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Abstract 

Introduction  

Obesity is one of the most prevalent diseases worldwide today. It results from a 

combined effects of, environmental, lifestyle, and genetic factors. The leptin receptor gene 

plays a critical role in the regulation of body weight. Genetic variations of leptin receptor 

gene may play a role in the pathophysiology of human obesity. Dietary and lifestyle factors 

are also considered as a risk factors for obesity among adolescents. Our study aimed to 

evaluate the relation between these factors and obesity among adolescents in Gaza strip.  

Materials and methods 

The present study is a cross sectional study included 409 secondary school 

adolescent females age (16-17) years (grades 10 and 11) selected randomly from 6 schools 

distributed all over the 6 governorates in Gaza strip-Palestine. weight was measured for the 

students and recorded in kilograms (Kg). Height (in meters)was measured. The participants 

were classified according to the current standard definitions of overweight and obesity used 

by the Center for Disease Control (CDC) and World Health Organization. BMI was 

determined using graphs or growth charts to find each adolescents BMI percentile-for-age. 

lipid profile of the study population was also determined. Genomic DNA was extracted and 

amplification of the LEPR gene was carried out using polymerase chain reaction restriction 

fragment length polymorphism(PCR-RFLP). The distribution of alleles frequency of the 

leptin receptor GLN223ARG polymorphism was determined and compared between 

normal weight and obese females. 

Results 

Prevalence of overweight and obesity among study population was 27.9% and 6.6% 

respectively. Average body mass index of obese females(obese and overweight) was (27.3 

± 3.2) whereas that of normal weight females was (21.4 ± 1.8). Mean levels of triglycerides 

were (14.8 ± 27.6 mg\d) among obese and (109.11 ± 26.27 mg\d) among normal weight 

females with significant difference (P=0.039). The mean levels of total cholesterol, and 

LDL were increased in obese compared to normal weight (146 ± 30.3 mg/dl  vs. 143.6 ± 28 

mg\d, P=0.430) and (86.4 ± 29.0 mg/dl vs. 85 ± 29.9 mg\d, P=0.63) respectively but the 

differences were  not significant. Sixty nine percent  (69.3%) of the fathers of normal 

weight girls were employed compared to obese girls where (60.1%) of their fathers were 

employed (P=0.05).  
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Twenty five percent (25.6%) of normal weight girls reported obesity among their relatives 

compared to (46.8%) of Obese girls ( P=0.000), and Twenty one percent (21.1%) of normal 

weight females reported that they had gone  in diet compared to (54%) Of obese 

girls(P=0.000). Among obese girls, (56.2%) watch television more than  one hour (>1 

hour) daily compared to (45.3%) of normal weight girls (P=0.038). When comparing the 

frequency of the mutant genotype with that of wild type, the mutant genotype  was higher 

(43.7%) among obese compared to normal weight females (35.6%) but the difference was 

not statistically  significant (P=0.068). For normal weight females (74.2%) of them eat 

breakfast regularly compared to obese females (64.5%) (P=0.04).With regard to the frequency of 

homozygous(ARG-ARG) genotype there was a significant difference between obese 

(19.2%) and normal weight girls (10.9%)( P=0.05).When analyzing the effect of the 

genotype on triglyceride levels, females with the homozygous (ARG-ARG) genotype have 

higher mean triglyceride level (121.17 ± 32.43 mg\d) compared to those with wild type 

(GLN-GLN) (110.12 ± 24.22 mg\d) and heterozygous type(GLN-ARG) (109.86 ± 29.57 

mg\d) (p=0.045). 

Conclusion: It is  concluded that fathers job, family history of obesity, psychological 

factors, watching television more than one hour (>1 hour) daily, having breakfast and 

genetic polymorphisms (GLN223ARG) of Leptin receptor gene, represent potential risk 

factors for obesity among  female adolescents in Gaza strip.   

 

 

Keywords: Obesity, Leptin receptor (GLN223ARG) polymorphism, adolescents, 

lifestyle factors, Gaza strip. 
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 البحث هستخلص

للسمنة بين  مسببة( ,عوامل Gln223Argتقييم دور عوامل التغذيةو نمط الحياةووطفرة جين اللبتين )
 . فلسطين-طالبات المرحلة المانوية في قطاع غزة

 المقدمة
لوراثية والبيئية.  يعد تعد السمنة من أكثر األمراض انتشارا في العالم حيث تنشأ من التأثير التفاعمي لمعوامل ا

جين مستقبل ىرمون المبتين من أىم الجينات التي تمعب دورا في تنظيم وزن الجسم لذا فأن االختالفات الجينية لمستقبل 
ىرمون المبتين تمعب دورا ىاما في حدوث السمنة. إضافة إلى العوامل الوراثية, فان العوامل التغذوية ونمط الحياة أيضا 

مخاطرة لمشكمة السمنة خاصة لدا المراىقين. تيدف ىذه الدراسة إلى تقييم العالقة بين ىذه العوامل  يعتبران عوامل
 والسمنة لدا المراىقين في قطاع غزة. 

 منيجية البحث  
 – 51)  طالبة من طالبات المرحمة الثانوية تراوحت أعمارىن بين 904ىذه الدراسة ىي دراسة مقطعية شممت 

مدارس موزعة عمى محافظات قطاع  6ف العاشر والحادي عشر حيث تم اختيارىن عشوائيا من ( سنة في الصفو 51
غزة. تم قياس الوزن لمطالبات وتسجيمو بوحدة )كجم( وكذلك تم قياس الطول واحتسابو )بالمتر(. تم تصنيف الطالبات 

ظمة الصحة العالمية ومركز السيطرة حسب الوزن تبعا لممقاييس الحديثة لمبدانة وزيادة الوزن المستخدمة من قبل من
( باستخدام الجداول والرسومات البيانية لمنحنيات النمو BMI. تم قياس مؤشر كتمة الجسم )CDC)عمى األمراض )

( ومضاعفة جين DNAلكل طالبة. تم قياس وتحميل الدىون في الدم لمطالبات. تم استخالص الحامض النووي )
( ثم احتساب التوزيع التكراري أللميالت طفرة جين المبتين من النوع PCR-RFLPت )مستقبل المبتين باستخدام تقنيا

(GLN223ARG .ومقارنتو بين الطالبات ذوات الوزن الطبيعي وممن يعانين من السمنة ) 

 النتائج 
)     %( وكان متوسط مؤشر كتمة الجسم لمطالبات البدينات6.6بمغ معدل انتشار السمنة في مجتمع الدراسة )

(. بمغ متوسط مستويات الدىون الثالثية )  35.9±  5.1أما لمطالبات ذوات الوزن الطبيعي فكان )  ±31.3  3.3
( لذوات الوزن الطبيعي مع وجود فروق ذات داللة 504.55±  36.3( لمطالبات البدينات. بينما بمغ ) ±559.1  31.6

 الوزن وذوات البدينات لمطالبات الكولسترول و( LDL) تمستويا لمتوسط بالنسبة أما(.  إحصائية )
  بالتتابع فبمغت الطبيعي

 ( ,9292  ±0.98 vs.  (mg\dl )9298  ±04968 )66394±  90,  ) و 
vs.(mg\dl )3893  ±66498  .)ئيةإحصا داللة ذات فروق وجود عدم مع البدينات بين نسبتيا ارتفاع مالحظة مع .
%(  48) مقابل الموظفين من ىم الطبيعي الوزن ذوات الطالبات أباء من%(  63) أن وجد األب بمينة يتعمق فيما أما
 لوحظ لمسمنة العائمي لمتاريخ بالنسبة أما(.  ) إحصائية داللة ذو الفارق وكان البدينات الطالبات أباء من
 الطالبات من%(  6490) مقابل عائالتين بين بدانة وجود سجمن الطبيعي الوزن ذوات الطالبات من%(  9.94) أن

 (.) إحصائية داللة ذو فارق وجود مع البدينات
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 مقابل غذائية حمية يتبعن أنين%(  96) الطبيعي الوزن ذوات الطالبات من بالمائة وعشرون احدي سجمت
 سجمت قد التمفاز لمشاىدة بالنسبة(.  ) إحصائية داللة ذو فارق وجود مع البدينات الطالبات من%(  6.)
 الطبيعي الوزن ذوات من%( .6) مقابل يوميا ساعة من ألكثر التمفاز يشاىدن أنين البدينات الطالبات من%( 4.)

 أنين بيعيالط الوزن ذوات الطالبات من%(  46)  سجمت أيضا(. ) إحصائية داللة ذو الفارق وكان
(. ) إحصائية داللة ذو الفارق وكان البدينات الطالبات من%(  46) مقابل بانتظام اإلفطار وجبة يتناولن

 بين الطفرة ذو الطراز انتشار زيادة لوحظ الطبيعي الجيني الطراز مع الطفرة ذو الجيني الطراز نسبة مقارنة عند  أما
(.  ) إحصائية داللة ذو ليس فارق مع الطبيعي الوزن ذوات بين%(  3.94)  مقارنة%(  6394)  البدينات

 وبين%( 6299) البدينات بين انتشاره نسبة كانت( ARG-ARG)  الجينات متماثل الجيني الطراز مقارنة عند و
 الطراز تأثير دراسة تم دماعن(.  ) إحصائية داللة ذو فارق مع%( 6892) الطبيعي الوزن ذوات الطالبات
 الجيني الطراز ذوات الطالبات أن وجد الثالثية الدىون مستوى متوسط عمى الجيني

(ARG-ARG )الطراز ذوات بالطالبات مقارنة( 69699±  3996) أعمى لديين الثالثي الدىون مستوى متوسط كان 
 مع( GLN-ARG   ( )9294  ±68292) الجيني الطراز وذوات( GLN-GLN ( )9699 ±6689669) الجيني
 (. ) إحصائية داللة ذو فارق

  االستنتاج
 ساعة من ألكثر التمفاز مشاىدة, النفسي العامل,  لممرض العائمي التاريخ, األب مينة من كل أن إلى الدراسة خمصت

 تمثل( (GLN223ARG النوع من بتينالم مستقبل لجين الجينية الطفرة)  الوراثي العامل و اإلفطار وجبة تناول, يوميا
 .غزة قطاع في المراىقات الطالبات بين لمسمنة مسببة عوامل
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Chapter One 

Introduction 

1.1 Overview  

During the process of change, aiming to urbanization, different population groups 

experienced greater changes in their dietary and activity patterns resulting in high obesity 

levels (kruger et al., 2006). Obesity is one of the most prevalent diseases worldwide today. 

It refers to having abnormally high proportion of total body fat (WHO, 1998), resulting 

from an imbalance between energy intake and expenditure (Daniels et al., 2005). Although 

every individual needs certain amount of body fat for storing energy, heat insulation, shock 

absorption, and other functions,  excessive deposition of fat is dangerous (Afridi and 

Khan, 2004).  

There are many risk factors controlling obesity development. A risk factor is a 

variable that has been shown to prospectively predict onset of adverse outcome among 

individuals who are initially free of the condition (Stice et al., 2005). Obesity Risk factors 

may be modifiable (Diet, physical activity, smoking, alcohol consumption) or non-

modifiable (sex, family history, genotype) (Ordovas, 2006).  

Overweight and obesity in adolescence predicts a broad range of adverse health 

effects (Must et al.,1992). In many societies, Adolescence is a time of independence,  in 

which dietary and activity patterns may be adopted and  followed for many years having 

great influence on disease susceptibility later (Berkey et al., 2000). Adolescents frequently 

adopt lifestyles that negatively affect their nutritional status, particularly poor diet habits, 

sedentary leisure time spending, and lack of physical activity (PA). Dietary habits have a 

tendency to change  during this period due to increased freedom, increased access  to food 

resources different from those available at home, and increased social interactions 

(Henauw et al., 2007). The abundance of food in the supermarkets, availability of food 

served at fast food restaurants and vending machines, the large portion of food served 

outside the home, many of socio-cultural factors especially at holidays and special 

occasions, all encourage over eating and consumption of high caloric foods (Afridi and 

Khan, 2004). Most experts agree that positive health effects result from diet rich in fruit, 

vegetables, legumes , whole grains, fish, nuts, and low-fat dairy products (Secdrof et al., 

2007).  
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The major characteristics of the food consumption patterns of adolescents are: low 

consumption of fruit and vegetables, frequent snacking generally high in fat and sugar 

contents, frequent skipping of meals specially breakfast (Henauw et al., 2007). 

Adolescents on the other hand have fewer opportunities to expend energy via 

physical activity due to more mechanization, lower frequencies of walking, biking, and 

greater use of leisure time sedentary activities. For example TV watching remains the most 

common activity for children (Kaur et al., 2003). Children and adolescents today  are less 

likely to walk to school and are travelling more by cars ( Anderson and Butcher , 2006). 

As we mentioned above adolescents obesity continues for later stages in life and predicts 

adverse health effects, therefore it is important to study dietary and activity behaviors 

among adolescents to help in reducing the spread of obesity and other chronic diseases in 

the future. 

Although dietary and lifestyle factors are the main factors exposing to obesity, the 

differential susceptibility to gain weight is also affected by genetic variations (Speakman, 

2004). Adoption and family studies indicated that inheritance is able to account for 25-40% 

of inter individual differences in adiposity (Maffies, 2000). Several genes play a major role 

in obesity phenotypes. It is estimated that there are more than 600 genes, markers, and 

chromosomal regions involved in body weight regulation (Martinez-Hernandez et al., 

2007). 

Important obesity causing genes are leptin and leptin receptor genes. The adiposity 

derived hormone, Leptin, is an important regulator of food intake and energy expenditure 

(Anderson and Moore, 2004). It is a 16-KD circulating protein (Narin et al., 2005), 

consisting of four helices similar to that of cytokines ( Paracchini et al., 2005). Its name 

comes from the Greece word "leptos" meaning thin (Meier and Gressner, 2004). It is 

encoded by the obese (Ob) gene (also known as lep gene)  localized on human and mouse 

chromosomes7 and 6, respectively (Bagchi and Preuss, 9884). Leptin level increase on 

high-fat diet due to the increase in fat mass observed in high fat diet (Schrauwen and 

Westerterp, 2000). So it is considered as a satiety factor acting on leptin receptor in the 

hypothalamus to inhibit food intake. Leptin receptor which is a single trans-membrane 

protein that is a member of the class 1 cytokine receptor family and  is widely distributed in 

several tissues but predominantly expressed in the hypothalamus (Endo et al., 2000).  

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Anderson%20PM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Butcher%20KE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Narin%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Leptin receptor plays a role in leptin signal transduction and leptin effects on food 

intake (Stanley et al., 2005) and energy expenditure (Anderson and Moore, 2004). So it  

plays a critical role in the regulation of body weight, fat storage and energy homeostasis. 

Leptin receptor(LEPR) gene maps on chromosome 1p31 (Paracchini et al., 2005). It spans 

over 70 KB and includes 2 exons (Mendez-Sanchez et al., 2006).  

Several polymorphisms exist in the leptin receptor gene including these at codons 

109, 204, 223, 343, 492, 656, 976 and 1019, but the first to identify was a single nucleotide 

polymorphism (SNP) in the coding region of the leptin receptor gene, GLN223ARG. The 

GLN223ARG polymorphism, characterized by an adenine (A) to guanine (G) transition at 

position 668 (codon 223)  in exon 6 in the extracellular domain of Leptin receptor (LEPR) 

results in an amino acid substitution (aglutamine with an arginine) (CAG to CGG) (Richert 

et al., 2007, Gotoda et al., 1997, Thompson et al., 1997). This substitution of GLN to 

ARG occurs in the intracellular domain of the receptor (Paracchini et al., 2005).  

It has been suggested that the change of amino acid glutamine (GLN) by an 

arginine (ARG) causes a change of electric charge from neutral to positive within the 

protein, which can affect the functional characteristics of the receptor and is thought to be 

associated with an impaired signaling capacity of the leptin receptor and with higher mean 

circulating levels of leptin. The SNP GLN223ARG has been studied extensively in a wide 

range of populations (Chagnon et al., 2000). Several studies have associated this variant 

with obesity but results were discordant (Constantin et al., 2010, Duarteet al., 2007, 

Duarteet al., 2006,Yiannakouris et al., 2001, Matsuoka et al., 1997). The frequency of 

the polymorphism varies across different ethnic groups. In particular, the frequency of the 

233ARG allele for Asians is higher than in other ethnicities (Paracchini et al., 2005). 

