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ABSTRACT

المدارس  أطفال  لدى  السمنة  انتشار  مدى  من  التحقق  الأهداف:  
مرحلة  في  الأسنان  وتسوس  السمنة  بين  العلاقة  ودراسة  الأبتدائية 

ظهور الأسنان.

الملك  جامعة  في  المستعرضة  الدراسة  هذه  أجريت  الطريقة: 
عبدالعزيز، جدة، المملكة العربية السعودية خلال الفترة من 2014م 
إلى 2015م باستخدام العينة الطبقية متعددة المراحل المكونة من 915  
طفل في المرحلة الإبتدائية )482 ذكر، 433 أنثى( في جدة، المملكة 
ومؤشر  والوزن  الطول  قياسات  على  الحصول  تم  السعودية.  العربية 
الأطفال  بتصنيف  قمنا  الأطفال.  من  الخصر  ومحيط  الجسم،  كتلة 
كذلك إلى نقص في الوزن، وزن مثالي، زيادة الوزن  أو سمنة مفرطة 
أو سمين وغير سمين طبقاً لمؤشرات كتلة الجسم ومحيط الخصر على 

التوالي. تم تقييم درجة التسوس في الأسنان اللبنية والدائمة.

يعانون  الأطفال  من   18% الجسم،  كتلة  مؤشر  على  بناء  النتائج: 
%64 كان وزنهم  الوزن، و  %18 يعانون من زيادة  من السمنة، و 
طبيعي. وبناء على محيط الخصر، و %16 كانوا يعانون من السمنة 
الفتيات  لدى  السمنة  انتشرت  بدناء.  غير  كانوا   84% و  المفرطة، 
بشكل أعلى بناء على محيط الخصر)p<0.001(، و ليس مؤشر كتلة 
الجسم. وارتفعت السمنة كذلك لدى الأطفال المسجلين في المدارس 
وكان  العامة.  المدارس  عن   )p<0.05( ملحوظ  وبشكل  الخاصة 
والأطفال الذين يعانون من ارتفاع مؤشر كتلة الجسم ومحيط الخصر 
والدائمة  اللبنية  للأسنان  الأسنان  تسوس  معدل  انخفاض  لديهم 

.)p<0.05(

الخاتمة: أن نسبة انتشار السمنة عالية بين أطفال المدارس الإبتدائية 
الذكور والإناث، كما تناسب تسوس الأسنان بشكل عام عكسياً مع 

مؤشر كتلة الجسم ومحيط الخصر.

Objectives: To investigate the prevalence of obesity 
among elementary school children and to examine the 
association between obesity and caries activity in the 
mixed dentition stage. 

Methods: This cross-sectional study was conducted in 
King Abdulaziz University, Jeddah, Kingdom of Saudi 
Arabia between September 2014 and June 2015 using 
a multi-stage stratified sample of 915 elementary school 
children (482 boys, 433 girls) in Jeddah, Saudi Arabia. 
Anthropometric measurements, consisting of height, 
weight, body mass index (BMI), and waist circumference 
(WC), were obtained. Children were classified as 
underweight/healthy, overweight, or obese and as 
non-obese or obese according to their BMI and WC, 
respectively. Each child’s caries experience was assessed 
using the decay score in the primary and permanent 
teeth. 

Results: Based on BMI, 18% of children were obese, 
18% were overweight, and 64% were underweight/
normal. Based on WC, 16% of children were obese, and 
84% were non-obese. Girls had a significantly higher 
prevalence of obesity based on WC measurements 
(p<0.001), but not BMI. Children enrolled in private 
schools had a significantly higher prevalence of obesity 
(p<0.05) than those in public schools. For primary and 
permanent teeth combined, children with higher BMI 
and WC had a lower prevalence of caries (p<0.05).

