 2 0.7
CAVC+ MR 2 0.7
VSD + PDA 2 0.7
PS + DORV 1 0.3
ASD + PS 1 0.3
CAVC + PDA 1 0.3
VSD + PDA 1 0.3
VSD +TR 1 0.3
ASD + PDA 1 0.3
Three Total 2 0.7
combinations
ASD +TR + PDA 1 0.3
TR +MR + MVP 1 0.3
Dropped Known cardiac 9 3.1
patients but missed Echo

Abbreviations: ASD, atrial septal defect; CAVC, common atrioventricular
canal; DORV, double outlet right ventricle; MR, mitral regurge; MVP,
mitral valve prolapsed; PDA, patent ductus arteriosus; PS, pulmonary
stenosis; TR, tricuspid regurge; VSD, ventricular septal defect.

Discussion

In the current study, 45.9% of children with DS were born in
rural areas, a higher prevalence compared with urban and
semi-urban areas. This was in agreement with a study by
Shalaby’ in Egypt, who reported that more DS cases were
born in rural than urban areas. Many studies found a strong
correlation between mother educational level and DS.'®1° In
the present study, the majority of DS mothers (30.3%) were
illiterate, and this might explain the low rate of prenatal
screening in this study. It was in the form of ultrasound scan
only, and was positive for DSin 7 out 0of 290 (2.4%). This was in
agreement with Shalaby’ who found that although more
mothers of DS had antenatal scan than controls, defects were
Journal of Child Science  Vol. 11
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not observed where antenatal scan was done to screen gross
anomalies.

Itis evident that advanced mothers’ ages influence DS, but
few data are available on genetic consequences of fathers’
ages. A paternal age effect on DS is controversial.2? In our
study, mean maternal age was 35.52, and 56.2% of mothers
were >35 years at conception. With regard to paternal age,
mean age was 41.28, and 71.7% of them were >35 years at
conception. According to a recent systematic review, ad-
vanced paternal age is associated with mild increase in DS
incidence.?' Increasing paternal age when combined with
maternal age influences DS incidence.?? However, Thomp-
son?> reported that advanced paternal age was not associat-
ed with increasing DS or other chromosomal disorders.

General knowledge about DS clinical features by clinicians
is necessary for early diagnosis. Among dysmorphic features
studied, upward slanting palpebral fissures were the most
frequently observed (98.6%), in agreement with a study by
Kava et al** and by Azman et al.?> Sandal gap and hyper-
telorism were observed in more than 40% of cases, in
agreement with these studies as well. However, other clinical
features such as protruding tongue and clinodactyly were
noted in 51 and 41% respectively in our study, much higher
than previously reported.

Karyotyping is important for clinical diagnosis confirma-
tion, recurrence risk calculation, and genetic counseling.?® In
the current study, nondisjunction was present in 97.6%, trans-
location in 1.4%, and mosaic in 1%. This was in agreement with
several studies that reported nondisjunction in the majority
(>90%) of DS cases, and the frequency of translocation was
higher than mosaic type.?#?%27 However, other studies®>?8
reported that mosaic type was higher than translocation type.
It is to be noted that no specific reasons might explain
discrepancy in DS karyotyping pattern frequency, and that
difference in time periods, maternal ages, samples size, and
population were considered as contributing factors.?

Neurodevelopment is delayed in DS compared with non-
DS children. In our study in particular, language skills were
delayed in 99% in of DS, whereas motor development was
delayed in 94.8%, and cognitive development was delayed in
92.8%, in agreement with previous studies.?%-30

Children with DS have increased frequency of respiratory
tract infections and acute respiratory distress syndrome. In
children <3 years old with DS, respiratory illnesses were the
most frequent cause of hospital admissions.® In our study,
hospital admissions due to respiratory infections were the
highest cause of hospitalizations and among the most fre-
quent causes of ICU admissions with prevalence rates 35.2
and 12.1% of the total study population, respectively.