Linkage between LEPR gene locus and adiposity was reported in French Caucasians 

(Yong-Jun et al., 2004). Association between Gln223Arg polymorphism of LEPR gene 

and obesity phenotypes was also observed in young Dutch adults (VanRossum et al., 

2003), postmenopausal Caucasian women (Quiriton et al., 2001), middle aged Caucasian 

males (Chagnonet al., 2000), but not in blacks ( Chagnonet al., 2000), and Japanese 

(Matsuoka et al., 1997). Obesity prevalence has increased largely in the past few decades.  

 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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High increase in obesity levels is reported in different populations including America 

(Carpenter et al., 2013), Swiss (Aeberli et al., 2007), Malaysia(Zalilah et al., 2006), 

Canada (Veugelers and Fitzgeral, 2005), kingdom of Saudi Arabia,(Al-Nozha et al., 

2005), French(Loos and Bouchard, 2003), and Tunisia (Mokhtar et al., 2001). A study 

covered 680 (12-14) years old adolescents in Gaza strip during the year (2008) revealed 

that the  overall prevalence of overweight among the female and male pupils was 17.0 and 

17.1% , whereas obesity for both sexes was 5.45 and 7.42%, respectively (Kanano et al., 

2008). 

There are no enough data about environmental, personal, or genetic risk factors of 

obesity in Gaza-Palestine. Therefore, the aim of our study was to evaluate  the role of Diet, 

lifestyle, and Leptin receptor (GLN223ARG) gene polymorphism as a risk factors for 

obesity among secondary school female adolescents aged (15-17y) in Gaza strip.  

1.2-Significance and Objectives 

1.2.1General objective: 

To assess the main dietary, lifestyle, and genetic obesity risk factors among secondary 

school adolescents females aged 15-17 years old in Gaza strip 

1.2.2Specific objectives: 

1-To determine obesity prevalence among secondary school adolescent females aged 15-17 

years old in Gaza strip. 

2. To recognize different socio-demographic data in obese and normal weight female 

adolescents.  

3. To assess feeding, feeding habits and physical activity as risk factors of Obesity of the 

study population. 

4-To compare lifestyle behaviors between obese and non obese groups. 

5-To assess the effect of the presence of  Leptine receptor (GLN223ARG) polymorphism 

on body mass index in obese and normal weight female adolescents.  

6- To compare lipid profile among obese and normal weight female adolescents. 

7-To assess the effect of genotype on lipid profile among study population. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20CL%5Bauth%5D


 
 

. 

1.2.3-Significance of the study 

There are no enough data about the prevalence of obesity  and its dietary, lifestyle, 

and genetic factors among adolescents in Gaza strip. This study sheds the light on the main 

dietary, lifestyle, and genetic obesity risk factors among secondary school adolescents 

females aged 15-17 years old in Gaza strip. 
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Chapter Two 

Literature review 

2.1-Definition of obesity 

Obesity is one of the most prevalent diseases worldwide today. It refers to having 

abnormally high proportion of total body fat (WHO,1998), resulting from an imbalance 

between energy intake and expenditure. (Daniels et al., 2005). Obesity is a multi-factorial 

disease that results from the combined effects of genes, environment, lifestyle and the 

interactions of these factors (Bouchard., 1994). 

2.2 Obesity prevalence worldwide  

Obesity prevalence is increasing worldwide. Obesity is the most common problem 

in the United States (Carpenter et al., 2013). More than 1 in 5 adults (720000) in Croatia 

are obese with no sexual differences (Heim et al., 2007). Obesity rate in Saudi Arabia was 

much high, especially among females (Al-Othaimeen et al., 2007). French data have 

shown that frequencies of overweight including obesity were 15% for 3- to 14-y-old 

children and 18.1% for 7- to 9-y-old French children ( Lioret et al., 2006),(Rolland-

Cachera et al., 2002). Thirty percent (30%)  of Canadian children are overweight or obese 

(Veugelers and Fitzgerald, 2005). In Tunisia, 9.1% of adolescent girls are at risk of 

overweight (Mokhtar et al., 2001).  

In a cross-sectional study of 1,599 children and adolescents 5 to 18 years of age, 

subjects were randomly selected from schools in four urban towns (Lagos, Port Harcourt, 

Nsukka, and Aba) in southern Nigeria. Weight and height measurements were taken, and 

body mass indexes were calculated. Overweight, obesity, and thinness were defined 

according to the International Obesity Task Force cutoff points for children and adolescents 

2 to 18 years of age. The prevalence rates of overweight, obesity, and thinness were 11.4%, 

2.8%, and 13.0%, respectively. More females (3.7%) than males (1.8%) were obese (p < 

.05). The prevalence of overweight was higher among adolescents 10 to 18 years of age 

(13%) than among children 5 to 9 years of age (9.4%) (p< .001) and was highest (23.1%) at 

age 15 years (Ene-Obong et al., 2012). 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20CL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Heim%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Veugelers%20PJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzgerald%20AL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Ene-Obong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23424890
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The correlation of the prevalence of overweight and obesity among 460 primary 

school children aged 8-11 years in Aydin, Turkey with certain socio-demographic 

characteristics and the prevalence of overweight and obesity in the children's families were 

determined (Alisir and Karaçam, 2011). Study data were collected using a questionnaire. 

The prevalence of overweight and obesity was found to be 12.8% and 13.7%, respectively 

and this condition was correlated with the number of family members and the parents' body 

mass index. 

(Abu Baker and Darabkeh., 2010), Co-determined the prevalence of overweight 

and obesity among adolescents aged 13-16 years in Irbid governorate, Jordan, and 

compared the prevalence by sex, residential area and socioeconomic status in a cluster 

random sample of 1355 school students the prevalence of overweight and obesity (body 

mass index ≥ 85th percentile) was 24.4% (15.7% over weight and 8.7 % obese).  

( El-Bayoumy et al., 2009)., found out the prevalence of obesity and overweight 

among intermediate school Kuwaiti adolescents aged 10 to 14 years. The study included 

5402 children (2657 males and 2745 females). The overall prevalence of overweight and 

obesity was 30.7% and 14.6%, respectively.  

In Gaza strip a study covered 680 (12-14) years old adolescents, revealed that the  

overall prevalence of overweight among the female and male pupils was 17.0 and 17.1%, 

whereas obesity for both sexes was 5.45 and 7.42%, respectively (Kanao et al., 2008). 

 

(Wang et al., 2002)., examined the trends of overweight in young persons aged 

6.18 years from the United States, Brazil, China, and Russia using international references 

Nationally representative data from Brazil (1975 and 1997), Russia (1992 and 1998), and 

the United States (1971, 1974, and 1988, 1994) and nationwide survey data from China 

(1991 and 1997) were used. The prevalence of overweight increased during the study 

periods in Brazil (from 4.1 to 13.9), China (from 6.4 to 7.7), and the United States (from 

15.4 to 25.6), underweight decreased in Brazil (from 14.8 to 8.6), China (from 14.5 to 

13.1), and the United States (from 5.1 to 3.3).  

 

 



 
 

0 

In Russia, overweight decreased (from 15.6 to 9.0) and underweight increased 

(from 6.9 to 8.1). The annual rates of increase in the prevalence of overweight were 0.5% 

(Brazil), 0.2% (China), 1.1% (Russia), and 0.6% (United States).  

2.3 Body mass index(BMI) and classification of body weight 

Body mass index (BMI) is a simple index of weight for height that is commonly 

used to classify underweight, overweight, and obesity. It is defined as the weight in 

Kilograms divided by square of the height in meters (kg\m²) 

BMI is a good predictor for obesity in adolescents (Fonseca-Vde et al., 1998). It can be 

classified according to the current standard definitions of overweight and obesity used by 

the Center for Disease Control (CDC) and World Health Organization (WHO) (Centers for 

Disease Control and Prevention, 2000, WHO, 1997). For children and adolescents, the 

charts of Body-Mass-Index for Age are used, where BMI less than the 85
th

 percentile (20-

24.9 kg\m² for girls at age 15-17y) is considered as normal weight, whereas BMI greater 

than the 85
th

 percentile(>24.9 kg\m² for girls at age 15-17y) is considered as "at risk of 

overweight" and a BMI greater than the 95
th

 percentile( >29 kg\m²for girls at age 15-17y) 

is considered as "obese". BMI is determined, by  measuring height and weight accurately, 

and then graphs or growth charts are used to find each adolescents BMI percentile-for-age 

by plotting the BMI value versus age on a growth chart for that adolescent's sex. To use a 

BMI chart, you must know the birth date of the adolescent, so that you can calculate the 

age of the adolescent (in months) on the date that his or her height and weight were 

measured (Centers for Disease Control and Prevention, 2000). 

2.4 Adolescence  

Adolescence, the transitional period that begins with puberty, is marked by 

physiological and psychological changes. Changes occur in body composition during this 

period demonstrate sexual differences. Patterns of fat distribution also change, mediated in 

part by hormones and also demonstrate sexual differences. Fat stores  increase in 

subcutaneous and visceral fat in the abdominal region occurs in boys. Fat deposits 

peripherally in the breast, hips, and buttocks in girls.  

 

It is noteworthy that the risk of becoming overweight during adolescence appears to 

be higher in girls than in boys. Up to 80 % of overweight adolescents will become obese 

adults (Daniels et al., 2005).  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fonseca%20Vde%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Adolescence represents a time  to prepare nutritionally for a health adult life. It may 

also be a good period to shape a healthy eating and life style behaviors, thereby preventing 

the onset of nutrition related disease in adulthood (Kaur et al., 2007). 

2.5 Obesity risk factors 

There are many risk factors controlling obesity development. A risk factor is   a 

variable that has been shown to prospectively predict onset of adverse outcome among 

individuals who are initially free of the condition (Stice et al., 2005). Obesity risk factors 

may be modifiable (Diet, physical activity, smoking.) or non-modifiable (sex, family 

history, genotype) (Ordovas,  2006). It is estimated that 40–70% of the variation in BMI is 

heritable, while cultural and societal factors may explain at least 30% of the variation 

(Marti et al., 2004).The principal risk factors for childhood and adolescence overweight 

include parental obesity, socioeconomic status (SES), physical activity, sedentary behavior, 

and diet.( Thompson et al., 1999, McMurray et al., 2000, Steinbeck, 2001, Wang et al., 

2002, Lobstein et al., 2003, Giammattei et al., 2003). 

2.5.1- Socioeconomic status: 

Studies have shown that the association between Socioeconomic status(SES) and 

obesity vary by economic development of the population, gender, and age.(Sobal J, 

Stunkard, 1989, Dryson et al., 1992, Sundquist and Johansson, 1998,). In industrialized 

countries persons of lower SES are more likely to be obese than those of higher SES, 

whereas in developing countries the vice versa (Wong and Donnan, 1992, Wang et al., 

2002). 

 (Goyal et al., 2010), investigated a total number of 5664 adolescents with age 

group between 12-18 years from different school, they were screened for their height, 

weight and body mass index. Out of 5664 children 3231 (57%) were boys and 2433 (43%) 

were girls. The prevalence of overweight among children was high in middle SES(65%) as 

compared to high SES (33.2%) group in both the gender, however prevalence of 

overweight was the lowest in the low SES group (1.8%).  

By contrast, prevalence of obesity was higher in high SES (70%) group as 

compared to middle SES (30%) group. Thus, socioeconomic status was related to 

children‘s risks of being obese or overweight and high SES groups were at a higher risk of 

obesity, and middle SES groups were at higher risk of overweight, while no prevalence of 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sobal%20J%5BAuthor%5D&cauthor=true&cauthor_uid=2648443
http://www.ncbi.nlm.nih.gov/pubmed?term=Stunkard%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=2648443
http://www.ncbi.nlm.nih.gov/pubmed?term=Sundquist%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9563694
http://www.ncbi.nlm.nih.gov/pubmed?term=Johansson%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=9563694
http://ajcn.nutrition.org/search?author1=Youfa+Wang&sortspec=date&submit=Submit
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obesity was found in children from low SES group (0.00%). Concerning the Prevalence of 

overweight and obesity and its relationships with socioeconomic status by age, and sex, the 

study found that similar significant associations between obesity and SES exist in both 

gender in each year of age. Children from middle SES groups were at higher risk of 

overweight, while those from high SES were at a higher risk of obesity at each year of age. 

The association between SES and prevalence of overweight and obesity was not 

significantly related to age. Girls from high SES group tend to have lower risk of obesity as 

compared to boys; similarly those from middle SES groups were found to have lower risk 

of overweight as compared to boys. 

(Thibault et al., 2010), conducted a study covered 2385 adolescents aged 11-18yrs, 

in France which showed that, being from a lower or medium socioeconomic background, 

significantly increased the risk of overweight and/or obesity ( p<0.01).  

 

(Maddah and Nikooyeh, 2010), also conducted a cross-sectional study covered 2,577 

urban school girls aged 12-17 years in Rasht, Iran and revealed that Overweight or obesity 

was more common among girls from low-income areas compared to high-income areas 

(21.6% vs. 17.1%, p<0.001), and in multivariate analysis, location of residence was 

independently related to overweight after controlling for other variables, including 

educational level of the mother (p= 0.02)  

A study aimed to determine the prevalence of overweight and obesity in children in 

the United Arab Emirates (UAE). Secondary analysis was undertaken of data on 4381 

children aged 5-17 years from the 1999 UAE-National Iodine Deficiency Surveillance 

Study. Data on weight and height from that study were used to calculate body mass index. 

The prevalence of overweight and obesity was estimated using International Obesity Task 

Force criteria. Results showed that Non-citizen girls were more likely to be obese (odds 

ratios [OR]=1.767, 95% confidence intervals [CI]: 1.48-2.102) than UAE girls. Boys in the 

rural areas had the lowest prevalence (23.6%) and were the least likely of all the children to 

be either overweight (OR= 0.785, 95% CI: 0.629-0.974) or obese 0.732 (95% CI: 0.591-

0.912)(Malik  and Bakir, 2007). 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Malik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17212792
http://www.ncbi.nlm.nih.gov/pubmed?term=Bakir%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17212792
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Another study by, Fezeu L, included  1530 women and 1301 men aged 25years old  

in Cameron, showed that obesity and abdominal obesity were significantly higher for those 

in the high compared with the low occupational level(<0.001). In a uni-variate analysis, the 

age adjusted prevalence of overweight and obesity (BMI ≥ 25 kg/m
2
) increased 

significantly in women only with quartiles of household amenities (P for trend <0.002), 

while it increased in men with quartiles of both household amenities (P for trend <0.001) 

and occupational level (P for trend <0.001). Even in Multivariate analyses, after adjusting 

for age classes, quartiles of leisure time physical activity, alcohol consumption, and 

smoking, the prevalence's of obesity and abdominal obesity were higher in the third (odds 

ratios, 2.0, 95% CI: 1.3–3.0 and 1.3, 1.0–1.8) and fourth (1.8, 1.2–2.8 and 1.7, 1.2–2.4) 

quartiles of household amenities compared with the first quartile in women. In men, the 

odds ratios of overweight + obesity, obesity, and abdominal obesity were higher in the third 

(1.6, 1.1–2.3; 2.1, 1.1–4.2; and 3.3, 1.8–5.8, respectively) and fourth (odds ratios, 2.3, 1.6–

3.2; 2.4, 1.5–6.0; and 4.1, 2.3–7.3, respectively) quartiles of household amenities compared 

with the first quartile. Also, in men, after adjusting for confounding variables, the odds of 

overweight + obesity (1.6, 1.2–2.3), obesity (3.8, 1.8–7.8), and abdominal obesity (2.2, 

1.3–3.6) were significantly higher for those in the high compared with the low occupational 

level.(Fezeu et al., 2005). Excess weight gain in children was also reported to be more 

prevalent among lower income families (Wang et al., 2002). 

A cross sectional study was conducted within the framework of the Comprehensive 

Study on Household Food Consumption Patterns and Nutritional Status of Iran during 

2001-2003. In adolescents, anthropometric indices were defined based on the CDC 2000 

cut-off points for age and gender-specific body mass index (BMI). Parental characteristics 

were collected by questionnaire Data on 7908 adolescents, 11-19 years old (3750 girls and 

4158 boys) in 7158 participating households was included in the analysis. The mean age of 

adolescents was 15.2±2.5 years. Large numbers of fathers were laborers (23.2%) or drivers 

and shopkeepers (23.6%) and the majority of mothers were housewives (88%). While more 

than one third (37.2%) of fathers did have a high school degree, nearly half of mothers 

(44.2%) were illiterate. Parental weight status, parental education and father‘s job showed 

significant associations with weight status in adolescents (P<0.001). The prevalence of 

overweight and obesity was significantly higher in adolescents who had parents with a 

higher BMI (P<0.001). Obesity among adolescents whose fathers were drivers or 

shopkeepers was 1.9 times more prevalent than those whose fathers were farmers (4.2% vs. 
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2.2%). Higher literacy of parents was associated with overweight and obesity in 

adolescents.(Doustmohammadian A, 2012). 