Conclusion: The prevalence of obesity was high among 
male and female elementary school children. Overall 
caries activity was inversely proportional to BMI and 
WC.
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Obesity is a complex condition with a serious 
impact on overall health, both physically and 

psychologically. It is defined by the World Health 
Organization (WHO) as “abnormal or excessive fat 
accumulation that may impair health”.1 Overweight, in 
contrast, is defined as “a body mass index (BMI) of 25 
kg/m2 or more”. The WHO uses BMI to classify obesity 
and it is calculated by dividing weight in kilograms 
by the square of height in meters (kg/m2). Given the 
limitations of BMI, waist circumference (WC) has been 
suggested as a more accurate predictor of the risk of 
obesity.2 

Obesity remains a constant threat to overall health 
by causing several other medical conditions. At any age, 
obesity can affect the cardiovascular, respiratory, skeletal, 
and endocrine systems.3,4 It can also increase the risk of 
breast cancer in adolescence.5 Further, obesity not only 
affects the individual physically, but also negatively 
affects the psyche and self-esteem.6 

The prevalence of obesity has been increasing rapidly 
worldwide in all age and socioeconomic groups, both 
in developed and developing countries.7 A report from 
South Africa has documented a significant rise in 
obesity in children aged 6-9 years of age.8 Similarly, in 
Australia, a review by Dyer et al9 reported an increase 
in the prevalence of obesity with age in the childhood 
years, with a rate of 27.5% in children aged 5-9 years 
and 38.5% in those aged 10-14 years. In the UK, more 
than 3% of children aged 10-11 years had severe obesity 
according to a study by Ells et al.10 A high prevalence of 
obesity has been found among school children in France 
and China.11,12 Since the 1970s, the prevalence of obesity 
in the USA has increased by 2-fold in children aged 2-5 
years and by 3-fold in children aged 6-11 years.13,14 For 
these reasons, obesity is now regarded as an increasing 
problem in pediatrics and has been referred to as “an 
epidemic” by the WHO and in the literature.4,7,15,16

Despite improved preventive regimes and advances 
in early diagnostic techniques, dental caries remains a 
highly prevalent childhood disease, especially in Saudi 
Arabia.1,17-19 Because high-calorie diets are a major 
cause of obesity, it is speculated that these diets could 
also cause dental caries. Numerous studies have been 
performed to determine whether an association exists 

between overweight/obesity and caries; however, the 
results of these studies have been inconsistent.20-22  

In Saudi Arabia, obesity is a problem at any age. 
A review in 2011 reported an increase in obesity with 
increasing age. In preschoolers, the prevalence of obesity 
was reported to be 8-9%, whereas in the age group of 
30-60 years, rates were 70-85% in men and 75-88% 
in women.23 Jeddah is the second largest city in Saudi 
Arabia and is the commercial capital of the country. It 
is located along the eastern coast of the Red Sea and has 
a population of 3.4 million, of which more than 30% 
are younger than 15 years of age.24 Although studies 
investigating obesity among Jeddah school children have 
been found in the literature, there is as yet no published 
work targeting the entire population of elementary 
school children in Jeddah. The aims of this study were 
to investigate the prevalence of obesity and overweight 
among boys and girls in public and private elementary 
schools and to determine any associations between 
obesity and caries activity in the mixed dentition stage 
among school children in Jeddah.

Methods. The ethics committee of the Faculty of 
Dentistry at King Abdulaziz University (KAUFD) 
approved the protocol for this observational, analytical, 
cross-sectional study. The targeted population included 
all Saudi and non-Saudi children registered in 
elementary schools in Jeddah according to the Ministry 
of Education. The total population was 239,565 
children. According to previous population-based 
studies, the prevalence of overweight and obesity in the 
target children was hypothesized to be 30%.25 Thus, to 
calculate the sample size, the percentage frequency of 
the outcome factor was set at 30% with 3% confidence 
limits. In addition, the confidence level was set at 95%, 
the significance level at 0.05, and the power at 85%. 
The estimated sample size was 894 children. The sample 
size was calculated using the free web-based operating 
system OpenEpi, version 2.26

A multistage stratified random sampling of 
elementary students in Jeddah was undertaken. There 
were 121,090 male and 118,475 female students 
distributed across 621 public and private elementary 
schools. Based on this number, a male to female ratio 
of 1:0.97 was used to divide the sample of 894 students 
into the corresponding number of subjects for each 
gender, resulting in 454 male and 440 female students.

