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ABSTRACT

بين  السمنة  انتشار  ونسبة  الغذائية،  الحالة  الأهداف:  تقييم 
الأطفال السعوديين المصابين بمتلازمة داون.

العربية  المملكة  الرياض،  في  الدراسة  هذه  الطريقة:  أجريت 
السعودية وذلك خلال الفترة من فبراير إلى مايو 2011م. وشملت 
سريرياً  إصابتهم  ثبتت  البلوغ  سن  قبل  أطفال  الدراسة  مجموعة 
في  متقاربين  لهم  أشقاء  اختيار  تم  ولقد  داون.  بمتلازمة  وجينياً 
العمر ليكونوا في مجموعة الشاهد. لقد تم أخذ البيانات الخاصة 
العضلة  وسماكة  الجسم،  كتلة  ومؤشر  والطول،  الجسم،  بوزن 
والصغرى  الكبرى  المغذيات  وتناول  الرؤوس،  ثلاثية  العضودية 

لكل من مجموعة متلازمة داون ومجموعة الشاهد.

النتائج:  أشارت نتائج الدراسة إلى أن أطفال متلازمة داون قد 
كانوا أقل طولًا من مجموعة الشاهد ولكن لم يوجد أي فروق في 
الوزن بين المجموعتين. وكان أطفال متلازمة داون أعلى من حيث 
بمجموعة  مقارنة  العضودية  العضلة  وسماكة  الجسم  كتلة  مؤشر 
الشاهد، بالإضافة إلى ذلك فقد كان انتشار السمنة والبدانة أعلى 
بين أطفال متلازمة داون مقارنةً بمجموعة الشاهد. كما كان تناول 
الدهون، والبروتين، وريتنول، وريبوفلافين، والبوتاسيوم أقل لدى 

مجموعة أطفال متلازمة داون مقارنة بمجموعة الشاهد.

خاتمة:  أظهرت هذه الدراسة مدى انتشار السمنة الظاهر والواضح 
بين الأطفال السعوديين المصابين بمتلازمة داون.

Objectives: To assess the nutritional status and 
prevalence of obesity among children with Down 
syndrome (DS).

Methods: The study group comprised pre-pubertal 
children, with clinically and cytogenetically proven 
DS. Healthy siblings, closest in age to the DS children, 
were used as a control group. Body weight, height, 
body mass index (BMI), triceps skinfold thickness 
(TSFT), and macro- and micronutrient intakes were 
measured in both groups. The study was conducted in 
Riyadh, Kingdom of Saudi Arabia, between February 
and May 2011.

Results: Children with DS were shorter than their 
siblings, but had comparable weights. The DS children 
had higher BMIs and higher TSFTs, compared with 
their siblings. The prevalence of overweight and 
obesity differed significantly between the DS and 
control groups. The DS children had significantly 
lower intakes of fat, protein, retinol, riboflavin, and 
potassium compared with their siblings.

Conclusion: Obesity appears to be a prominent 
feature among Saudi DS children.
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Down syndrome (DS) is characterized by mental 
and growth retardation associated with genetic 

anomalies. It affects approximately one in 1,000 live 
births, and the incidence of DS births in the Kingdom 
of Saudi Arabia (KSA) is 1.8 for every 1,000 live births,1 
compared with 1.93-3.5/1,000 live births in other 
Arabian countries.1 The overall incidence worldwide 
ranges from 1.25-1.67/1,000 live births.1,2 Feeding 
difficulties, and inappropriate nutrition are common 
problems in children with DS,3,4 and lower energy 
intake in these children has been reported in several 
studies.5-7 Many studies have suggested that DS children 
require fewer calories than average children of the same 
age,8-10 while a few studies have reported that DS and 
healthy children require similar calorie intakes.9,11 Low 
intakes of dietary fiber, vitamin A, and calcium have 
also been reported,6-12 and calcium insufficiency raises 
concerns regarding bone density later in life.13,14 The 
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DS children have a high carbohydrate intake as a result 
of the consumption of large quantities of easy to chew 
starches, the use of sweets as a reward for good behavior, 
and the intake of canned fruit juices.10 Their intake of 
vitamin A is also limited because fruit and vegetables 
may be rejected or not offered.9 

Obesity is associated with a number of chronic 
diseases, including hypertension, insulin resistance 
type-2 diabetes, cardiovascular disease, and stroke.15-17 
Studies indicate a growing incidence of childhood 
obesity in KSA (1.8 for every 1,000 live births).13,18 

Children with DS are often overweight compared with 
age-matched non-disabled children,19-22 and a study on 
Saudi DS children below the age of 5 years reported 
mean body mass index (BMI) curves similar to the 
international cut-off points, indicating a clear tendency 
for overweight.23 Other studies found that 50% of DS 
cases between the ages of one month and 18 years were 
overweight.9,24,25 

Although some research has addressed nutritional 
status and obesity among healthy Saudi children,2,17,26 
nutritional status and obesity in specific subgroups of 
disabilities (such as children with DS) are ill-defined. 
However, overweight and obesity among these children 
are recognized as problems by parents and health 
professionals.7 In this study, we assess the nutritional 
status and the role of diet in the obesity of DS children.