2.5.2 Parental obesity, familial conditions and  obesity  

Parental obesity, parental education and other familial situations were reported to be 

associated with adolescent obesity. A cross-sectional study covered 2.577urban school girls 

aged 12-17 years in Rasht, Iran revealed that, Maternal education was positively related to 

overweight/obesity of the girls. Results also showed that the risk of overweight/obesity was 

higher in girls whose either parent was overweight or obese. The prevalence of 

overweight/obesity was higher among girls with more-educated mothers than among girls 

with less-educated mothers (p<0.001) (Maddah and Nikooyeh, 2010). In a study included 

Preparatory School children (PSC) aged 12-14yrs in three different socioeconomically 

communities in the Gaza Strip (GS) (Jabalia refugee camp) (JRC), Gaza city (GC), and Al-

Garrara village (GV), BMI was found to be highly associated with father job in GC (p= 

0.02) (Kanano et al., 2008). 

In an Anthropometric survey including 1420 Brazilian students (aged 14–19 years), 

obese parents  and obesity during infancy presented odds ratios (OR) and 95% confidence 

intervals (CI) of 2.23 (1.15–4.35) and 3.60 (1.47–8.80), respectively. Parents nutritional 

status was directly and significantly associated with overweight in adolescents. Youngsters 

with obese parents were twice more likely (OR = 2.04)  to be overweight than those whose 

parents were non-obese. With regard to family structure, to be the first-born child presented 

a risk factor for obesity nearly double that of other children in the family (OR=1.89), while 

having no siblings and being the youngest child did not reach statistical significance ( 

Silveira et al., 2006). 

A  research concerned 236 children aged 3-15 yrs with diagnosed simple obesity 

,the main risk factors for simple obesity were familial and environmental conditions. A 

significant correlation was found between the children's obesity and mother's level of 

education and father's obesity (p<0.05) (Weker, 2006). A case–control study Covered  264 

overweight (body mass index (BMI) ≥85th percentile ) and 264 non-overweight (BMI 

.≥5th and ≤85th percentiles) adolescents( 15-20 years) showed that overweight and obesity 

were positively associated with mother‘s (odds ratio (OR) =2.86, 95%confidence interval 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weker%20H%22%5BAuthor%5D
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(Cl): 1.43–5.74) and father‘s (OR= 2.43, 95% Cl 1.37–4.30) BMI≥30 kg/m2, and being 

overweight before 10 years of age (OR= 2.26, 95% Cl: 1.30- 3.90) (Neutzling et al., 2003).  

    (Alaimo et al., 2001), investigated associations between family income, food 

insufficiency, and being overweight in US children aged 2 to 7 and 8 to 16 years. Among 

older non-Hispanic white children, children in families with low income were significantly 

more likely to be overweight than children in families with high income. There were no 

significant differences by family income for younger non-Hispanic white children, non- 

Hispanic black children, or Mexican American children. After adjusting for confounding 

variables, there were no differences in overweight by food sufficiency status, except that 

younger food-insufficient girls were less likely to be overweight, and non-Hispanic white 

older food insufficient girls were more likely to be overweight than food-sufficient girls (P 

<0.10)  

2.5.3-Geographical area 

       The association between obesity and the geographical area is reported in different 

studies. In a study involved a sample of 4851 Canadian adolescents in grades 6 to 10, 

approximately 22.2% were living in rural areas while 14.4% were living in large 

metropolitan (metro) areas, there was a trend for increasing overweight (p=0.001) and 

obesity (p=0.03) among adolescents as the level of ―rurality‖ increased (Bruner et al., 

2008).  

       Another study comprised 89532 subjects aged over 15 years, BMI and waist 

circumference (WC) values, were higher in women and in the urban population. In both 

genders, the highest and the lowest means of BMI and WC were seen in the populations of 

the Northern and the Southern parts, respectively. Body mass index(BMI≥25 kg\m2) in 

men, women, urban residents and rural residents was found in 37%, 48%, 46.7% and 

35.5%, respectively (Kelishadi et al., 2007). 

      In a study included  Preparatory School children (PSC) aged 12-14yrs in three different 

socioeconomically communities in the Gaza Strip (GS) (Jabalia refugee camp) (JRC), Gaza 

city (GC), and Al-Garrara village (GV), results showed statistical significant differences in 

percentage body fat (PBF) or energy requirements between both sexes in the three different 

communities (p<0.05). In contrast, a significant difference was not observed in BMI 

between both sexes in GC (p= 0.62). The results also showed that there were significant 

http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Bruner%2C+Mark+W.%29
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differences (p<0.05) in BMI or PBF or energy requirements among the males in GC and 

GV. In contrast, these significant differences were not observed with the other 

communities. Moreover, there were no significant differences in these variables for the 

female pupils in the three communities (Zabut et al., 2009). 

2.5.4-Dietary factors:  

      Chronic diseases caused mainly by dietary problems. The metabolic balance results by 

the presence of metabolites and its proportions. The accurate understanding of  metabolic 

balance may help to interpret the role of diet in the epidemiology of chronic diseases. 

(German et al., 2003).   

2.5.4.1-Snacking:  

        There is an obvious decline today  in the traditional three-meal\day pattern and a rise 

in more frequent eating pattern  commonly described as snacking (Barnet and Kumar, 

2004). 

           In a study conducted by (Lioret et al., 2008), Dietary intake was assessed using a 7-d 

food record in 748 French children aged 3–11 y from the 1998–1999 cross-sectional French 

national food consumption survey. Weight and height, leisure time physical activity, 

Sedentary behavior (SED) (television viewing), and socioeconomic status SES were 

reported by parents or children by answering questionnaires. Scores for lifestyle patterns 

were assessed with factor analysis and their relationship with overweight (OW) was 

explored by logistic regression analysis. Two similar lifestyle patterns were identified in 

children aged 3–6 y and 7–11 y: ―snacking and sedentary‖ and ―varied food and physically 

active.‖ The snacking and sedentary pattern was positively associated with OW in the 

youngest children (P=0.0161) and partly mediated the negative association of SES to OW. 

The varied food and physically active pattern was inversely correlated with OW in the 

eldest children only (P= 0.0401). A third pattern called ―big eaters at main meals‖ was 

derived in children aged 7–11 y and was positively correlated with OW (P= 0.0165). From 

a public health perspective, the combinations of identifiable dietary and physical activity 

behaviors may be useful as a basis for recommendations on preventing OW. 
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  Another study compared obese children's food group intakes with the new Dietary 

References Intakes for Koreans (KDRIs) food guides for 5th-6th grade school children. 

This study also determined the extent of sedentary life styles related with obesity in this 

area of children. It was a cross-sectional study of 799 school children. The dietitian sent a 

survey form describing the project and a questionnaire to the subject's family. The 

questionnaire included child demographics, family history of chronic diseases, the daily 

servings of five food groups, such as grains, meat and beans, dairy products, fruits, and 

vegetables. The daily or weekly hours of physical activity, television viewing, and 

computer usage were also surveyed. Among the 799 participants, 50.7% were female. The 

percentages of the normal and the obese were 691 (86.5%) and 108 (13.5%) respectively. 

Obese children reported eating less vegetables (p<0.05), more high sugar snacks (p<0.05), 

and high fat snacks (p<0.05) than normal children. The eating practices in vegetables and 

snacks were somewhat different between normal and obese children. A greater percentage 

of normal children (58%) met KDRIs guidelines of vegetables, 5 servings a day, than obese 

children (38.9%) (p<0.05). More obese children reported eating both high fat- and high 

sugar-snacks every day than did normal children (sweets: 30.6% vs. 10.4% (p<0.05), chips: 

30.6% vs. 12.0% (p<0.05). Among obese children, 35.1% of obese children reported eating 

sweet snacks 3 times per week, with 30.6% eating every day and 34.3% eating less than 3 

times per week. About 38% of the obese children reported eating high fat snacks 3 times 

per week, 30.6%, everyday and 35.2%, less than three times per week (Ha, 2007) 

         Another study covered a sample of 215 Greece adolescents 11-14 years old showed 

that overweight adolescents consumed more snacks ( chips, chocolate, bars, pizza, cheese 

pie, cream pie…etc) and more sugar jam, honey and fewer vegetables, legumes, fruit, than 

non overweight subjects (Hassapidou et al., 2006).  

        In a sample of 510 (15-18) years old Indian students, 34% of males and 29% of 

females ate fast foods more than 3 times a week and this dietary style is considered as risk 

factors for non-communicable diseases (Singh et al., 2006). Other studies on other hands 

showed an inverse relation. A case–control study Covered  264 overweight (body mass 

index (BMI) >85th percentile) and 264 non-overweight (BMI 5th and 85th percentiles) 

adolescents( 15-20 years) showed that Having more than three meals per day was found to 

be a protective factor against overweight and obesity (OR= 0.54,95% Cl: 0.29–

1.00)(Neutzling et al., 2003). 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hassapidou%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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            (Wate et al., 2013), analyzed baseline measurements from the Pacific Obesity 

Prevention In Communities (OPIC) Project. The study sample comprised 6,871 adolescents 

aged 13-18 years from 18 secondary schools on the main island of Viti-Levu, Fiji. 

Adolescents completed a questionnaire that included diet-related variables, height and 

weight were measured. Of the total sample, 24% of adolescents were overweight or obese, 

with a higher prevalence among Indigenous Fijians and females. Almost all adolescents 

reported frequent consumption of sugar sweetened beverages (SSB) (90%) and low intake 

of fruit and vegetables (74%). Over 25% of participants were frequent consumers of 

takeaways for dinner, and either high fat/salt snacks, or confectionery after school. Nearly 

one quarter reported irregular breakfast (24%) and lunch (24%) consumption on school 

days, while fewer adolescents (13%) ate fried foods after school. Indo-Fijians were more 

likely than Indigenous Fijians to regularly consume breakfast, but had a high unhealthy 

SSB and snack consumption. Irregularity in meals was associated with higher BMI-z (0.21, 

p<0.01) and morning snack (0.16, p<0.05). Overall, 38% of the adolescents reported eating 

snacks such as biscuits, potato chips or instant noodles after school, and significantly more 

Indigenous Fijians (41%) than Indo-Fijians (37%). Overall, a lower BMI-z was associated 

with frequent snacking after school. frequent consumption of fried foods after school was 

associated with a lower BMI-z (−0.19, p<0.001) in the overall sample. So regular breakfast 

(p<0.05), morning snack (p<0.05) and lunch (p<0.05) consumption were significantly 

associated with lower BMI-z. Consumption of high fat/salt snacks, fried foods and 

confectionery was lower among participants with higher BMI-z. 

2.5.4.2 High calorie foods and adolescents obesity: 

         Many  people today eat food outside the home (Slyper, 2004). Foods served in fast 

food  restaurants are high in fat and have high energy density. The size of food consumed is 

also increasing. Studies have demonstrated that large food portions encourage increased 

consumption in both adults and children of both genders(Barnet and Kumar, 2004). 

Children and adolescents are now consuming large amounts of snakes (chips, chocolates, 

pizza…) and junk foods (candy, cake, soda) (Nicklas et al., 2001). 

           In a cross-sectional study with 6,555 Malaysian adolescents (317 females and 301 

males) aged 11-15 years, the overweight(OW) girls had significantly higher energy intake 

than the underweight(UW) and  normal weight (NW) groups (p<0.05). Among the boys, 

the differences in mean  energy intake were not statistically significant. When body weight 

was considered, the OW subjects (girls and boys) had the lowest energy intake compared to 
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the UW and NW subjects (p<0.001). All groups, however, had more than 30% of energy 

from fat and relatively lower percentage of energy from carbohydrates (<55%) (Zalilah et 

al., 2006). 

(Gillis et al., 2003), conducted a study which covered One hundred and ninety-five 

Caucasian children and adolescents aged four to 16 years. Obese children and adolescents 

consumed significantly more servings of meat and alternatives, grain products, (Food away 

from home) FAFH, sugar-sweetened drinks and potato chips which contributed to a higher 

calorie, fat and sugar intake compared to non-obese children and adolescents(p< 0.001). 

The consumption of meat servings, sugar-sweetened drinks and FAFH (Food away from 

home) was positively correlated with percent body fat.  

A study  of 242 (10-19) years old American students revealed that there was 

significant positive relationship between obesity and consumption of junk food (candy, 

cake, soda, processed luncheon) (Hanley et al., 2000). 

(Garualet et al., 2000), investigated dietary intake of 331(14-18) years old obese and 

normal weight  adolescents from Spain and found that obese boys derived greater 

percentage of their energy from fat (p=0.049) and less from carbohydrate CHO (p=0.016) 

than normal weight. Among girls, the percentage of energy derived from fat increased with 

BMI (p=0.008). 

        Adiposity is also increased with fat intake (p<0.02) in a total sample of 5305 (11 years 

old) Italian children (Maffeis et al., 2000). This is similar to that of 114 lean and obese 

children where there was a significant trends towards increasing fat intake with increased 

risk of obesity (p<0.05) (McGolin et al., 2002).   

2.5.4.3 Breakfast intake  and obesity:  

          Breakfast skipping is also reported to cause obesity in several studies. In a cross-

sectional study covered 2.577 urban school girls aged 12-17 years in Rasht, Iran p<0.001 

prevalence of overweight was significantly higher in those who usually skipped breakfast 

than those who usually had their breakfast in the home ( Maddah and Nikooyeh, 2010 ).  

         A study aimed to investigate the predictors of overweight among Iranian 14-17 years 

adolescent girls in urban and rural areas in Guilan, Iran. Between December 2005 and 

March 2006 a cross-sectional survey on 2090 high-school girls (1054 in urban and 1036 in 
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rural areas) in Guilan, northern Iran was performed. Data on age, mother's education, age at 

menarche, physical activity, hours of TV viewing, birth weight, duration of any breast 

feeding and skipping breakfast were collected using questionnaire and body weight and 

height of the girls were measured. Logistic regression analysis showed that in urban 

residents, low age group (14 years) OR=13.9 (1.15-1.61), lower menarcheal age (OR=0.76, 

CI:0.61-0.95) and skipping breakfast (OR=1.96, CI:1.52-2.35) were independently related 

to overweight and obesity. In rural residents, low menarcheal age,(OR=0.82, CI:0.69-0.98), 

skipping breakfast (OR=2.23, CI:1.37-3.65), and high maternal education (OR=2.01, 

CI:1.62-2.85) were predictors of overweight/obesity. These data indicated that skipping 

breakfast is a potential risk factor for overweight/obesity in both urban and rural girls. 

(Maddah, 2008).  

         A cross-sectional descriptive study including 1,139 Saudi male (10 to 14 years) 

enrolled in the fifth and sixth grades in public primary schools in Al Hassa, KSA, through a 

multistage random sampling technique, submitted to interview using Youth and Adolescent 

Food Frequency Questionnaire, gathering data regarding dietary intake, some dietary 

habits, followed by anthropometric measurements with calculation of body mass index, the 

interpretation of which was based on using Cole's tables for standard definition of 

overweight and obesity. Socio-demographics data were collected through parental 

questionnaire form. Missing and or infrequent intake of breakfast at home, frequent 

consumption of fast foods, low servings of fruits, vegetables, milk and dairy product per 

day, with frequent consumption of sweets/candy and carbonated drinks were all predictors 

of obesity and overweight among the included male schoolchildren (Amin et al., 

2008).Another one have shown that skipping breakfast is related to consumption of energy-

dense, less-nutritious snacks during school hours (Maddah et al., 2009). 

In 2003, a survey of grade 5 students and their parents and school principals in Nova Scotia 

was conducted. The researchers  measured height and weight and assessed dietary habits 

(using Harvard‘s Youth/Adolescent Food Frequency Questionnaire), physical and 

sedentary activities, and parental and school-based risk factors. Among grade 5 students, 

3.7% did not eat breakfast. In a uni-variate analysis, these students were 1.5 times (or 50%) 

more likely to be overweight than students who usually ate breakfast.Missing lunch was 

also associated with an increased risk of excess body weight, but this risk was not 

statistically significant. Relative to those bringing their lunch from home, children buying 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Amin%20TT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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lunch at school were 47% more likely to be overweight (odds ratio [OR]=1.47, 95% 

confidence interval [CI]: 1.23–1.76) (Veugelers and Fitzgerald, 2005). 

(Suter et al., 2003), found that children who regularly ate beak fast had lower BMI 

than those who did not. Skipping breakfast has also been reported to be associated with 

overweight/obesity in children (Vanelli et al., 2005, Ortega RM, 1998).  