The decision was made that the school would 
be used as the unit for sample selection according to 
a numbered list that was prepared previously. Two 
numbers representing a private school or a public school 
were selected in each of Jeddah’s main 4 districts (north, 
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east, south, and west) for each gender in order to meet 
the required sample size. Third-grade school children 
were selected to ensure that all subjects were in a stage 
of mixed dentition. For each school, two-third grade 
classes were randomly assigned (by the bowl method) 
to join the study. If the school was found to have only 
one third-grade class, a different school was randomly 
selected. Approval to visit the selected schools and 
collect data from the students was obtained from the 
Saudi Ministry of Education in Jeddah. Moreover, 
approval of the school principal was obtained prior to 
the school visit. During the first visit, consent forms 
with information about the study were distributed to 
the students. Students were encouraged to bring back 
the consents on the following morning. A total of 1,200 
consent forms were distributed.

At the next school visit, children who had brought 
back a signed consent form were examined. There were 
915 students in total; 231 were male students in private 
schools, 251 were male students in public schools, 232 
were female students in private schools, and 201 were 
female students in public schools. Data collection took 
place over the 10 months from September 2014 to June 
2015.

Children were eligible to participate in the study if 
they were in the third grade, were aged 7-10 years, and 
had returned a signed parental consent form.

I. Anthropometric measurements. Anthropometric 
measurements, consisting of height, weight, and 
WC, were obtained by 3 calibrated investigators. The 
calibration exercise was performed using a detailed rubric 
for height and WC measurement. The inter-examiner 
reliability was assessed in 20 patients attending KAUFD 
clinics, and the kappa score was 0.77. The intra-examiner 
reliability was assessed by using 10 patients attending 
KAUFD clinics who were examined on 2 occasions one 
week apart, and the kappa score was 0.85. In the event 
of disagreement between investigators, consensus was 
reached by retaking the measurements. Two readings 
for each measurement were performed for each child. 
The median of these readings was used for the analysis.

Height was recorded using a commercial non-elastic 
measuring tape. The children stood barefoot, with 
shoulders straight, legs hanging freely, and head looking 
straightforward. A point was marked on large white 
cardboard fixed to the wall that corresponded to the 
highest point of the head. The tape was used to measure 
the distance from the floor to that point. Height was 
rounded to the nearest 0.1 cm. 

An electronic weight scale was used to measure 
body weight with light clothing on and without shoes, 
jackets, or heavy accessories. The readings were rounded 
to the nearest 100 g.  

Waist circumference was measured using a 
non-elastic measuring tape at the highest point of the 
iliac crest when the child was standing at minimal 
respiration. WC was rounded to the nearest 0.1 cm.2,14

Body mass index was calculated for each student by 
dividing the weight in kilograms by the square of the 
height in meters (kg/m2). 

Dental charting. Dental charting was performed 
by 2 calibrated investigators other than the coauthors 
who obtained the anthropometric measurements. 
The calibration exercise was performed using a 
detailed rubric for dmf/DMF scoring according to 
the National Institute of Dental Research criteria.27 
The inter-examiner reliability was assessed using 30 
patients attending KAUFD clinics, and the kappa score 
was 0.90. The intra-examiner reliability was assessed 
using 10 patients attending KAUFD clinics examined 
on 2 occasions with a one-week interval between 
occasions, and the kappa score was 0.85. In the event 
of disagreement, consensus was reached by retaking the 
measurements.

Diseased or filled scores (df/DF) were used to 
assess the child’s caries experience in the primary and 
permanent teeth, respectively. Missing teeth were not 
charted because of insufficient accounting for the reasons 
for extraction. The examination was non-invasive and 
performed under torchlight and used basic infection 
control measures. The children were seated in front of 
the examiner on a school chair during the examination. 
A round-ended dental probe, a sterile, flat-surfaced 
non-magnifying mouth mirror, gauze, and cotton rolls 
were used. Teeth that contained temporary restorations 
were marked as d for primary or D for permanent 
teeth. Teeth with fissure sealants were marked as sound, 
as were teeth with white spot lesion/s only. After the 
dental examination, a confidential report was sent to 
the parents, informing them about their child’s oral 
health status and treatment needs along with a referral 
letter to KAUFD.