Methods. The Al-Nahda School for Down Syndrome 
and the Down Syndrome Charitable Association in 
Riyadh are the only schools for DS children in Saudi 
Arabia, and were the 2 sites selected for this study. 
The DS children in these schools were distributed in 
classrooms according to their chronological ages. The 
study was conducted in Riyadh, Saudi Arabia, during 
the period between February and May 2011. We 
obtained approval to conduct this study from the school 
board of these 2 schools.

One hundred and eight families were enrolled in the 
study. Consent was obtained from all the families, and 
the objectives of the study were fully explained to them. 
The study group comprised pre-pubertal in the age 
range of 5-12 years DS children (n=108), with clinically 
and/or cytogenetically proven DS. Healthy siblings, 
closest in age to the DS children, were selected as the 
control group (n=113). Siblings were used as controls 
to ensure similar environmental backgrounds. All the 
subjects were living with their parents and had at least 
one sibling living in the same house. Anthropometric 
measurements of the siblings were taken following a 
weekly schedule. Information on the ages and genders 
of the cases and controls was also collected.

Body weights (to the nearest 0.1 kg) and height 
(to the nearest 0.1 cm) were measured using a beam 
balance scale and a meter rule. Two measurements were 
obtained, and a third was taken if the first 2 differed 
by >0.3 kg for weight or >0.5 cm for height. Weight 
measurements were taken with subjects in bare feet, 
with empty pockets, and wearing light clothes. Height 
was measured with the subjects in bare feet and standing 
with their back straight against a vertical mounted 
scale. The BMI was calculated as weight/height2 (wt/
ht2) and was classified according to age and gender into 
overweight (≥85th percentile to <95th percentile), and 
obese (≥95th percentile).27,28

Triceps skinfold thickness (TSFT), which provides 
an estimate of subcutaneous fat, was measured (by 
trained research anthropometrists) to the nearest 0.2 
mm using Holton calipers. The midpoint of the back of 
the upper arm, between the tip of the olecranon and the 
armorial, was determined by measuring the arm flexed 
at 90°. Two measurements were taken, with a third if 
the first 2 differed by >0.10 mm. Dietary assessment29 

was made on the basis of 3-day dietary records kept 
by parents or the primary caregiver to estimate the 
children’s food intake. Because dietary patterns may 
differ between weekdays and weekends, food intake 
was recorded for 2 weekdays and one weekend day. The 
food intake was analyzed, and the nutrient content of 
the diets was estimated for both DS and control groups 
using a local validated food composition table. The 
mean food intake from the 3-day records was used to 
analyze nutrient intakes.

A validated food frequency questionnaire was used 
to evaluate dietary habits. The parents or caregivers were 
interviewed regarding the daily and weekly details of the 
food consumed by their children and the frequencies 
of consumption. The questionnaire included a checklist 
of commonly consumed items. The questionnaire was 
validated for completeness and consistency. Data entry 
and analysis were carried out using the EPI Info 6 
(Centers of Disease Control (CDC), Atlanta, Georgia, 
USA) and the Statistical Package for Social Sciences 
(SPSS Inc., Chicago, IL, USA) version 14. The results 
were presented as number (n), percentage (%), and 
mean value (M) ± standard deviation (SD). T-tests were 
used to test for significant differences in quantitative 
variables that were normally distributed, and Chi-square 
test was used to determine the significance of differences 
in categorical variables between DS children and their 
siblings. Analysis of covariance was used to adjust 
for age differences. Multivariate analysis of variance 
(MANOVA) was used to test for differences in macro 
and micronutrient intake variables. A p-value of less 
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than 0.05 was considered statistically significant. The 
WHO nutrition program in the EPI 2000 statistical 
package was used to compute growth percentiles and 
growth parameters.