2.5.4.4-Beverage Intake and obesity 

It is evident  that soft drink consumption have paralleled the rise in obesity 

epidemic (Barnet and Kumar, 2004). Soft drinks are available at homes, restaurants, 

vending machines, and school cafeterias. Seventy three percent  (73%) of adolescent boys 

and (62%) of girls in America consume carbonated soft drinks. The American academy of 

pediatrics advocated reducing sugar sweetened beverages (SSB) consumption as a weight 

control strategy (Ebbeling et al., 2006). A study was conducted to examine sugar 

sweetened beverage(SSB) intakes in the 2007 Australian Children's Nutrition and Physical 

Activity Survey, to relate SSB intake to rates of overweight and obesity, socio-economic 

status (SES), TV viewing time, and activity levels and to compare 2007 SSB intakes with 

data from the 1995 National Nutrition Survey. A computer assisted 24 h dietary recall in 

4,400 children aged 2-16 years was performed. In the 2007 survey 47% of all children 

reported drinking SSBs with 25% consuming sugar sweetened soft drinks on the day of the 

survey. The mean consumption of soft drink was 436 g/d/consumer. Activity levels were 

unrelated to SSB consumption. Television viewing was positively related to soft drink 

consumption with a difference of 55 g/day from bottom to top tertile of time spent TV 

viewing (p = 0.015) in children aged 9-16 years. 55% of SSB consumption occurred at 

home and 10% occurred at school. Lower SES status was associated with a greater 

prevalence of SSB consumption (30% for the lowest SES quartile vs. 19% in the highest 

quartile).  

The proportion of overweight who consumed SSBs (which excludes 100% fruit) 

was not different from the non-overweight children although the proportion of SSB 

consumers in the 6% of children who were obese was significant compared with the non-

overweight children (59% vs. 47%, p < 0.05). In the 2007 survey 23% of children were 

overweight (17%) or obese (6%) while in the 1995 survey this figure was 21%. The 

proportion of children consuming SSBs in 1995 and 2007 for selected age groups were: 2-3 

years - 25.8% and 12.8% respectively and 4-7 years - 33.6% and 20.5% respectively (p < 
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0.001 for both). This study provides little support to conclude that overweight in children is 

currently being driven by excessive SSB consumption although it may be factor in some 

obese children (Clifton et al., 2011). 

(Ebbeling et al., 2006), conducted an intervention study for 25 week (wk) 

compromised of 103 adolescents aged 13–18 y who regularly consumed sugar-sweetened 

beverages (1serving/d) to evaluate the effects on body weight of decreasing sugar-

sweetened beverage consumption. Participants were randomly assigned to either the 

intervention group, who received weekly home deliveries of non caloric beverages for 

25wk, or the control group, who continued their usual beverage consumption habits 

throughout follow-up. Consumption of sugar-sweetened beverages decreased by 82% in the 

intervention group and did not change in the control group. Decreasing sugar-sweetened 

beverage consumption had a beneficial effect on body weight that was associated with 

baseline BMI (the difference in BMI between the treatment group and the control subjects 

in the uppermost tertile of baseline BMI was 0.75 _ 0.34.  

Soft drink consumption was also a predictor of obesity in 1,139 sample of 10-14 

years old Saudi males (Amin et al., 2008). A follow up study included 11 654 Children 

(6636 girls, 5067 boys-(9-14y). During a 3-y follow-up of 11 654 children, there was a 

significant association between soda consumption and weight gain in both boys and girls. 

Boys who increased their soda consumption from the previous year gained weight (0.04) 

increase in BMI/additional daily serving, (P= 0.01), and children who increased their soda 

intake by 2 servings/d from the previous year gained weight (0.14) increase in BMI in 

boys, (P = 0.0); (0.10) increase in BMI in girls, (P = 0.046) (Berkey et al., 2004).  

(Ludwig et al., 2001), studied 548 school children in 19 month prospective study 

and found that base line (SSB)  consumption was associated with increase in BMI (p=0.02)  

2.5.5-Physical activity and life style factors: 

A physical activity (PA) is a human behavior and is defined as any bodily 

movement produced by skeletal muscles that resulting in energy expenditure. (Henauw et 

al., 2007). The current recommendation for the amount of PA is 30-to-60 minutes daily 

(Daniels et al., 2005). A decrease in physical activity has been proposed to be responsible 

for the increasing prevalence of obesity. Occupational work has been automated and this is 

not compensated for by an increase in physical activity during leisure time. Therefore, 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Amin%20TT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


 
 

96 

energy expenditure will be lower and thus a positive energy balance is likely to occur, even 

when energy intake does not change. (Schrauwen and Westerterp, 2000). Actually, 

studies and surveys using indicators of physical activity such as Television (TV)  viewing, 

number of cars by household or leisure-time physical activity are consistent with the view 

that a reduction in energy expenditure may be a major determinant of the current epidemic 

of obesity. (Martínez et al.,1999, Hill and Melanson ,1999). Furthermore, cross-sectional 

data have often found associations of leisure-time physical activity and total amount of 

time spent sitting with BMI (Martínez-González et al., 1999). Other studies also showed 

that  a low participation in sport activities, a lack of interest in being involved in exercise 

and increments in the time spent sitting down at work are statistically significant predictors 

of obesity (Swinburn et al., 2004, Martínez et al., 1999).  

Children and adolescents are similar to  adults in that regular exercise provides 

benefits for overweight individuals including prevention of future risk acquisition, 

improved insulin sensitivity, blood pressure reduction, and improved socialization through 

group participation in activities (Daniels et al., 2005). However, the roles of diet and 

physical activity in body weight gain and body fat accumulation among adolescents have 

remained equivocal. While several studies have reported a positive associations between 

adiposity in children and adolescents and energy intake, consumptions of high fat foods 

and high sugar beverages and physical inactivity (Tucker and Seljaas, 1997, Robertson et 

al.,1999), others have found no relationship (Rolland-Cachera and Bellisle, 1986, 

Maffeis et al., 1997). The relationship between physical fitness and adiposity has also been 

researched in line with the idea that overweight children had reduced physical fitness due 

to increased physical inactivity (Grund et al., 2000, Cooper et al., 1990). 

A school-based cross-sectional study that was conducted in three cities in Saudi 

Arabia(Al-Khobar, Jeddah and Riyadh). The participants were 2906 secondary school 

males (1400) and females (1506) aged 14–19 years, who were randomly selected using a 

multistage stratified cluster sampling technique. Measurements included weight, height, 

body mass index (BMI), waist circumference, waist/height ratio (WHTR), screen time 

(television viewing, video games and computer use), physical activity (determined using a 

validated questionnaire), and dietary habits (intake frequency per week). Compared with 

non-obese, obese males and females were significantly less active, especially in terms of 

vigorous activity. Also, Compared with males, Saudi females, were significantly(p<0.05) 
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more sedentary, much less active, especially in terms of vigorous activity, Logistic 

regression analysis showed that overweight/obesity (based on body mass index BMI 

categories) or abdominal obesity (based on WHTR categories) were significantly and 

inversely associated with vigorous physical activity levels (OR=0.69, 95% CI 0.41–0.92 

for BMI and 0.63, 95% CI 0.45–0.89 for WHTR).( AL-Hazzaa et al., 2012). 

  In a cross-sectional study covered 2.577 urban school girls aged 12-17 years in 

Rasht, Iran, most  of these girls did no exercise during the past week of performing the 

study, and the average time spent on watching television was quite high (3.5±1.7 hours per 

day) ( Maddah and Nikooyeh, 2010).  

Other cross-sectional study with 6,555 Malaysian adolescents (317 females and 301 

males) aged 11-15 years, showed that the total energy expenditure per kilogram of body 

weight for boys and girls was lowest among the overweight (OW) subjects (p<0.001). 

Overweight (OW) girls and boys had significantly lower energy balance (negative energy 

balance) than normal weight (NW)  and underweight(UW) subjects (p<0.001)( Zalilah et 

al., 2006). 

(Kelishadi et al., 2007), investigated 89,532 subjects aged over 15 years. Overall, 

50.4% (n545,113) of the participants were male and 64.6% (n557,866) were from the urban 

areas, various kinds of physical activities showed a steady decline with increasing BMI in 

all the parts of Iran  

(Ekelund et al., 2005), conducted a cross-sectional study of 445, (17-years) old 

Swedish adolescents and revealed that  males were more active than females (p<0.01), and  

PA was negatively associated with fat mass (p=0.05), and percentage fat mass (p=0.017) 

but only in males. Similar association between obesity and PA were observed also in a 

study covered 331 (14-18) years old Spanish adolescents (p=0.0033) (Garaulet et al., 

2000). Failing to meet the 30\60 min per day of PA was associated overweight in both 

genders in a study of 11-15 years old adolescents, which concluded that PA is a risk factor 

for obesity (Patrik et al., 2004). Twenty nine percent (29%) of males and  thirty seven 

(37%) of females of  Turkish adolescents were physically inactive (p<0.05), in a study 

performed in Turkey ( Gillis and Bar-or , 2003). Negative link was also observed between 

PA & BMI(p<0.05) in a study of 12-19 years old adolescents from Ecuador (Castro- 

Burbano et al., 2003).  

http://www.jacn.org/search?author1=Linda+J+Gillis&sortspec=date&submit=Submit
http://www.jacn.org/search?author1=Oded+Bar-Or&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Castro%20Burbano%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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2.5.5.1-Watching television and obesity: 

A strong link exists between inactivity and weight gain. This relation is 

bidirectional, with obesity discourage physical activity (PA), and inactivity promoting 

weight gain (Daniels et al., 2005). Sedentary ,i.e., low PA is accompanied by a low fat 

oxidation rate in muscles and low oxidation rate is a risk factor for fat gain (Maffies C, 

2000).  

Television viewing (TV) is the most important sedentary activity among children 

and adolescents.TV advertising tends to push foods that are energy dense and nutrient poor. 

Children request foods that are more frequently advertised on TV. (Berkey et al., 2000). 

Television viewing so exposes children to food marketing, increases opportunities for 

snacking on high-energy foods and drinks, decreases opportunities for physical activity, 

and reinforces sedentary behavior (Batch and Baur, 2005). A study aimed to examine the 

combined influence of physical activity (PA) and television viewing (TV) on the risk of 

overweight in US youth ages 14-18 years. Cross-sectional data from a nationally 

representative sample of approximately 13,600 US high school students participating in the 

2001 Centers for Disease Control and Prevention Youth Risk Behavior Survey (YRBS) 

were examined.  

Participants were cross-tabulated into nine PA-TV groups according to the level of 

moderate PA (MPA) or vigorous PA (VPA) (low: < or = 2 days per week; moderate: 3-5 

days per week; high: 6-7 days per week) and TV (low: < or = 1 h per day; moderate: 2-3 h 

per day; high: > or = 4 h per day). The referent group was the low TV/high PA group. Boys 

and girls watching low levels of TV did not have increased odds of overweight regardless 

of PA level with the exception of girls with low TV/low VPA (odds ratio (OR=1.48). Girls 

who watched moderate and high levels of TV had increased odds of overweight at any 

level of MPA or VPA (OR=1.24-3.11). Girls with high TV/low VPA had the highest odds 

of overweight (OR=3.11). In general, most of the associations were stronger in girls 

compared to boys. The results highlight the importance of considering both PA and TV as 

risk factors for overweight in adolescents (Eisenmann et al., 2008).  

(Lowry  et al., 2013), analyzed data from the 2010 National Youth Physical 

Activity and Nutrition Study, his study covered  a representative sample of US students in 

grades 9-12, the prevalence of watching television TV (≥3 hrs/day) was significantly 

higher (% (95% CI): 29.6 (26.1-33.4) in overweight and 35.1 (31.4-38.9)in obese than 26.0 

http://www.ncbi.nlm.nih.gov/pubmed?term=Eisenmann%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18209737
http://www.ncbi.nlm.nih.gov/pubmed?term=Lowry%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23606950
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(23.2-29.0) in normal\underweight students(P= 0.0001). Other  study by Berkey CS, 

covered a sample of 142 (6-14) years old Swiss children showed that time spent watching 

TV, playing computer games, and in-organized sport activities were positively associated 

with BMI (Berkey et al., 2000). In Iran , A study included 2000 (11-15) years old 

adolescents found that regular sport activities were lower, and time spent watching TV was 

higher in obese than normal weight subjects(p<0.05)(Gundersen et al., 2011).  

(Hernandez et al., 1999), found that  among 712 (9-16) years' old adolescents in 

Mexico City,the prevalence of obesity was related to inactivity and TV viewing.  

In kingdom of Tonga, a study of 443 (11-16) years' old adolescents found that 

regular PA outside the school hours was reported only by 20% of responders, 58% watched 

more than 1 hour/day TV. The study  concluded that physical inactivity and poor dietary 

habits are obesity risk factors, and chronic disease risk factors are well established during 

adolescents (Smith et al., 2007). 

In another study, Sixth- and seventh-grade students (n = 385, 186 boys and 199 

girls) from 3 schools participated in a school-based screening study, and 319 completed a 

short questionnaire. Significant associations were found between BMI and hours of 

television watched per evening and daily soft drink consumption. The mean (SE) BMI z 

score for those watching less than 2 hours per night (0.34 [0.09]) was lower than for those 

watching 2 or more hours per night (0.82 [0.08]; P<.001)(Giammattei et al., 2003). 

2.5.6-Psychological factors:  

In Anthropometric survey including 1420 students (aged 14–19 years), Past weight-

loss treatments presented significant statistical differences in cases and controls. 

Adolescents who said they had dieted with the objective of losing weight had more than six 

times (OR >6.17) times the chance of being overweight than others who had never been on 

a diet. Adolescents using drugs for weight loss were more than eight times (OR > 8.65) 

more likely to be overweight in adolescence (Silveira et al., 2006). 

2.5.7-Genetics of obesity: 

        Obesity is one of the most prevalent diseases worldwide (WHO, 1998). Twin, 

adoption and family studies have shown that genetic factors play a significant role in the 

pathogenesis of obesity. Heritability is simply the fraction of the population variation in a 

trait (e.g. BMI) that can be explained by genetic transmission. The reported heritability 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smith%20BJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=Giammattei%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12963593
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estimates range from as low as 5% to as high as 90%.(Loose and Bouchard, 2003). 

Familial aggregation, the commonly observed coexistence of several obese members within 

a family also suggests the involvement of genetic factors in obesity (Bray and Bouchard, 

2004). The discovery of populations such as Pima Indians with shared alterations in basal 

metabolic rates or in fat oxidation after food intake corroborates such hypothesis (Ravussin 

and Bogardus, 2000). As well as the fact that genetic factors can modulate the effects of 

physical activity and diet on weight and body composition (Heitmann et al., 1995, 

Heitmann et al., 1997). Rare mutations in humans and model organisms have provided 

insights into the pathways involved in body weight regulation. Studies of candidate genes 

indicate that some of the genes involved in pathways regulating energy expenditure and 

food intake may play a role in the predisposition to obesity (Loose and Bouchard, 2003).  

Amongst these genes, sequence variations in several candidate genes have been 

associated with obesity. Among them: Adrenergic receptor beta2 (ADRB2), 

Adrenergicreceptor,beta3(ADRB3),Uncouplingprotein1(UCP1),Uncouplingprotein2 

(UCP2),Uncouplingprotein3(UCP3),Ghreline(GRL),Leptin(LEP),leptinreceptor(LEPR),Ad

ipoquetene(ADIPOQ),5-hydroxytryptamine receptor 2C (HTR2C), Peroxisome proliferator 

activator receptor Gamma(PPARG), and Guanin nucleotide binding protein3(GNB3) (Berg 

et al., 2007). 

Several studies reported such associations. Body mass index(BMI), overweight, and 

obesity were associated with DNA sequence variation in Adrenergic receptor beta 

2(ADRB2) (Lange et al., 2005), Peroxisome proliferator activator receptor 

Gamma(PPARG) (Loos et al., 2005), Melanin concentrating hormone 

receptor1(MCHR1)(Bell et al., 2005), NeuropeptideY(NPY) (Ding et al., 2005), 

Peroxisome proliferator activator receptor Gamma (PPARG) (Danawati et al., 2005), 

peptide(PYY) (Ma etal ., 2005), and Uncoupling protein1(UCP1) (Ramis et al, 2004). 