Data analysis. In this study, the classification of 
overweight and obesity in children was based on 2 
measurements, namely, BMI and WC. The BMI was 
categorized using the Saudi age-specific and gender-
specific BMI percentiles introduced by Al Herbish et al28 
and the cut-off points suggested by Barlow  & Expert29 
The principal cutoff points and their corresponding 
classifications were as follows: underweight (<5th 
percentile), normal (5th-84th percentiles), overweight 
(85th-94th percentiles), and obese (≥95th percentile). 
With regard to WC, a cutoff of ≥90th age-specific and 
gender-specific percentile was used to define obesity.30 
Diseased scores (d/D) were used to assess the caries 
experience in the primary and permanent teeth. 

http://www.smj.org.sa/index.php/smj/index
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Medians and interquartile ranges (IQRs) were 
reported for the continuous subject characteristics. 
Frequencies and percentages were reported for the 
categorical characteristics, as well as obesity status 
and caries experience in the primary and permanent 
teeth. The associations between obesity status, caries 
experience, gender, and type of school attended 
were analyzed using the Chi-square test, as were the 
associations between obesity status and caries in the 
primary, permanent, and both primary and permanent 
teeth. The significance level was set at p<0.05. The 
statistical analysis was conducted using STATA version 
13.0 software (StataCorp, College Station, TX, USA).

Results. The study included 915 elementary school 
children. The characteristics of the study population 
are shown in Table 1. The median (IQR) age of the 
participants was 9.0,8,9 years, with a range of 7-10 years. 
Girls constituted 47% of the sample. The students were 
enrolled in private (51%) or public (49%) elementary 
schools representing the 4 districts of Jeddah city. The 
median (IQR) BMI of the participants were 17 (15, 
22) kg/m2 and WC 62 (57, 70) cm. Based on the BMI 
obesity classification, 18% of the students were obese, 
18% were overweight, and 64% were underweight/
normal. Based on the WC obesity classification, 16% 
of the students were obese, and 84% were non-obese.
    Table 2 shows the association between obesity status 
and gender or type of school attended. Girls had a 
significantly higher prevalence of obesity based on 
WC measurements (p=0.009) but not BMI (p=0.258). 
Based on WC, approximately 19% of girls were obese 
compared with 13% of boys. With regard to type of 
school, children enrolled in private schools had a 
significantly higher prevalence of obesity. Based on 
BMI, 41% of children from private schools were 
classified as overweight or obese compared with 31% of 

Table 1 - Characteristics of the 915 elementary school children.  

Characteristics N (%
Age (mean±SD) (years) 9.0±8.9
Gender

Male 482 (53)
Female 433 (47)

School type
Private 463 (51)
Public 452 (49)
BMIa (median [IQR], kg/m2) 17 (15, 22)

BMI classification
Underweight/normal 588 (64)
Overweight 163 (18)
Obese 164 (18)

WCb  (median [IQR], cm) 62 (57, 70)
WC classification

Non-obese 768 (84)
Obese 147 (16)

BMI - body mass index, WC - waist circumference, 
IQR - interquartile range

Table 2 - Prevalence of obesity by gender and school type.

Variables Gender School type
Male Female P-value* Private Public P-value*

BMI classification
Underweight/normal 307 (64) 281 (65) 0.258 275 (59) 313 (69) 0.007
Overweight  80 (17) 83 (19)   92 (20)   71 (16)
Obese  95 (20) 69 (16)   96 (21)   68 (15)

WC classification
Non-obese 419 (87) 349 (81) 0.009 374 (81) 394 (87) 0.008
Obese   63 (13)   84 (19)   89 (19)   58 (13)

Data are expressed as number and percentage (%), *Chi-square test was used, BMI - body mass index, 
WC - waist circumference 

children from public schools (p=0.007). Based on WC, 
19% of children from private schools were classified 
as obese compared with 13% of children from public 
schools (p=0.008).