Infections deteriorate the nutritional status, and malnutri-
tion leads to increasing infection susceptibility resulting in
malnutrition infection cycle.! In our study, 85.2% attained
normal height for age when compared with DS growth charts.
However, the majority (65.2%) were stunted when plotted on
CDC growth charts. Osaili et al*2 found that 87.5% of studied
cases attained normal heights in relation to special growth
chartsfor DS, and 6.2% were short for their age. On the contrary,
height for age of the majority (61.2%) of DS in their study fell



Comorbidities Among Egyptian Children with Down Syndrome Amin et al.
Table 5 Growth and developmental assessment in Down syndrome
Developmental assessment Count (n=290) %
Motor Delayed 275 94.8
Normal 15 5.2
Language Delayed 287 99
Normal 3 1
Social Delayed 269 92.8
Normal 21 7.2
Growth assessment
CDC growth charts DS growth charts
Count (n=290) % Count (n=290) %
Weight Underweight 101 34.8 77 26.6
Normal 187 64.5 211 72.8
Overweight 2 0.7 2 0.7
Height Tall for age 0 0 0 0
Normal 34.8 34.8 247 85.2
Short stature 65.2 65.2 43 14.2
Head Normal 253 87.2 263 90.7
circumference Microcephaly 37 12.8 27 9.3

Abbreviations: CDC, Centers for Disease Control; DS, Down syndrome.

short in stature for age in relation to growth charts for typical
children. This shows the importance to use DS growth charts
when comparing children with DS to their peers.

In the present study, 26.6% of children with DS were
underweight, 72.8% attained normal weight for age when
plotted on DS growth charts. This was different from the
study by Osaili et al,>?> who found that only 7.7% were
underweight in relation to DS charts. However, Senna
Rodrigues et al>* found that 30% of DS participants were
underweight. This may be explained by history of repeated
hospitalization, ICU admissions, CHD, and respiratory infec-
tions among our study population.

The overall prevalence of CHD in this study was 40% which
is higher than general population prevalence that is estimat-
ed as 3.5 to 17.5 per 1,000 live births.34 This is in agreement
with previous studies in Egypt, in which the prevalence of
CHD ranged from 36.9 to 43.9%.3°737 In Saudi Arabia rates
ranged from 40.9 to 61.3% according to.>3~40 Recently rates in
other countries as Libya, Sudan, and Iran were 45, 43.1, and
50%, respectively.*’*3 Rates from other countries ranged
from 43 to 58%.%44> Variations in CHD prevalence in DS cases
could be explained by many screening programs, diagnostic
facility, genetic, socioeconomic, and environmental variabil-
ity of different study populations.>”

Regarding the pattern of CHD, single anomalies were more
prevalent than combined CHD, represented by 78 patients
(27%). This was in agreement with Bergstrom et al*® who
noted that complex CHD became less prevalent in infants of DS,
which might be related to selective abortion of fetuses with DS
or improving in antenatal diagnosis of complex CHD.

In our study, the most observed CHD patterns were ASD,
PDA, and VSD with prevalence rates 10.7, 7.1, and 4.2%,
respectively. EI-Gilany et al¥’ reported that VSD, AVSD, and
ASD were most frequently observed as isolated CHD. Afifi
et al®> found that VSD, ASD, PDA, and AVSD were the most
frequent. Mokhtar and Abdel-Fattah*® reported AVSD and
ASD were the commonest. The commonest CHD in DS in
European countries and United States were endocardial
cushion defects (43%), resulting in AVSD/AV canal defect,
VSD, and ASD secundum.*’:*® In Asia, isolated VSD was the
commonest defect (40%)49; however, in Latin America, ASD
secundum was suggested to be the commonest lesion.>°

Children with DS have increased prevalence of autoim-
mune disorders, and higher prevalence of thyroid diseases
with lifetime prevalence range 13 to 63%.>" In our study,
12.1% of children with DS had thyroid dysfunction, which is
higher than the incidence of thyroid dysfunction previously
reported in African children (0.13%).°? Wide quoted ranges of
thyroid dysfunctions in DS might be explained by different
definitions in laboratory techniques or population
identifications.”>

Conclusion

Comorbidities such as CHD, thyroid dysfunction, hospitali-
zation and ICU admissions, and global developmental delay
were prevalent in DS. CHD was the most common comorbid-
ity; among these, ASD, PDA, and VSD were the commonest.
Among studied dysmorphic features, upward slanting pal-
pebral fissures was the most frequent feature. Risk factors as
Vol. 11
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advanced parental age, low socioeconomic status, parental
education, rural residence, and limited access or improper
prenatal scanning may play a role in DS. However, control
group and larger sample size are needed for more significant
conclusions. Other limitations of the study were the absence
of data regarding prenatal screening and the inclusion of
ultrasound scan alone. Identification of DS with comorbid-
ities allows them to obtain appropriate therapeutic and
educational interventions.
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