Associations with Body Composition and Fat Distribution Phenotypes, Uncoupling 

protein1(UCP1) (Kim et al., 2005), leptin receptor (LEPR) (Guizar-Mendoza et al., 2005), 

Peroxisome proliferator activator receptor Gamma(PPARG). 

http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib744
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib971
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib876
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib1012
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib1084
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib1079
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib937


 
 

94 

 

 

 

 

 

 

 

 

 

 

Figure2.1: genes associated with obesity phenotypes (Marti et al., 2004). 

 

(Kim et al., 2004), and Adrenergic receptor btea2 (ADRB2) (Lange et al., 2005). 

With regard to associations with Changes in Body Composition, the Adrenergic receptor 

btea1(ADRB1) (Linne et al., 2005), and Peroxisome proliferator activator receptor 

Gamma(PPARG) (Fornage et al., 2005) loci showed associations with spontaneous 

changes in adiposity over time. Markers in the Peroxisome proliferator activator receptor 

Gamma(PPARG) (Ostergard et al., 2005) gene were reported to be associated with 

exercise training-induced weight loss, whereas sequence variation in the Peroxisome 

proliferator activator receptor Gamma (PPARG) (Potoczna et al., 2004) loci modified 

weight loss in response to a low-fat diet and bariatric surgery, respectively. These genes are 

shown in figure 2.1. 

Obesity as a complex syndrome with a multi-factorial origin, may be explained in 

some circumstances by monogenic mutations, but in most cases appears as a polygenic 

condition(Marti et al., 2004). 

2.5.7.1-Monogenic forms of obesity 
 Monogene, is a gene with a strong effect on the phenotype (Mendelian traits or 

Mendelian (single gene) conditions), giving rise to a one-to-one relationship between 

genotype and phenotype. A ‗major gene‘ is defined as a gene harboring, a variant which is 

associated with a high lifetime risk for a disease. Modifier genes and environmental factors 

additionally play a role in the etiology of the respective diseases (Hinney et al., 2010). 

Nearly 200 cases of human obesity have been associated with a single gene mutation. 

http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib1021
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib744
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib736
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib1016
http://www.nature.com/oby/journal/v14/n4/full/oby200671a.html#bib972
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hinney%20A%5Bauth%5D
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These cases, which obey Mendelian genetics, are characterized by extremely severe 

phenotypes that present themselves in childhood and are often associated with additional 

behavioral, developmental, and endocrine disorders. Prader–Willi syndrome (PWS), 

Albright hereditary osteodystrophy (AHO), Bardet–Biedl syndrome (BBS) are all examples 

of monogenic forms of obesity (Loos and Bouchard, 2003). 

2.5.7.2-Polygenic/common forms of obesity: 

Individuals affected with Mendelian obesity syndromes represent only a small 

fraction of the obese population (Loos and Bouchard, 2003). Some traits can be due to the 

simultaneous presence of DNA variation in multiple genes. Any of a group of alleles at 

distinct gene loci that collectively control the inheritance of a quantitative phenotype or 

modify the expression of a qualitative character are termed ‗polygenic‘ variants.  

It is assumed that for quantitative traits, each allele has a small effect and the allelic 

effects can be additive or non-additive (synergistic). It is estimated that the total number of 

genes with a small effect most likely exceeds 100. If an individual has many polygenic 

variants that increase body weight, obesity can occur. Any single variant will have a higher 

frequency in obese than in normal weight and lean individuals. A polygenic basis of 

obesity therefore states that the specific set of polygenic variants suitable for obesity in one 

individual is not the same in another obese subject (Hinney et al., 2010). The main 

examples of genes associated with polygenetic forms of obesity are those of mitochondrial 

uncoupling proteins (UCPs), The adrenergic system, peroxisome proliferator- activated 

receptor gamma (PPARc), and those of  leptin and its receptor (Loos and Bouchard, 

2003). 

2.5.7.3-Leptin 

Leptin  is a 167-amino acid protein produced by the leptin gene (LEP), whose name 

is derived from the Greek word ‗‗leptos,‘‘ which means ‗‗thin (Paracchini et al., 2005). It 

is an endocrine hormone primarily secreted by adipocytes. (Loos and Bouchard, 2003). 

Leptin, is an important signal  in the regulation of adipose-tissue mass and body weight, 

works  by inhibiting food intake and stimulating energy expenditure(Paracchini et al., 

2005). Leptin participates in many biological pathways. One of its key roles is that of 

communicating to the brain information on long term energy stores. Leptin circulates at 

levels proportional to body fat content and enters the central nervous system (CNS) in 

proportion to its plasma concentration. The primary site of leptin action is in the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hinney%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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hypothalamus, where its absence triggers a series of neuroendocrine responses that 

conserve energy when food availability is limited.(Loos and Bouchard, 2003). Leptin is 

also known to play a role in different parts of the body, such as the male and female 

reproductive organs, the mammary gland, bone mineral density, the immune system, the 

gut, the kidney, and the lung. Some polymorphic genes involved in the regulation of 

leptin—the leptin gene (LEP A19G), the leptin receptor gene (LEPR: Gln223Arg, 

Lys109Arg, and Lys656Asp)(Paracchini et al., 2005). Genes in the signaling pathways 

engaged by leptin and other peripheral (insulin, ghrelin, peptide YY) and central 

(melanocortin 4 receptor, neuropeptide Y, proopiomelanocortin, carboxypeptidase E) 

molecules have been examined by linkage and association studies for contributions to 

human adiposity.  

For example, the neuropeptide Y (Leu7Pro) polymorphism has been associated with 

higher BMI in premenopausal women (Mattevi et al., 2002) and young Dutch males (Van 

Rossum et al., 2006). The ghrelin Leu72Met variant is associated with the age of onset of 

obesity (Miraglia del Giudice et al., 2004). Positive associations with BMI have also been 

found with common variants of proopiomelanocortin and the melanocortin 4 receptor 

(Young et al., 2007, Chen et al., 2005, Baker et al., 2005). For LEP, associations of the 

Glu25Gln(CAA to CAG) polymorphisms with increased body weight has been reported 

(Hager et al., 1998, Ohshiro et al., 2000). 

2.5.7.4-leptin receptor (LEPR) 

  Leptin receptor,  the product of LEPR gene , is a single trans-membrane protein that 

is a member of the class-1 cytokine receptor family . It has a wide spread tissue distribution 

in several alternatively spliced iso-forms, one of which is the ob-R isoform expressed 

abundantly in the hypothalamus(Endo et al., 2000). Alternative mRNA splicing and 

posttranslational processing result in multiple isoforms of the receptor. The long form is 

important for transmitting leptin signals to the cells and located predominantly in 

hypothalamus (Paracchini et al., 2005). This isoform  possesses long intracellular domain 

that binds to JAK kinase and to STAT transcription factor resulting in signal transduction 

and leptin effects on food intake (Stanley et al., 2005). The short isoform is expressed 

throughout the body especially in kidneys, lug, and choroid plexus (Paracchini et al., 

2005). The secreted (soluble) isoform is thought to bind to circulating leptin , thus 

modulating its biological availability and hence activity (Stanley et al., 2005). The 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib8
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib9
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib10
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib11
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib12
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib13
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib14
http://www.nature.com/oby/journal/v17/n1/full/oby2008489a.html#bib15
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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extracellular and trans-membrane domains are identical between the different isforms and 

differences are due to chains length of the cytoplasmic domains. The long form has a 302 

cytoplasmic residues compared to the short form (32-40) amino acid length (Paracchini et 

al., 2005). Leptin receptors are primarily expressed in the brain and hypothalamus, but they 

are also widely distributed in peripheral tissues including the adipose tissue, liver, kidneys, 

pancreas, and gonads. LEPR is located at chromosome 1p31 (Komşu-Örnek et al., 2012). 

Defective leptin receptor signaling alters body weight and endocrine function (Stanley et 

al., 2005).  

Single nucleotide mutations of the leptin gene (resulting in a truncated protein) 

(Zhang et al., 1994) or the leptin receptor (LEPR) gene (resulting in a premature 

termination of the intracellular domain) (Chen et al., 1996) are responsible for the morbid 

obesity seen in mouse models of obesity (ob/ob and db/db mice, respectively) (Zhang et 

al., 1994),(Chen et al., 1996) as well as a few rare cases of obesity in humans (Clement K 

et al., 1998, Montague et al., 1997, Stobel et al., 1998). In Human LEPR gene, Several 

variants commonly occur, which cause two non conservative changes: Gln to Arg at codon 

223 (CAG to CGG) in exon 6(Q223R),and Lys to Asp at codon 656 (AAG to AAC) in 

exon 14 (K656N); a conservative change: Lys to Arg at codon 109 (AAG to AGG) in exon 

4 (K109R); a silent TC change at codon 343; and a silent GA transition at codon 109 

(Paracchini et al., 2005). The Gln to Arg(GLN223ARG) (also known as Q223R) 

substitution in exon 6 is located in the extracellular region of the LEPR within the first 

cytokine domain (C domain), which represents a leptin-binding site. It has been previously 

suggested that this single amino acid change, a glutamine (GLN) for an arginine (ARG) 

with a change in charge from neutral to positive, could affect the functionality of the 

receptor and alter its signaling capacity (Chagnon et al., 1999,  Chagnon et al., 2000, 

Chung et al., 1997). 

Figure 2.2,shows the genomic structure of the LEPR gene. The gene is composed 

of 20 exons and spans >70 kb of DNA. The exons are represented as vertical bars at double 

scale and are numbered above each exon. Estimated intron sizes are shown below except 

for intron 2 whose size is unknown. Polymorphisms in the coding region are shown below 

the map and are identified by their amino acid number. Polymorphisms in non-coding 

regions are shown above the map and identified by the number of nucleotides before or 

after their respective exons. (Thompson et al., 1997). 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paracchini%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Figure2.2: The genomic structure of the LEPR gene. 

A study aimed to evaluate a genetically homogeneous population for associations 

between body composition variables and three common leptin receptor gene 

polymorphisms (Glutamine 223 Arginine, Lysine 109 Arginine, and Lysine 

656Asparagine) ,as well as to assess the contributions of these polymorphisms to the 

variability of obesity, one hundred and eighteen consecutively enrolled subjects (62 

women: mean age, 17.5 ± 1.6 yr; body mass index range, 16.2–30.1; 56 men: mean age, 

17.8 ± 1.8 yr; body mass index range, 15.4–35.9) were genotyped for the three 

polymorphisms, and their body mass index, sum of 4 skin folds, fat-free mass, percent fat 

mass, serum leptin levels, caloric intake, fat intake, and exercise patterns were determined. 

For the Gln 223 Arg (Q223R) polymorphism, there was a higher prevalence of the R223 

allele in the homozygous form among overweight-obese subjects vs. normal weight 

subjects (20.7% vs. 4.5%P = 0.01). Furthermore, simple and multiple regression analyses 

revealed that the R223 allele in the homozygous form is a significant predictor of both 

body mass index (P = 0.015) and percent fat mass (P = 0.02) even after adjusting for age 

and gender and explains 4.5% of the variance in percent fat mass and 5% of the variance in 

body mass index. There was no significant difference in allele frequencies or genotype 

distributions for the Lys 109 Arg, and Lys 656Asp polymorphisms. These findings support 

the hypothesis that the Gln223 Arg(Q223R) polymorphism (but not the Arginine, Lys 109 

Arg, and Lys 656Asp polymorphism) of the leptin receptor gene is associated with obesity 

and predicts a small percentage of body weight and body composition variability in a 

genetically homogeneous population.( Yiannakouris et al., 2001). 

In Tunis, a study is performed to investigate the impact of the LEPR GLN223ARG 

polymorphism on body mass index (BMI), plasma leptin and lipid parameters in a sample 

of the Tunisian population. it included 391 obese patients and 302 normal weight subjects. 

LEPR GLN223ARG genotypes were identified by the PCR-RFLP analysis. Obese patients 

homozygous for RR genotype showed lower leptin levels than those with other genotypes 

(p = 0.005) adjusted for age, BMI and gender. Stratified analysis by gender revealed that 
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obese male patients carrying the R allele showed significantly lower BMI (p = 0.007) and 

leptin levels (p = 0.037) than subjects homozygous for the Q allele.  

In obese women, the LEPR GLN223ARG polymorphism was found associated with 

lower leptin concentrations (p = 0.05). After adjustment for age and BMI, the association 

between the LEPR variant and plasma leptin remained significant only within female 

patients (p = 0.027). A general linear model including leptin as dependant variable and age, 

BMI, menopausal status and genotype as covariates revealed that the LEPR GLN223ARG 

polymorphism is independently associated with leptin levels in obese women (p = 

0.026).this  findings suggest that the LEPR GLN223ARG polymorphism influences plasma 

leptin levels and BMI in obese patients (Ben Ali et al., 2009). A population-based case-

control study was conducted in Spain  to estimate the risk of obesity arising from the -

2548G &gt; A and GLN223ARG polymorphisms in the LEP and LEPR genes, 

respectively. 303 obese cases (101 men and 202 women) and 606 controls (202 men and 

404 women) were selected from a Spanish Mediterranean population. Genetic, clinical and 

life-style characteristics were analyzed. No association was found between the -2548G 

&gt; A polymorphism and obesity. However, the GLN223ARG variant was significantly 

associated with obesity in a recessive model, the RR genotype being more prevalent in 

controls than in obese subjects. The inverse association between the GLN223ARG 

polymorphism and obesity (OR = 0.62; 95% CI: 0.39-0.99) remained significant even after 

additional adjustment for education, tobacco smoking, alcohol, physical activity, origin of 

the obese patient, and the -2548G & gt; A polymorphism in the LEP gene (OR = 0.54; 95% 

CI: 0.32-0.89)(Portolés et al., 2006). 

(Guizar-Mendoza et al., 2005), evaluated the potential role of genetic variation at 

the LEPR gene in heart sympathetic activity and other traits related to obesity in Mexican 

adolescents. Adolescents aged between 12 and 17 years, with steady body weight for the 

last 3 months were included. The author evaluated anthropometric measurements, blood 

pressure, seric glucose, insulin, leptin levels, heart sympathetic activity (by 

electrocardiograph monitoring at rest), and the Gln223Arg and Pro1019Pro LEPR 

polymorphisms in each subject. In total, 103 adolescents (55 obese and 48 nonobese) were 

included. The group of obese adolescents showed higher sympathetic activity, blood 

pressure, glucose, insulin, and leptin levels.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ben%20Ali%20S%22%5BAuthor%5D
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The genotype frequencies for the two polymorphisms were found to be in Hardy–

Weinberg equilibrium (P=0.90 to Gln223Arg, and P=0.21 to Pro1019Pro polymorphism, 

respectively). There was no difference in the genotype frequencies for Gln223Arg or 

Pro1019Pro polymorphisms between obese and non obese adolescents. However, there was 

a higher prevalence of Gln223 allele among subjects with higher insulin levels (0.72 vs. 

0.57; P=0.04 for adolescents with insulin levels higher and lower than 100 p mol/l, 

respectively). According to Gln223Arg polymorphism, those with Gln allele (Gln/Gln and 

Gln/Arg) had higher heart sympathetic activity, body fat percentage, and leptin levels. The 

results support the hypothesis that Gln223Arg polymorphism of LEPR in Mexican 

adolescents is associated with hemodynamic and metabolic disturbances related to obesity. 

When they analyzed the subjects according to Gln223Arg polymorphism, those individuals 

with the Gln allele (Gln/Gln, and Gln/Arg) had higher %BF, leptin levels. 

A study was conducted to examine the relationship of three common 

polymorphisms in the leptin receptor (LEPR) gene, implicated in the regulation of body 

weight, with leptin levels and obesity-related phenotypes in a population-based sample of 

healthy pubertal children in Spain The study included 806 boys and girls aged 12-16 whose 

anthropometrical data and body composition were recorded. Serum leptin levels were 

determined by ELISA. The LEPR Gln 223 Arg, Lys 109 Arg, and Lys 656Asp 

polymorphisms were determined by TaqMan® allelic discrimination assays. When 

analyzing the GLN223ARG polymorphism, the author observed that female carriers of the 

RR genotype had significantly higher plasma leptin levels (18.2 vs. 15.1 ng/mL p = 0.016) 

and significantly higher mean BMI values (22.5 vs. 21.3 Kg/m² p = 0.032) than QR 

carriers. Furthermore, the frequency of the RR genotype in overweight-obese girls was 

significantly higher than that found in normal-weight girls. No significant differences were 

observed in boys. Neither boys nor girls showed significant differences when comparing 

leptin levels, anthropometric variables or body composition by Lys 109 Arg, and Lys 

656Asp genotype. The fact, that the GLN223ARG polymorphism in the LEPR gene is 

significantly associated with leptin levels and BMI only in girls, suggests a sex-specific 

influence of this polymorphism on these variables. (Riestra et al., 2010). 