The relationship between the prevalence of dental 
caries and gender, or type of school are summarized in 
Table 3. The prevalence of dental caries in the primary, 
permanent dentition was 79%, and both primary 
(59%) and permanent (86%). There was no significant 
difference in prevalence of caries between girls and boys; 
however, there was a significant difference in caries 
prevalence between children enrolled in private and 
public schools. Children in private schools had a lower 
prevalence of caries in their primary teeth (p<0.001), 
permanent teeth (p<0.001), and both primary and 
permanent dentition combined (p<0.001).

http://www.smj.org.sa/index.php/smj/index
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Table 4 shows the association between prevalence 
of caries and obesity status. Although the prevalence 
of caries in primary and permanent teeth was lower in 
children with higher BMI and WC, the differences were  
not statistically significant. For primary and permanent 
teeth combined, children with higher BMI had a lower 
prevalence of caries (p=0.031). The prevalence of caries 
was 88% for underweight/normal, 86% for overweight, 
and 80% for obese children. The prevalence of caries 
was also significantly lower among obese children 
(80%) than in non-obese children (87%; p=0.012) 
when obesity was classified based on WC.

Discussion. This cross-sectional survey revealed 
a high prevalence of obesity (36%) in elementary 
school children in Jeddah, Saudi Arabia. Several 
reports have shown that the prevalence of obesity and 
overweight among children is increasing in developed 
and developing countries, and this is becoming a 
public health concern.31 What was previously viewed 
as an adult problem is now becoming a health care 

issue for children as well.32 Saudi Arabia and the Gulf 
region are not exempt because surveys have reported 
a similar pattern in children of all age groups.25 It is 
plausible that the rapid economic changes experienced 
in Saudi Arabia over the last decade have changed local 
lifestyle and dietary habits.34-36 A study by Alghadir et 
al37 in 2015 reported high consumption of high-fat 
fast foods and drinks containing large amounts of 
sugar among Saudi schoolchildren. Sugar-sweetened 
carbonated beverages have been found to be associated 
with higher BMI and poor dietary choices involving, 
for example, frequent desserts, savory snacks, and 
total sugar consumption, as well as with lower milk 
consumption.37 The consumption of such beverages 
is high in Saudi children, which might explain why 
they have a high prevalence of obesity.37  Our research 
showed no significant difference in prevalence of 
obesity between boys and girls based on BMI. This 
finding is in agreement with the findings of the 2015 
National Health and Nutrition Examination Survey.38 
However, it is not consistent with some reports from 

Table 3 - Prevalence of caries (primary, permanent and both) by gender and school type.

 Variables Total Gender School type
  Male Female P-value* Private Public P-value*

Primary teeth              
Non-carious 191 (21) 101 (21)   90 (21) 0.950 132 (29)   59 (13) <0.001
Carious 724 (79) 381 (79) 343 (79)   331 (71) 393 (87)  
Permanent teeth              
Non-carious 374 (41) 190 (39) 184 (42) 0.345 225 (49) 149 (33) <0.001
Carious 541 (59) 292 (61) 249 (58)   238 (51) 303 (67)  
Primary and permanent teeth              
Non-carious 127 (14)   59 (12)   68 (16) 0.130 86 (19)  41   (9) <0.001
Carious 788 (86) 423 (88) 365 (84)   377 (81) 411 (91)  

Data are expressed as number and percentage (%), *Chi-square test was used.

Table 4 - Association between caries experience (primary, permanent and both) and obesity status.

 Variables Primary Permanent Primary & Permanent

Non-carious Carious P-value* Non-carious Carious P-value* Non-carious Carious P-value*

BMI classification                  
Underweight/normal 112 (19) 476 (81) 0.065 231 (39) 357 (61) 0.406 71 (12) 517 (88) 0.031

Overweight   34 (21) 129 (79)     70 (43)   93 (57)   23 (14) 140 (86)  

Obese   45 (27) 119 (73)     73 (45)   91 (55)   33 (20) 131 (80)  

WC classification                

Non-obese 152 (20) 616 (80) 0.065 307 (40) 461 (60) 0.205 97 (13) 671 (87) 0.012

Obese   39 (27) 108 (73)    67 (46)   80 (54)   30 (20) 117 (80)  

Data are expressed as number and percentage (%), *Chi-square test was used, BMI - body mass index, WC - waist circumference

http://www.smj.org.sa/index.php/smj/index
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Saudi Arabia showing higher rates of obesity in boys 
than in girls. A steady increase in obesity with age was 
noted in Saudi children such that by the age of 14-18 
years, approximately 36% of boys and 19% of girls were 
obese.25 In contrast, Mahfouz et al39 found obesity to be 
more prevalent among in adolescent girls than in their 
male counterparts in the southwestern region. 