Results. Anthropometric measurements. The DS 
children were significantly shorter and had a higher 
BMI than their siblings. The DS children weighed less 
than their siblings, but the difference did not reach the 
significant level. The DS children had higher TSFTs 
than the siblings, and also had a significant excessive 
subcutaneous fat compared with their siblings (Table 1). 
Using the National Center for Health Statistics (NCHS) 
growth charts, the mean height-for-age was significantly 
lower in the DS children (11.4±14.7) compared with 
the siblings (39.8±18.8) (p=0.0001). However, there 
was no significant difference in mean weight-for-age 
between DS cases (38.7±27.8) and siblings (41.7±28.2) 
(p=0.086). Using the 85th and 95th percentile 
cut-off points of the Centers for Disease Control and 
Prevention (NCHS/CDC) growth charts for overweight 
and obesity, the percentages of DS children classified 
as overweight and obese were markedly higher than 
those for the corresponding siblings (p<0.001) (Table 
2). Children with normal and abnormal weights spent 
similar lengths of time watching TV, in both the DS and 
sibling groups (Table 3). Table 4 shows the distribution of 
BMI in the normal weight (<85th percentile) group and 
in the overweight and obese group (≥85th percentile) 
in DS children, by mother’s education level and family 
income. More overweight and obese DS children were 
noted among mothers with secondary or university-
level educations and above. Families with the lowest 
(less than SR5,000) and highest incomes (more than 

SR15,000) had the highest percentages of overweight 
and obese DS children.

Nutritional analysis. The result for the MANOVA 
test is shown in Table 5. Normality test for each group 
dependent variable (micro and macronutrient intake 
variables) were not statistically significant using Shapiro-
Wilk test (p=0.181), indicating no serious normality 
violation. This was confirmed with the skewness and 
kurtosis statistics, all within the range -1 to +1. The 
homogeneity of the variance-covariance matrices 
was assessed by Box’s M test (p=0.314). Bartlett’s test 
for sphericity was significant (p=0.002) indicating a 
sufficient correlation between the dependent variables 
to proceed for analysis. F test using Roy’s largest root 
(p=0.001) is significant. The separate univariate F tests 

Table 1 - Height, weight, body mass index (BMI), triceps skin fold thickness, and subcutaneous fat in 
Down syndrome (DS) children and siblings.

Variable DS children (N=108) Siblings (N=113) P-value

n (%) M ± SD n (%) M ± SD

Boys 62 (57.4) 60 (53.1) 0.41

Girls 46 (42.6) 53 (46.9)

Age
  Boys
  Girls

  8.2 ± 1.7
  7.9 ± 1.5

  8.9 ± 1.4
  8.1 ± 1.6

  0.015
  0.523

BMI (kg/m2) 17.8 ± 3.6 15.1 ± 2.7 0.03

Triceps skinfold 
thickness (mm) 

  9.1 ± 3.2 8.6 ± 2.6 <0.001

Subcutaneous fat (%)
  Normal
  Excess fat

90.7
  9.3

97.3
  2.7

  0.036

Table 2 - Overweight and obesity in Down syndrome (DS) children 
and siblings.

Nutritional status DS children 
(N=108)

Siblings 
(N=113)

P-value

n (%

Normal 62 (56.5) 99 (87.6) <0.0001

Overweight 22 (20.4)   8   (7.1)

Obese 24 (23.1)   6   (5.3)

Table 3 - Television viewing in Down syndrome children and siblings.

Variable Normal (h/day) Overweight and obese 
(h/day)

P-value

DS children 2.3±1.2 2.9±1.8 0.28

Siblings 2.7±1.7 2.8±2.5 0.80
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significantly lower in DS cases compared with siblings, 
other minerals did not show significance in difference 
between DS children and siblings. Although low 
sodium intake is beneficial for the health, its intake was 
significantly lower in DS children compared with their 
siblings.

Discussion. Advances in medical care have played a 
role in improving the quality of life and longevity of DS 
children. In the United States for example, the average 
age at death increased from 25 years in 1983, to 49 
years in 1997, with approximately 44% of individuals 
surviving to age 60 years, and 13% to age 68 years.30,31 As 
the life expectancy in DS has increased, the prevention 
of obesity in this population has become necessary to 
reduce the risk of obesity-related morbidities such as 
diabetes and cardiovascular diseases.32 

Using the 85th and 95th percentile cut-off points 
of the Centers for Disease Control BMI references for 
defining overweight and obesity, this study showed 
that the percentages of overweight and obesity in 
DS children were markedly higher than for their 
corresponding siblings. The results of this study showed 
that DS children were shorter than their siblings, which 
are in agreement with other studies that found reduced 
stature at most ages from birth through to adolescence 
in DS children.9,12

Luke et al6 compared the heights of prepubescent DS 
children with controls, using NCHS growth charts, and 
concluded that the percentile of mean height-for-age in 
prepubescent children with DS was 10.8±12, compared 
with 58.5±22.8 in controls, and the percentile of mean 
weight-for-age in DS children was 58.4±34, which was 
similar to the 58.3±32 in controls. Our results were 
consistent with these findings. 