A Turkish study failed to find an association between the polymorphism and 

obesity in children The aim of the study was to investigate the relationship between leptin 

receptor gene (LEPR) Gln223Arg polymorphism and obesity in Turkish children. Ninety-

http://www.ncbi.nlm.nih.gov/pubmed?term=Riestra%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20491703
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two obese and 99 lean children (between 5-15 years) were included in the study. Twenty-

three of the obese children were diagnosed with metabolic syndrome. Blood samples were 

collected for morning fasting blood glucose, insulin, leptin, and lipid level measurements. 

LEPR Gln223Arg polymorphism was analyzed by restriction fragment length 

polymorphism. Significant differences were observed in anthropometric measurements, 

fasting blood glucose, insulin, leptin, and lipid levels between obese and lean children. 

Serum leptin levels were markedly higher in obese children. No significant association was 

noted between Gln223Arg polymorphism and serum leptin, insulin and lipid levels. There 

were no differences in the genotype frequencies or allele distribution for Gln223Arg 

polymorphism among obese, obese with metabolic syndrome and lean children. The  

findings suggest that there is no association between Gln223Arg polymorphism and obesity 

in Turkish children (Komşu-Örnek et al., 2012). 

In other study, the association between the LEPR gene polymorphism and obesity 

in Jeddah population (Saudi Arabia) was evaluated by determine the distribution of alleles 

frequency of the leptin receptor GLN223ARG polymorphism in 180 volunteers (94 males 

& 86 females). Each gender was divided into 2 groups: Children and Teenager (6-17years 

old), and Adults (18-27 years old). As well as each group were divided into 2 sub-groups 

according to BMI obese and non obese (control). When comparison the obese and non 

obese groups, results demonstrated that no significant difference between genotype 

distribution and body mass index (BMI), weight, hip, waist and waist-hip ratio (WHR). In 

contrast, there was a significant increase in GG genotype (OR= 19.11, 95%CI: 0.95-

384.95, P= 0.01) compared to AA genotype, and GG genotype (OR= 25.24, 95%CI: 1.25-

509.46, P= 0.006) compared to AG genotype in males children and teenagers, which 

suggests that genetic polymorphisms (GLN223ARG) of leptin receptor gene may play a 

role in prevalence of obesity in children and teenagers males group.(Linjawi and Hussein, 

2012). Among 222 Caucasian boys there was a significant association between Gln223Arg 

mutation and PA levels (p=0.016) (Richert et al., 2007).  

In Caucasian women, (Quinton et al., 2001), found that carriage of the A allele 

(AA and AG) was associated with a higher mean BMI than not carrying the A allele 

(P=0.009). 

 In Saudi obese women, a study  demonstrated  that, GG and AG genotype had 

higher BMI and leptin levels were increased significantly (Daghestani et al., 2009). 
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2.5.7.5-PCR-restriction fragment length polymorphism (RFLP)-Genetic 

variation:  

There are different types of genetic variations. The so-called small-scale genetic 

variation includes single nucleotide polymorphisms (SNPs), multi-nucleotide 

polymorphisms (MNPs )and microindels (Rasmussen HB, 2012). 

2.5.7.6-Single nucleotide polymorphism (SNP): 

The major tools from the Human Genome Project for identifying disease 

susceptibility loci are the single nucleotide polymorphisms (SNPs). These single base-pair 

changes are common across the genome, and over 1.4 million such polymorphisms have 

been detected. SNPs occur ubiquitously across the genome, in coding, non-coding and un 

translated regions (Lewis, 2002). 

The term polymorphism refers to differences in a specific sequence of DNA among 

individuals occurring in more than 1% of the population. genetic association studies search 

for statistical relationships among a gene polymorphism with a given phenotype, generally 

among nonrelated individuals.(Marti et al., 2004).Such variants are strong candidates for 

disease susceptibility mutations, and gene localization studies screen large numbers of 

SNPs to test the co-occurrence of SNP alleles and disease.(Lewis, 2002). This research 

strategy can consider the comparison between cases and controls, analysis of the variability 

for specific loci or the discrimination between mutation carriers and non carriers regarding 

a given character.(Marti et al., 2004)  

2.5.7.7-PCR-restriction fragment length polymorphism (RFLP)-based analysis 

RFLP analysis is also known as cleaved amplified polymorphic sequence (CAPS), 

is a popular technique for genetic analysis. It has been applied for the detection of intra 

species as well as inter species variations. Until recently, it was the preferred technique for 

identification and differentiation of myco-bacterial species (Sankar et al., 2011).  

Moreover it has been used for differentiation of game bird species by amplification 

of a conserved region of the  mitochondrial D-loop (Rojas et al., 2009). Using primers 

targeting a conserved region in the 12S rRNA gene, followed by restriction enzyme 

treatment and electrophoretic separation, closely related poultry species could be 

differentiated (Saini et al., 2007). There exist several techniques that are related with PCR-

RFLP and also involve gel electrophoresis including techniques for DNA fingerprinting 
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and expression profiling. The technique exploits that SNPs, MNPs and microindels often 

are associated with the creation or abolishment of a restriction enzyme recognition site. 

PCR-RFLP consists of several separate steps including design of primers, identification of 

an appropriate restriction enzyme, amplification, restriction enzyme treatment of amplified 

products and electrophoresis to resolve the restriction fragments (Rasmussen, 2012). 

2.5.7.8-Important advantages: 

This is a simple, economical method without the need for special equipment (Xiao 

et al., 2006). In addition, the design of PCR-RFLP analyses generally is easy and can be 

accomplished using public available programs, applicable to analysis of single nucleotide 

polymorphisms as well as microindels, no requirement for extensive training of laboratory 

staff and Mini aturisable (Rasmussen, 2012). 

The PCR-RFLP method allows very rapid, simple, and inexpensive detection of 

point mutations within the sequences of PCR products (Ota et al., 2009 ). 

2.5.7.9-Disadvantages 

Original RFLP-PCR method has several limitations, including the fact that the 

flanking regions of most SNP loci do not have appropriate restriction endo- nuclease 

recognizing site (RER) sites for typing. Some researchers have improved the method by 

changing one or two bases of the sequence adjacent to the SNP with mismatching primers 

to create a RER site for typing (Hiesh et al., 2001), but the substitution of one or two bases 

is not competent enough to introduce a RER sequence, usually 4-6 bp long, to most of the 

anticipated regions. Therefore, the improved method is still not applicable for most SNP 

typing and sometimes the created RER sites can only be recognized by rare restriction endo 

nucleases that are expensive or with low digestion efficiency (Xiao et al., 2006).  

Disadvantages so  include the requirement for specific endo-nucleases and 

difficulties in identifying the exact variation in the event that several SNPs affect the same 

restriction enzyme recognition site. Moreover, since PCR-RFLP consists of several steps 

including an electrophoretic separation step, it is relatively time-consuming. The technique 

also  is not suitable for the simultaneous analysis of a large number of different SNPs due 

to the requirement for a specific primer pair and restriction enzyme for each SNP. This 

limits its usability for high throughput analysis (Rasmussen, 2012). We applied this 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ota%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19768608


 
 

34 

technique to detect the leptin receptor GLN223ARG polymorphism as previously reported 

(Linjawi and Hussain, 2012, Suet-Fan etal., 2009). 

2.6-Complications of obesity:  

Overweight  is associated with a number of co-morbidities  even in children and 

adolescents including metabolic syndrome, Type 2 diabetes , Cardiovascular abnormalities 

, psychological abnormalities (Daniels et al., 2005). In a study included 6-14 years old 

Swiss children , overweight group compared to normal weight one had higher plasma 

triglyceride concentrations, low HDL , and smaller LDL particle size(p<0.05) (Aeberli et 

al., 2007). Another one of 2 to 18 years old children and adolescents  showed that sever 

obese boys had low HDL-c compared to moderately obese (40.3% vs. 29.3%). The 

prevalence of elevated blood pressure was much greater in severely obese boys and girls 

(46% males, 39% females ) than moderately obese boys and girls (28% males , 23% 

females) (Boyd et al., 2005). In a fourth study sample of 267 postmenopausal women, BMI 

was associated with concentrations of estrogen (p<0.001), estradiol (p<0.062), free 

testosterone (p=0.02). This may explain the association between obesity and breast cancer 

risk in women(McTiernan et al., 2006). 
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Chapter Three 

Methodology 

3.1-Study design and study population: the present study is a cross sectional study 

including 409 secondary school adolescent females age (16-17) years (grades 10 and 11) 

selected randomly from 6 schools distributed all over the 6 governorates in Gaza strip-

Palestine. 

3.2- Ethical consideration: an approval to carry out the study was obtained from 

Helsinki committee-Gaza (appendix2). Official request letters were sent to the ministry of 

education and higher education and to the 6 education directorates in 6 governorates of 

Gaza strip to obtain approval to conduct the study (appendix3). Students and their parents 

were informed about the study and their participation was optional and their consent was 

obtained orally. 

3.3-Anthropometric measurements: weight was measured for the students without 

shoes and with light clothes using standard scale and recorded in kilograms (Kg). Height 

was measured without shoes by using wall body meter (Seca model 206, Germany). The 

participants were classified according to the current standard definitions of overweight and 

obesity used by the Center for Disease Control (CDC) and World Health Organization 

(WHO) (National Health Center for Statistics in collaboration with the National 

Centre for chronic Disease Prevention and Health Promotion, 2000, WHO, 1997). For 

children and adolescents, the charts of Body-Mass-Index for Age are used, where BMI less 

than the 85
th

 percentile (20-24.9kg\m² for girls at age 15-17years) is considered as normal 

weight, whereas BMI greater than the 85
th

 percentile (>24.9 kg\m² for girls at age 15-17 

years) is considered as "at risk of overweight" and a BMI greater than the 95
th 

percentile 

(>29 kg\m²for girls at age 15-17 years) is considered as "obese. But for statistical analysis, 

both of the overweight and obese groups were recombined into a single category in order to 

make the analysis more profound. Therefore we redefined the groups as: BMI≥85
th

 

percentile (≥24.9 kg\m²) was considered as overweight and BMI≤ 85
th

 percentile (≤24.9 

kg\m²) was considered as normal weight, as previously reported (Patrick et al., 2004).  
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BMI was determined using graphs or growth charts are used to find each adolescents BMI 

percentile-for-age by plotting the BMI value versus age on a growth chart for that 

adolescent's sex. To use a BMI chart, the age of the adolescent was calculated (in months) 

on the date that his or her height and weight were measured. 

3.4- Blood sample collection: venous blood was drawn by a well trained medical 

technologist. A volume of 10 ml was drawn and divided into two tubes, 7 ml into a plan 

tube for biochemical analysis and 3 ml into an EDTA tube for DNA extraction .Blood used 

for biochemical assay was lift for awhile without anticoagulant to clot. Then serum samples 

were separated by centrifuging at room temperature at 4000 rpm for 10 minutes and then 

samples were stored in refrigerator until biochemical analysis.  

3.5- Biochemical analysis:  

3.5.1-Determination of serum total cholesterol: by enzymatic colorimetric method 

for quantitative determination of total cholesterol in serum or plasma using Cholesterol 

diagnostic kit (Diasys, Germany) according to the kit insert. 

Indication: cholesterol determination is used for the diagnosis and monitoring of lipid 

metabolic diseases. The reference range used according to the kit was as follows:  

Table 3.1-Reference range for Cholesterol using Cholesterol diagnostic kit (Diasys, 

Germany) 

≤200 mg\dl(5.2mmol\L) Desirable  

200-240 mg\dl(5.2-6.2mmol\L) Borderline  

≥240mg\dl(≥6.2mmol\L) High risk  

3.5.2-Determination of serum Triglyceride:  

       By Enzymatic colorimetric method used the quantitative determination of triglyceride 

in serum or plasma using Triglyceride diagnostic kit (Diasys,Germany) according to the kit 

insert. 

-Indication: Triglycerides determination for the diagnosis and monitoring of lipid 

dysfunction for the evaluation risk of the atherosclerotic diseases. Reference range was as 

follows:  
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Table 3.2- Reference range for Triglyceride using Triglyceride diagnostic kit (Diasys, 

Germany). 

≤200 mg\dl(2.3mmol\L) Desirable  

200-400 mg\dl(2.3-4.5mmol\L) Borderline  

≥400mg\dl(≥4.5mmol\L) High risk  

3.5.3-HDL determination: by Liquid HDL precipitant for the HDL cholesterol 

determination using HDL precipitant diagnostic kit (Diasys, Germany) according to the kit 

insert .Reference range was as follows: 

Table 3.3-Reference range for HDL using HDL precipitant diagnostic kit (Diasys, 

Germany) 

High value 

(low risk) 

Medium 

 (moderate risk) 

Low level 

 (high risk) 

> 60 mg/dl 40 - 59 mg/dl < 40 mg/dl 

 

3.5.4-Determination of Low density lipoprotein cholesterol (LDL-c): Determination of 

 was calculated from the primary measurements using the empirical equation 

LDL = total cholesterol – HDL – (triglycerides/5) 

3.6-Genotyping: 

3.6.1-DNA extraction: genomic DNA was extracted from whole blood in EDTA 

containing tubes using a previously described manual method (Maniatis et al., 1982) as 

follows: 

Three hundred micro liters (300µl) aliquot of whole blood was transferred micro 

centrifuge tube and 900 µl of 20mM) Tris-cl (pH7.6) were added, and contents of the 

capped tubes were mixed by inversion. The solution was incubated at room temperature for 

10 minutes while occasionally inverting the tubes. The tube was centrifuged at room 

temperature in a micro centrifuge at maximum speed for 20 seconds at room.  

All but 20 µl of the supernatant  was discarded and the pellet of white cells was 

suspended in the small amount of supernatant left and subsequently transferred to a micro 

centrifuge tube containing 600 µl ice cold cell lysis buffer(10 mM Tris-cl, PH8.0, 1 mM 
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EDTA, pH=8.0, and 0.1% (w\v) SDS). The suspension was homogenized quickly by 

vortexing. Two hundred (200) µl potassium acetate solutions (3M potassium and 5M 

acetate, prepared by mixing 60 ml of 5M of potassium acetate, 11.5M of Glacial acetic acid 

and 28.5 ml H2O) were added and the contents of the tube were mixed by vortexing for 20 

seconds. The precipitated protein\SDS complex was pelleted by centrifugation for 3 min at 

maximum speed at 4ºC. (pellet protein should be visible at the bottom after centrifuge, if 

not incubate the lysate for 5 min ice and repeat centrifuging). Six hundred  600 µl of 

supernatant were transferred to a tube containing 600 µl isopropanol, mixed well and then 

the precipitate of DNA was recovered by centrifuging  for 1 min at high speed at room 

temperature. Six hundred 600 µl of 70% ethanol were added, inverted several times, and 

centrifuged at high speed for 1 min and inverted then the ethanol was discarded and the 

pellet dried in air for 15min, and after that re dissolved in 100 µL TE (10 mM Tris-cl, 

PH=7.6, 1 mM EDTA, PH=8.0) and incubated for 16 hours at room temperature. 

3.6.2 –Determination of Leptin receptor (LEPR) Gln223ARG polymorphism:  

Amplification of the LEPR gene was carried out using polymerase chain reaction 

restriction fragment length polymorphism (PCR-RFLP) with previously described 

primers.(Skoczen et al., 2011). Forward primer: 5-AACTCAACGACACTCTCCTT-3, and 

reverse Primer: 5-TGAACTGACATTAGAGGTGAC-3. PCR amplification reactions were 

carried out using the PCR kit (Promega, USA). A final volume of 25 µL was prepared for 

each sample was as follows: 

Final Con. 
volume 

(µl) 
Con.   Reagent 

1X 12.5 2X 1-PCR master mix 

0.2 µM 1 µl 5µM 2-Forward primer 

0.2 µM 1 µl 5µM 3-Reward primer 

100-300ng 3 µl  ---- 4-DNA 

---- 7.5 µl  ---- 5-H2O 

---- 25 µl  ---- Final volume 

The amplification conditions were as follows: initial denaturation at 95 ºC for 15 

min followed by 35 cycles of denaturation at 95 ºC for 30 sec, annealing at 59 ºC for 30sec 

and extention at 72 ºC for 45 sec then followed by final extention at 72 ºC for 10 min. The 

resulting DNA fragments were 80 base pair (bp) in length. The genotype for the 

Gln223ARGSNP was determined using RFLP procedure .which was prepared as follows: 
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A volume of 16 µl of the PCR reactions products were digested using 2.5 units of 

Msp1 restriction enzyme (Promega, USA) in the presence of 2 µl  of the(2X) PH buffer, 

1.75 µl distilled water , and 0.2 µL BSA in  a total volume of 20 µl. The restriction reaction 

mixtures were incubated at 37 ºC for 16 hours and the restriction fragments were resolved 

in 2% agarose gel stained with Ethedium  bromide.   The gel was visualized by a UV light 

(Cleaver, Muv21-312) and RFLP gel electrophoresis products were read by the researcher 

and other genetic specialists, and the gel was photographed by gel documentation  system 

(Cleaver, I-HD). 