Based on WC measurements, obesity rates were 
higher in girls (19%) than in boys (13%). It has been 
reported that boys are significantly more active and 
more likely to meet physical activity guidelines than 
girls.40 Similarly, other studies in developing countries 
have shown a lower prevalence of obesity in boys than 
in girls, which could be due to different cultural habits 
regarding diet and physical activity.35,41 As this study was 
school-based, we investigated the relationship between 
prevalence of obesity and type of school. Our data 
show that, based on BMI, obesity was more prevalent 
in private schools (41%) than in public schools (31%). 
This finding is consistent with prevalence of obesity 
based on WC (19% in private schools versus 13% in 
public schools) and with reports of significantly higher 
percentages of obesity in private Indian schools.42,43 The 
higher prevalence of obesity in private schools might be 
related to co-existing factors rather than to the type of 
schooling per se. Although most research has indicated 
that people of lower socioeconomic status have higher 
rates of obesity.44-47 there are some reports indicating 
a greater prevalence in the higher socioeconomic 
classes.47,48 For example, wealthier families are more 
likely to drive their children to school and not rely on 
walking or public transport. In addition, they are also 
more likely to provide more frequent and larger meals 
as well as afford computer and video games.41 

Obesity and caries are concomitant conditions in 
many populations, largely because of common risk 
factors, including consumption of highly caloric and 
cariogenic substances. The current data show that the 
prevalence of dental caries is significantly lower in obese 
children than in their non-obese counterparts. There has 
been conflicting evidence in the literature with regard 
to the nature and direction of this association. Similar 
to our results, it has been shown that dental caries is 
inversely associated with all anthropometric outcomes 
in Saudi children, including height and weight, 
suggesting that untreated caries is associated with 
poorer growth.18 Furthermore, a survey by Werner et 
al49 showed that a smaller proportion of obese children 
than normal weight children present with dental caries 
at their dental initial examinations.

Dental caries could be proposed to have an indirect 
impact on obesity. Children with severe dental caries and 
pain while chewing might not be able to eat enough to 
meet nutritional requirements, which could ultimately 
result in malnutrition and impairment of growth.18,50 In 
addition, caries can affect the child’s weight indirectly 
via immune, endocrine, or metabolic responses leading 
to malnutrition, retardation of growth, or impairment 
of nutrient absorption.51 

In contrast, multiple studies have demonstrated 
that both conditions share common risk factors, which 
would support a positive association. The role of diet, 
for example, is significant in the development of both 
diseases. Healthy eating, with the inclusion of fruits and 
vegetables, promotes better overall health. Children who 
make poor food choices are at greater risk of becoming 
obese and having dental caries.46,52 Willershausen et 
al53 found a significantly lower percentage of obese 
children to have caries-free teeth than normal-weight 
children.53 Further, an association between high BMI 
and incidence of permanent molar smooth surface 
caries was documented by Hilgers et al.21 Nevertheless, 
some investigators have found no correlation between 
childhood obesity and dental caries.20,54 

In conclusion, the prevalence of obesity was high 
among male and female elementary school children. 
Obesity was more prevalent in elementary school girls 
and in private school students. Overall caries activity 
was inversely proportional to BMI and WC. It is 
of pivotal importance for health care providers and 
education policy-makers to raise public awareness of 
the obesity epidemic and to implement strategies to 
prevent, identify, and manage it at earlier ages and 
stages. Pediatric dentists could also play an important 
role in preventing obesity via dietary counseling and 
medical referrals, which could benefit both dental and 
overall health in children.

Study limitations. Limitations of this study include: 
no information was gathered on medical history, 
nutritional habits, socioeconomic status, or activity 
level of the children. Further more, despite meticulous 
clinical examination was used to assess caries activity, 
but no radiographs were used.

This study confirms the high prevalence of obesity in 
school children. It also shows that rates of dental caries 
activity are inversely proportional to obesity. Future 
studies containing larger samples are needed to evaluate 
the effect of obesity on specific types of caries (fissure 
versus smooth surface caries and anterior versus posterior 
caries). Furthermore, investigators are encouraged to 

http://www.smj.org.sa/index.php/smj/index
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investigate the association between obesity and risk 
factors, in particular socioeconomic status, nutritional 
status, and parental level of education.
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