Despite the high prevalence of overweight and 
obesity in DS children, no significant difference in 
energy intake was found between the DS children 
and their siblings. Several studies have reported lower 
energy intakes in DS children though the relationship 
between caloric intake and weight gain in DS children 
failed to demonstrate an excessive caloric intake.6,7 

The DS children had a lower calcium intake than 
their siblings. Low calcium intake during childhood is 
known to be an important factor leading to low bone 
density and osteoporosis later in life.13,14 Various studies 
have concluded that TV viewing is related to obesity 
in healthy children, because watching TV may be a 
strong marker of energy balance.33-35 Despite the fact 
that the metabolic rate has been reported to fall during 
TV viewing, this activity may also promote snacking on 
more energy-dense foods.36-38 However, no significant 
difference in time spent TV viewing was identified 

Table 4 - Distribution of body mass index by mother’s education and 
family income for Down syndrome children.

Variable Normal 
(<85th 

percentile)

Overweight or 
obese (> 85th 

percentile)

P-value

n (%)

Mother’s education

  Illiterate   8 (12.9)   5 (10.9) 0.65

  Elementary 20 (32.3) 11 (23.9)

  Intermediate   9 (14.5)   5 (10.9)

  Secondary   9 (14.5) 11 (23.9)

  University or above 16 (25.8) 14 (30.4)

Family income (SR)

  <5000 19 (30.6) 15 (32.6)   0.029

  5,000 - <10,000 22 (35.5)   9 (19.6)

  10,000 - 15,000 14 (22.6)   7 (15.2)

  >15,000   7 (11.3) 15 (32.6)

SR - Saudi Riyal

Table 5 - Macronutrient and micronutrient intakes in Down syndrome 
(DS) children and siblings.

Variable DS children Sibling P-value

Energy (Kcal/day)   1692±442    1826±562 0.21

Fat (g/day)     53.4±14.8   64.7±29   0.031

Protein (g/day)     55±14   65.6±23 <0.001

Carbohydrates (g/day)   246.5±68.2 245.5±88 0.84

Fiber (g/day) 11.65±4.7  12.45±5.7 0.57

Retinol (ug/day)     543.5±225.4      719±387   0.024

Carotene (ug/day)  894.5±328   841.5±415 0.73

Thiamin (mg/day)       0.7±0.35      0.8±0.3 0.71

Riboflavin (mg/day)       1.5±0.74        1.8±0.85   0.032

Vitamin C (mg/day)     50.2±32.4      56±28 0.72

Sodium (mg/day)   1880±675   2,331±767 <0.001

Potassium (mg/day)   1704±535   1,964±751   0.038

Calcium (mg/day)     515±297         626±277.3   0.017

Phosphorus (mg/day)        911±327.5       1029±277.4 0.21

Iron (mg/day)   25±3    33±4 0.34

for all the dependent variable for between DS children 
and siblings are shown in Table 5. No difference in 
calorie or energy intake was observed between DS and 
siblings. The DS children had significantly lower intakes 
of protein and fat compared with the siblings. The DS 
children also had significantly lower intakes of retinol, 
riboflavin, and potassium. While calcium intake was 
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between normal-weight children, and overweight, and 
obese DS children in the current study. It is possible 
that cognitive impairment in DS children may limit 
their duration of TV viewing.

Our results indicated that obesity was associated 
with the mother’s education and family income. The 
percentages of overweight or obese children increased 
in families with higher family incomes and with 
mothers with higher educational statuses. These results 
were consistent with those of other studies, in which 
overweight in healthy children was associated with 
either high income or mothers with high educational 
statuses.38,39 This may be because more highly educated 
mothers have less time to control their children’s food 
intakes and dietary habits. The results showed also 
that the percentage of children who are overweight 
or obese was increased with low family incomes less 
than SR5000. This was consistent with other studies 
in healthy children that reported that the prevalence of 
childhood obesity is increasing rapidly in low income 
countries and there is an inverse relationship between 
energy density and energy cost, such that energy dense 
foods composed of refined grains, added sugars, or fats 
may represent the lowest-cost options.40,41

In conclusion, obesity is a prominent feature 
among Saudi DS children, as found in several studies 
conducted in similar age groups in other countries. 
Early detection of excessive weight gain could correct 
the growth rate patterns of these children. The height 
and height-for-age percentiles were significantly lower 
in DS children compared with the siblings, suggesting 
that measuring BMI using age-related reference curves 
would provide a better indicator of overweight and 
obesity than using weight-for-age, which does not take 
account of the shorter stature of DS children. One 
limitation of the study is children with minor medical 
problems were included in the study, because exclusion 
of those known with medical problems would have 
significantly restricted the sample and because of the 
shortage in the records regarding medical condition 
status in these schools. There is a need to conduct a 
national study to assess the prevalence of obesity and 
evaluate the nutrition status among all DS age groups.
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