3.7-Questionaire and statistical data analysis: 

3.7.1-Questionare: a self-administered questionnaire was designed and validated by 5 

specialists in the fields of  nutrition and physical education (appendix1). It was carried out 

to evaluate demographic data, dietary habits, and physical activities as possible risk factors 

for obesity. Most questions were one of two types: the yes/no question, which offer a 

dichotomous choice; and the multiple choice questions, which offer several fixed 

alternatives (Backestrom C, and Hursh-Cesar G, 1981). 

The personal and socioeconomic data delivered information about governorate, 

birth date,  family income, family history of obesity, and parents education and 

employment. The dietary habit section included questions about school meals , no. of daily 

meals,, breakfast eating, eating while watching television , snaking, frequency of eating 

some foods (fruits ,sweets, chocolate and chips). The physical activity section included 

questions about doing sports, sedentary activities, such as watching television and using 

computer.  

3.7.2-Statistical analysis 

Data were analyzed using Statistical Package of Social Sciences (SPSS) software 

(version 17.0). The following statistical tests were applied: Frequency distributions, 

Independent-samples t-test, Odds Ratio (OR), Analysis of Variance (ANOVA) test. The 

level of significance was set at P=0.05. Range as minimum and maximum values was used. 
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Chapter Four 

 Results 

4.1- Description of the study population: 

4.1.1-The prevalence of obesity among the study population:  

This study included 409 secondary school adolescent girl students aged 15-17 years 

old, the prevalence of overweight and obesity was 27.9% and 6.6% respectively. They were 

classified as: BMI≥85
th

percentile (≥24.9 kg\m²) was considered as obese and BMI≤ 85
th

 

percentile (≤24.9kg\m²) was considered as normal weight, as we have previously 

mentioned in the methodology section.  

4.1.2-Anthropometric measurements: Table 4.1 shows the  distribution of the normal 

weight and obsess groups based on different anthropometric variables. The mean age was 

(16.5 ± 0.60) for normal weight and (16.5 ± 0.64) for obese subjects. The mean BMI was 

(21.4 ± 1.8), for normal weight and (27.3 ± 3.2) for obese. The mean weight was (53.7 ± 

5.9), (68.3 ± 9.2), for normal weight and obese  respectively. The mean height was (158.4 ± 

5.3) for normal weight and (158.2 ± 5.0) for overweight and obese students. 

Table 4.1:Anthropometric measurements of the study population. 

P-value* 
Obese 

M±SD 

Normal 

M±SD 
Variable 

    ------ 142(34.7%) 267(65.3%) No. 

0.950 16.5±0.64 16.5 ±0.60 Mean Age(years) 

0.000* 68.3±9.20 53.7±5.90 Mean Weight(Kg) 

0.750 158.2±5.00  158.4±5.30 Mean Height(cm) 

0.000* (27.3±3.2) (21.4±1.8) Mean BMI(kg\m²) 

* Significance (P= 0.05), Values are expressed as mean ± standard deviation (SD), BMI: Body mass index. 

No: Number of sample. Brackets are percentages within BMI class. Kg: kilogram.. 

4.1.3-Lipid profile for the study population:   

Lipid profile including, total cholesterol, triglycerides, low density lipoproteins 

(LDL) and high density lipoproteins (HDL) are listed in table 4.2. The mean level of 

triglyceride was (109.11 ± 26.27) for normal weight girls compared to that of obese girls 

(114.8 ± 27.6). Similarly, the mean levels of Cholesterol and low density lipoprotein were 

(146 ± 30.3), (86.4 ± 29) for obese, and (143.6 ± 28), (85 ± 29.9) for  normal weight girls, 
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respectively. The mean level of  high density lipoprotein was (37 ± 8.3) for normal weight 

and (36.8 ± 9.0) for obese group. 

Table 4.2:Lipid profile of the study population. 

* Significance (P= 0.05), LDL: low density lipoprotein, HDL: high density lipoprotein, cm: centimeter    

mg/dl: milligram\deciliter, T: t-test  

4.1.4-Sociodemographic data:  

Table 4.3, shows the socio-demographic data of the study population. Results of the 

analysis showed that 184 (69.3%) of the fathers of normal weight girls were employed and 

82 (30.7%) were unemployed, whereas 86 (60.1%) of fathers of obese girls were employed 

and 57 (39.9%) were unemployed. Similarly, 27(10.2%) of the mothers of normal weight 

girls were employed and 239 (89.8%) were unemployed, whereas 14 (9.8%) of mothers of 

obese girls were  employed and 129 (90.2%) were unemployed .With regard to parents 

education, 72 (38.5%) of the normal weight fathers were illiterate and 115 (61.5%) have a 

university degree, whereas 26 (32.9% ) of the obese fathers were illiterate and 53 (67.1.%) 

have a university degree. Seventy three 73 (54.1%) of the normal weight mothers were 

illiterate and 62 (45.9.1%) have a university degree, compared to obese girls were 27 

(48.2%) of their mothers were illiterate and 29 (51.8%) have a university degree. 

Concerning family history of obesity, 67 (25.6%) of normal weight girls reported obesity 

among their relatives compared to 65 (46.8%) for Obese girls. 

 

 

 

 

  

P value T 
Obese(143) 

Mean ± SD 

Normal(266) 

Mean ± SD 
Parameter 

0.039* 2.07 
114.8±27.6 

(56-293) 

109.11±  26.2 

 (12- 237) 

Triglyceride(mg/dl) 

(min-max) 

0.430 0.79 
146±30.3 

(72-293.8) 

143.6±28 

(72.9-234) 

Cholesterol (mg/dl) 

(min-max) 

0.780 0.26 
36.8±9.0 

(23-65) 

37±8.3 

(23-69) 

HDL (mg/dl)  

(min-max) 

0.630 0.37 
86.4±29.0 

(18-232( 

85±29.9 

(4-174) 

LDL (mg/dl)  

(min-max ) 
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 Table 4.3:Sociodemographic data of the study population. 

OR(Exact Fisher 95% 

confidence interval) 
P 

No (percent.%) 

 Normal             Obese  

Socio-econo-mic aspects 

1.40 (0.97-2.2) 
0.05* 

 

86(60.1%) 

57(39.9%) 

 

184(69.3%) 

82(30.7%) 

Father occupation  

Employed  

Unemployed  

 143 266 Total 

1.04 (0.52-2.05) 0.90 

 

14(9.8%) 

129(90.2%) 

 

27(10.2%) 

239(89.8%) 

Mother occupation 

Employed  

unemployed 

  143 266 total 

0.75(0.49-1.15) 0.38 

 

26(32.9%) 

53(67.1%) 

 

72(38.5%) 

115(61.5%) 

Father education 

illiterate 

University  

  138 265 Total  

0.65(0.39-1.08) 0.72 

 

49(59.8%) 

33(40.2%) 

 

93(57.4%) 

69(42.6%) 

Mother education 

illiterate 

university 

  82 162 Total 

0.39 (0.25-0.60). 0.00* 

 

65(46.8%) 

74(53.2%) 

 

67(25.6%) 

195(74.4%) 

Family obesity 

Yes  

No  

 ------ --- 139 262 Total  

* Significance (P= 0.05), Brackets are percentages within BMI class, OR: odds ratio 

4.1.5- Dietary habits: The main dietary habits of the study population are presented in 

table 4.4. The analysis showed that 115 ( 44.1%) of normal weight girls did not have 

snaking, and 146 (55.9%) reported that they have snaking compared to obese girls where 

78 (55.7%) of them did not have snaking and 62 (44.3%) had snaking. The results also 

revealed that 79 (59.8%) of obese girls eat ≤3 meals per day and 53 (40.2%) of them eat >3 

meals per day whereas 141(54%) of the normal weight girls eat ≤3 meals per day and 120 

(46%) eat >3 meals per day. It was also revealed that 158 (60%) of the normal weight girls 

eating while  watching television compared to 84 (61.3%)  of obese girls. With regard to 

breakfast eating 196 (74.2%) of normal weight girls ate breakfast regularly  compared to 89 

(64.5%) of obese girls. Fifty five (21.1%) of normal weight females reported that they did 

go in diet compared to 75(54%) of obese girls.  
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         Table 4.4: Dietary habits of the study population 

       * Significance (P= 0.05), Brackets are percentages within BMI class, OR: odds ratio 

4.1.6- Dietary consumption patterns: Table 4.5 shows the main dietary consumption 

patterns of the study population. As illustrated in the table, 150 (56.8%) of normal weight 

girls eat fruit more than three times per week (>3\w), 97 (38.8%) consume soft drinks 

(>3\w) , 245 (92.5%) eat chips (>3\w) compared to obese girls where 80 (57.1%) of them 

eat fruit (>3\w), 53 (41.1%) consume drink soft drinks (>3\w), and  119 (84.4%) of them 

eat chips (>3\w), respectively. 

 

 

 

 

 

OR(ExactFisher95% 

confidence interval) 
P 

BMI 
Eating Habits 

Obese Normal 

1.56 (1.03-2.30) 0.034* 

 

62(44.3%) 

78(55.7%) 

 

146(55.9%) 

115(44.1%) 

Snaking 

yes 

No 

140 261 Total 

0.47(0.17-1.20) 0.272 

 

79(59.8%) 

53(40.2%) 

 

141(54%) 

120(46%) 

Daily meals 

≤3 

>3 

132 261 Total  

0.95 (0.51-1.80) 0.810 

 

 

84(61.3%) 

53(38.7%) 

 

 

158(60%) 

 105(40%) 

Eating while watching 

TV 

Yes 

No 

137 263 Total 

4.17 (1.017-2.40) 0.050* 

 

89(64.5%) 

49(35.5%) 

 

196(74.2%) 

 68(25.8%)  

Breakfast  eating 

Yes 

No 

131 264 Total  

0.039 (0.25-0.60) 0.000* 

       

75(54%) 

64(46%) 

 

55(21.2%) 

204(78.8) 

Go in diet  

Yes 

No 

 139 259 Total  
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    Table 4.5: Dietary consumption patterns of the study population. 

* Significance (P= 0.05), Brackets are percentages within BMI class, OR: odds ratio 

4.1.7-Physical activity: 

Table 4.6 illustrated physical activity patterns among study population. results 

revealed that 77 (56.2%)  of obese girls watch television more than one hour (>1 hour) 

daily compared to 121 (45.3%) of normal weight girls. Concerning doing sport, 70 (26.4%) 

of normal weight girls do sport regularly compared to 37 (26.4%) of obese girls. With 

regard to time using computer,74 (28.6%) of normal weight females  use computer more 

than one hour daily, compared to  27 (19.7%) of obese females. 

 

 

 

 

 

 

 

 

 

 

OR(ExactFisher95% 

confidence interval) 
P 

BMI 

Eating Frequency 

Obese 
 

Normal 

0.98 

(0.65- 1.4) 
0.85 

 

60(42.9%) 

80(57.1%) 

 

 

114(43.2%) 

150(56.8%) 

Eating fruit 

≤3\w 

>3\w 

  140 264 Total 

0.91 

(0.58-1.4) 
0.76 

 

53(41.1%) 

76(58.9%) 

 

97(38.8) 

153(61.2%) 

Soft drink 

≥3\w 

<3\w 

  129 250 Total 

2.26 

(1.18-4.3) 
0.01* 

 

 

22(15.6%) 

119(84.4%) 

 

 

20(7.5%) 

245(92.5%) 

Eating chocolat-

Chips 

≤3\w 

>3\w 

  121 265 Total 
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Table 4.6: Physical activity patterns of the study population. 

OR (ExactFisher95% confidence 

interval). 

 

P 

BMI 
Activity 

Obese Normal 

1.51 (1.00-2.28)  0.03* 

 

65(43.8%) 

77(56.2%)  

 

145(54.7%) 

121(45.3%) 

Time watching TV 

≤1 hour 

>1 hour  

138 266 Total 

0.91 (0.60-1.38) 0.98 

 

37(26.4%) 

103(73.6%) 

 

70(26.4%) 

195(73.6%) 

Doing sport  

Yes  

No  

140 265 Total  

1.56 (1.03-2.30).  0.05* 

 

 

110(80.3) 

27(19.7%) 

 

 

185(71.4%)  

74(28.6%) 

Daily computer using 

time 

≤1 hours  

>1hour 

137 259 Total  

* Significance (P= 0.05), Brackets are percentages within BMI class, OR: odds ratio 

4.1.8 –Genotyping: Figure 4.1 shows the genotyping results of GLN223ARG leptin 

receptor polymorphism. A single band of 80 bp shows the presence of allele A 

(GLN/GLN), while the presence of 2 bands of 58 and 22 bp shows the presence of allele G 

(ARG/ARG). There are 2 bands for the G allele because this product contains a digestion 

site for the MspІ enzyme, which is absent when A is present. Therefore, the PCR product 

containing the G allele is cleaved by MspІ and produces 2 bands of low molecular weight. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Photograph of a 2% (w/v) agarose gel showing the digested PCR products for GLN223ARG leptin 

receptor polymorphism genotyping. Line 1(well 1): DNA marker. Line 2(well 6): Heterozygous AG (GLN/ARG); 

genotype produce three bands of size 80, 58 and 22 bp. Line 3(well 10): Homozygous GG (ARG/ARG); genotype 

produce two bands of size 80 and 58 bp. Line 4(well 16): A negative control (- DNA). 

Line 2 Line 1 Line 3 Line 4 

Well number             1     2   3  4     5    6   7   8   9  10 11 12 13 14 15 16 

1111611161116 
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Table 4.7 shows the distribution of genotype and allele frequencies for  leptin 

receptor (LEPR) GLN223ARG polymorphism in study population. The frequency of the 

ARG in the overall population was (24%). The obese group genotyping patterns were 80 

(56.3%)homozygous(GLN-GLN),43(30.3%)heterozygous(GLN-ARG)and,19(13.4%) 

homozygous (ARG-ARG) compared to that of normal weight group which were 172 

(64.4%) homozygous(GLN-GLN),74(27.7%)heterozygous (GLN-ARG) and 21(7.9%) 

homozygous (ARG-ARG). In obese group, the frequency of the GLN and ARG alleles 

were (71.5%) and (28.5%) respectively, compared to control group the frequency of the 

GLN and ARG alleles were (78.3%) and (21.7%) respectively. 

Table 4.7: Distribution of genotype and allele frequencies for Leptin receptor (LEPR) 

GLN223ARG polymorphism of the study population. 

Obese(n=142) Normal(n=267) Genotypes 

80(56.3%) 172(64.4%) GLN-GLN(AA) 

43(30.3%) 74(27.7%) GLN-ARG(AG) 

19(13.4%) 21(7.9%) ARG-ARG(GG) 

 Frequencies% Alleles 

71.5% 78.3% GLN (A) 

28.5% 21.7% ARG (G) 

       Brackets are percentages within BMI class.  

4.2-Obesity risk factors of the study population 

4.2.1-anthropometric measurements in normal weight and obese girls:  

As illustrated in Table 4.1, there were significant differences between normal 

weight and obese girls in mean BMI(body mass index) (21.4 ± 1.8), (27.3±3.2) (p=0.000) 

and weight (53.7 ± 5.9),(68.3 ± 9.2) (p=0.000) respectively, in contrast there was no 

significant difference between the obese (158.2 ± 5.0) and normal weight(158.4 ± 5.3) girls 

with regard to height (p=0.75).  

4.2.2-Sociodempgraphic factors: 

With reference to table 4.3, it was shown that 184 (69.3%) of the fathers of normal 

weight girls were employed and 82(30.7%) were unemployed compared to obese girls 

where 86(60.1%) of their fathers were employed and 57(39.9%) were unemployed (P=0.05, 

OR=1.4) the difference was significant and indicated that father job is considered as a risk 
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factor for obesity. Concerning mother employment, 27(10.2%) of the mothers of normal 

weight girls were employed and 239 (89.8%) were unemployed compared to obese were14 

(9.8%) of their mothers were employed and 129 (90.2%) were unemployed 

(P=0.90,OR=1.04),  and there were no significant differences between the two groups. 

With regard to parents education, 72 (38.5%) of the normal weight fathers were illiterate 

and 115 (61.5%) have a university degree whereas 26 (32.9%) of the obese fathers were 

illiterate and 53 (67.1%) have a university degree (P=0.38ORO.75). It was also revealed 

that 93(57.4%)of the normal weight mothers were illiterate and 69(42.6%) had a university 

degree, compared to obese girls where 49(59.8%) of their mothers were illiterate and 

33(40.2%) had a university degree (P=0.72,OR=0.65) with no significant differences. 

Concerning family history of obesity, 67 (25.6%) of normal weight girls reported obesity 

among their relatives compared to 65 (46.8%) of Obese girls ( P=0.000OR=0.39), the 

significant difference indicates that family history may play a role as a risk factor for 

obesity. 

4.2.3-Dietary habits: 

The analysis of students dietary habits as presented in table 4.4 showed that, 146 

(55.9%) of normal weight girls have snaking, compared to 62(44.3%) of obese girls 

(P=0.034, OR=1.56) which is considered as conflicting result and may indicate that the 

genetic  factors play a strong role in adolescents obesity, or it can be explained by 

psychological factors as obese girls feel afraid of facing the problem and don‘t give right 

information about their dietary habits. It may also indicates that frequent eating pattern may 

protect against weight gain The results also revealed that 120 (46%) of normal weight 

females eat >3 meals per day where as 53 (40.2%) of the obese girls eat >3 meals per day 

(P=0.272, OR=0.47) with no significant differences. It was also shown that 158 (60%)  of 

the normal weight girls eating while  watching television compared to 84 (61.3%) of obese 

girls (P=0.81,OR=0.95) and the difference was not significant.  

With regard to breakfast eating, 196(74.2%) of normal weight girls eat breakfast 

regularly compared to 89(64.5%) of obese girls (P=0.05, OR=4.17), the significant 

difference  indicates that eating breakfast regularly is considered as a risk factor for obesity. 

Twenty one percent of 55 (21.1%) of normal weight females reported that they go in diet 

compared to 75 (54%) 0f obese girls (P=0.000, OR=0.039) the results were significantly 

different. 
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4.2.4- Dietary consumption patterns: Table 4.5 shows the main dietary consumption 

patterns of the study population. The results revealed that  150 (56.8%) of normal weight 

girls eat fruit >3\w, 97 (38.8%) of them consume drink soft drinks  >3\w, and 245 (92.5%) 

eat chips >3\w compared to obese girls, where  80 (57.1%) of them eat fruit >3\w, 53 

(41.1%) consume drink soft drinks >3\w, and 119 (84.4%) eat chips>3\w, 

(P=0.85,OR=0.98), (P=0.76, OR=0.91), (P=0.010, OR=2.26) respectively. The significant 

difference between the two groups was only for eating ships but it is considered as 

conflicting result as the normal weight girls consume ships more than the obese girls. This 

result could be explained also by the previously mentioned reasons for snaking pattern.  

4.2.5- Physical activity 

Physical activity patterns among study population are listed in Table 4.6 .Results 

revealed that 77(56.2%) of obese girls watch television more than one hour (>1 hour) daily 

compared to 121(45.3%) of normal weight girls (P=0.038, OR=1.51), the significant 

difference indicates that watching TV for more than 1 hour per day is a risk factor for 

obesity among adolescents. Concerning doing sport there was no significant difference 

between obese and normal weight girls 37 (26.4%), 70 (26.4%) (P=0.98, OR=0.91) 

respectively. With regard to  time using computer, 74 (28.6%) of normal weight females  

use computer more than one our daily, compared to  27 (19.7%) of obese females (p=0.055, 

OR=1.56). The result was conflict, as normal eight females reported using computer for 

more than one hour daily than obese females, so there is no association between obesity 

and time using computer in our study population.  

4.2.6-Lipid profile of the Study population 

lipid profile including, total cholesterol, triglycerides, low density lipoproteins 

(LDL) and high density lipoproteins (HDL) of the study population are presented  in table 

4.2. The mean levels of triglycerides were  significantly increased in obese compared to 

normal weight girls (114.8 ± 27.6 mg/dl Vs. 109.11 ± 26.27,  T=2.07 and P=0.039). In 

contrast, the mean levels of total cholesterol, and LDL were increased in obese compared 

to normal weight (146 ± 30.3 mg/dl vs. 143.6 ± 28, T=0.790, P=0.430) and (86.4 ± 29.0 

mg/dl vs. 85 ± 29.9, T=0.373, P=0.63) respectively but the differences were  not 

significant. The mean level of HDL on the other hand was  also not significantly decreased 
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in obese compared to normal weight girls  (36.8 ± 9.0 Vs.  37 ± 8.3 mg/dl, T=0.268, 

P=0.78). 

4.2.7-Genotyping: 

4.2.7.1-Genotype frequencies:  

As revealed in table 4.8,When comparing the frequency of the mutant genotype 

with that of wild type, the mutant genotype  was higher 62 (43.7%) among obese compared 

to normal weight girls 95 (35.6%) but the difference is not statistically significant(OR=1.4, 

P=0.068). 

Table 4.8: Frequency of the mutant genotype and the wild type  

Genotype 
BMI 

OR P CI 
Normal Obese 

Wild type 80(56.3%) 172(64.4%) 
1.4 0.068* 0.92 2.1 

Mutant type 62(43.7%) 95(35.6%) 

Total 142 267  

Brackets are percentages within BMI class, *Significance (P= 0.05),OR: odds ratio. 

Exact Fisher 95% confidence interval (CI). 

With regard to the frequency of homozygous(ARG-ARG) genotype, as shown in 

table 4.9, there was a significant difference between obese 19 (19.2%) and normal weight 

girls 21 (10.9%) (OR=1.94, P=0.05), this indicates that the presence of this genotype is a 

risk factor for obesity. 

Table 4.9:Frequency of homozygous(ARG-ARG) genotype among Normal weight and obese 

females. 

Genotype 
BMI 

OR P CI 
Normal Obese 

GLN-GLN 172(89.1%) 80.8(80.8%) 
1.94 0.05* 0.99 3.8 

ARG-ARG 21(10.9%) 19(19.2%) 

Total 193 99  

Brackets are percentages within BMI class, Significance (P= 0.05),OR: odds ratio. 

Exact Fisher 95% confidence interval(CI). 

In contrast, as presented in table 4.10, there was no significant difference in the 

frequency of the heterozygous (GLN-ARG) genotype between obese 43 (35.0%) and 
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normal weight girls 74(30.1%) (OR=1.2, P=0.3), in spite of that the frequency  of this 

genotype is higher in obese than in normal weight girls.  

Table 4.10: Frequency of the heterozygous (GLN-ARG )genotype among Normal weight 

and obese females. 

Genotype 
BMI 

OR P CI 
Normal Obese 

GLN-GLN 172(69.9%) 80(65.0%) 
1.2 0.3 0.78 1.9 

 GLN-ARG  74(30.1%) 43(35.0%) 

Total  246  123  

Brackets are percentages within BMI class, Significance (P= 0.05),OR: odds ratio. 

Exact Fisher 95% confidence interval 

4.2.7.2-Genotype and triglyceride level: When analyzing the effect of the genotype on 

triglyceride level as an obesity marker, as shown in table 4.11, girls with the homozygous 

(ARG-ARG) genotype have higher mean triglyceride level(121.1725 ± 32.43436) 

compared to those with wild type (GLN-GLN)(110.12 ± 24.2) and heterozygous type 

(GLN-ARG) (109.8 ± 29.59) (p=0.045). this is also indicates that this homozygous 

genotype is a risk factor for obesity.  

Table 4.11:Mean Triglyceride levels among Normal weight and obese females in relation 

to their genotype.   

Genotype No. 
Tri. G. 

Mean 

St. 

Deviation 

Confidence Interval 

Min Max P Lower 

Bound 

Upper 

Bound 

GLN-GLN 252 110.12 24.22 107.12 113.13 50.00 113.13 

0.045* GLN-ARG 117 109.86 29.59 104.66 115.27 12.00 230.00 

ARG-ARG 40 121.17 32.43 110.79 131.54 81.90 293.75 

* Significance (P= 0.05) 

4.2.7.3-Genotype and family obesity: The frequency of the mutated genotype between 

girls with family obesity 52 (33.5%) is marginally higher than girls with wild type 80 

(32.5%) but the difference was not significant (OR=0.9, P=0.8) as presented in table 4.12. 
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Table 4.12: Frequencies of mutant and wild type of the study population in relation to 

family obesity. 

Family 

Obesity 

Genotype 
OR P CI 

Mutated Normal 

Yes 80(32.5%) 13(33.5%)  
 0.90  0.80  0.62  1.4 

No 6(67.5%) 103(66.5%) 

Total 246 155  

Brackets are percentages within BMI class, Significance (P= 0.05),OR: odds ratio. 

Exact Fisher 95% confidence interval(CI). 

4.2.7.4-Comparing normal weight and extremely obese girls with regard to the 

genotype frequency: 

Table 4.13 showed the genotype frequencies of normal weight compared to extremely 

obese girls. It is revealed that the frequency of the mutated genotype is significantly higher 

in extremely obese girls 6 (75.0%) compared to normal weight girls 96 (35.8%)(OR=5.37, 

P=0.024). 

Table 4.13: Genotype frequencies of normal weight compared to extremely obese(Extreme 

Ob females). 

Genotype 
BMI 

OR P CI 
Normal Extreme Ob. 

Wild 172(64.2%) 2(25.3%) 
  5.37  0.024*    1.06  27.15 

Mutant 96(35.8%) 6(75.0%) 

Total 268 8  

Brackets are percentages within BMI class, *Significance (P= 0.05),OR: odds ratio. 

Exact Fisher 95% confidence interval(CI). 

In addition the frequency of the heterozygous genotype (GLN-ARG) is also 

significantly higher in extremely obese 5 (71.4%) than in normal weight girls 74 (30.1%) 

(OR=5.8, P=0.020) which indicates that this genotype is considered as a risk factor for 

obesity (Table4.14). 
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Table 4.14: Frequency of the heterozygous genotype (GLN-ARG) of normal weight 

compared to extremely obese females. 

Genotype 
BMI 

OR P CI 
Normal Extreme Ob. 

GLN-GLN 172(69.9%) 2(28.6%) 
   5.8    0.02*    1.1  30.6 

GLN-ARG 74(30.1%) 5(71.4%) 

Total 246 7  

Brackets are percentages within BMI class, Significance (P= 0.05),OR: odds ratio. 

Exact Fisher 95% confidence interval(CI) 

The frequency of the homozygous genotype (ARG-ARG) is also higher in extremely obese 

1(33.3%) than normal weight girls 22 (11.3%) (OR=3.9, P=0.23) but the difference was not 

significant (table4.15). 

Table4.15: Frequency of the homozygous genotype(ARG-ARG) of normal weight 

compared to extremely obese females.  

Genotype 
BMI 

OR P CI 
Normal Extreme Ob. 

LN-GLN 172(88.7%) 2(66.7%)  
3.9 0.23 0.34 0.49 

ARG-ARG 22(11.3%) 1(33.3%) 

Total 194 3  

           * Brackets are percentages within BMI class, *Significance (P= 0.05),OR: odds ratio. 

            Exact Fisher 95% confidence interval(CI). 
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Chapter five 

Discussion 

Obesity is a multi-factorial disease resulting from combined effect of genes, diet, 

lifestyle factors and interactions of these factors. It is per se considered as a risk factor for 

chronic diseases such as high blood pressure, diabetes, atherosclerosis and even cancer. 

Obesity prevalence is increasing worldwide in industrial and developing countries 

including Gaza strip. To our knowledge few studies have been carried out on obesity in 

Gaza strip (Kanano et al., 2008,  Zabut et al., 2009). 

Our study therefore conducted to screen obesity risk factors among female 

adolescents in Gaza strip-Palestine. The discovery of leptin and its receptor has advanced 

our understanding of the mechanisms regulating body weight in human. To our knowledge 

this study is the first study to assess the genetic factor and the effect of leptin receptor 

genotype on obesity in Gaza strip. This study is a cross sectional study covered 409 

secondary school girl students selected randomly from al governorates of Gaza strip. We 

used  the same Body Mass Index for Age chart criteria as the WHO & CDC, where, 

BMI<85thpercentile (<25kg/m2) was considered as normal weight, (BMI≥85th  to ≤95th 

percentile(≥25-≤29kg/m2) was considered as overweight, and BMI>95th percentile (>29 

kg/m2 ) was considered as obese, but we classified them into two groups where BMI≥85th 

percentile(≥25kg/m2) was considered as overweight\obese group, and BMI<85th 

percentile(<25kg/m2) was considered as normal weight group for statistical analysis. Body 

mass index (BMI) of the females in present study was calculated by a computer graphs 

program specially design to this purpose (National Health Center for Statistics, 2000). 

We applied the polymerase chain reaction-restriction fragment length polymorphism 

technique for genotyping. The demographic, dietary, and physical activity data were 

obtained by a self-administered questionnaire.  

The prevalence of overweight and obesity in the study population were  (27.9%) 

and (6.6%) respectively, are similar to findings of  other studies by (Terres et al., 2006) 

where the prevalence of overweight and obesity were (20,9%) and (5%) respectively, and 

also with those of (Monteiro et al., 2000) where the prevalence of overweight and obesity 

were (24.5%) and (9%) respectively.  



 
 

.4 

       Obese girls in the present  population had higher levels of triglyceride than normal 

weight girls a results which also found by (Pelegrini et al., 2012), where adolescents who 

are overweight, as determined by BMI, are twice as likely to show increased triglyceride 

levels when compared to adolescents with normal weight, and also by ( Cobayashi et al., 

2012) who analyzed two groups of adolescents (obese and normal) and found that obese 

adolescents are more likely to have elevated serum triglycerides and low HDL-C levels 

compared to normal adolescents. It is also found by (Ramzan et al., 2011). With regard to 

other lipid profile we found no significant difference between obese and normal weight in 

mean levels of Total cholesterol, high density lipoprotein (HDL), and, low density 

lipoprotein (LDL).  

Family history of obesity in the present study was associated with adolescents 

obesity where (25.6%) of normal weight girls reported obesity among their relatives 

compared to (46.8%) of Obese girls ( P=0.000). This finding was in agreement with that of 

a cross-sectional study covered 2,577 urban school girls aged 12-17 years in Rasht, Iran 

which  showed that the risk of overweight/obesity was higher in girls whose either parent 

was overweight or obese ( Maddah and Nikooyeh, 2010). Also with those of other study 

covered  264 overweight (BMI ≥85th percentile) of the National Center for Health 

Statistics (NCHS) reference population) and 264 non-overweight (BMI .≥5th and ,≤85th 

NCHS percentiles) adolescents( 15-20 years), showed that overweight and obesity were 

positively associated with mother‘s (OR=2.86, 95%confidence interval (Cl):1.43–5.74) and 

father‘s (OR=2.43, 95% Cl: 1.37–4.30), BMI≥30 kg/m2(Neutzling et al., 2003). 

 For normal weight females, 69.3%of their fathers were employed, compared to 

(60.1%) of fathers of the obese girls (p=0.05). The same relation between females body 

weight and father job was also found by (Kanano et al., 2008), and also reported by 

(Doustmohammadian et al., 2012.).Other socioeconomic factors like father's education 

and mother's education and employment were not associated with adolescent's obesity in 

this study.  

 

This result was partially in agreement with those reported by Terres et al (2006) as  

fathers education was not associated with adolescents obesity (P=0.4), but in other hand our 

results were disagreed with those of this study as mothers education was significantly 

associated with adolescents obesity(p=0.05). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Doustmohammadian%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23056857
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With regard to physical activity factor, Results revealed that (55.8%)  of obese girls 

watched television more than  one hour (>1 hour) daily compared to (45.5%) of normal 

weight girls (P=0.038). The significant difference indicates that watching TV for more than 

1 hour per day is a risk factor for obesity among adolescents. Concerning doing sport there 

was no significant difference between obese and normal weight girls (26.4%), (26.4%) 

(P=0.98) respectively. 

With regard to time using computer, 28.6% of normal weight females  use computer 

more than one our daily, compared to 19.7% of obese females (p=0.055). The result was 

conflict, as normal weight females reported using computer for more than one hour daily 

than obese females, so there was no association between obesity and time using computer. 

Our  results were in agreement with  those of (Murren, 2009), concerning watching TV  

and using computer  who reported  that Television watching (x2 = 10.3; p= 0.006), but not 

video/computer game time (X2 = 3.7; p= 0.160) was associated with weight status, but 

disagreed with him concerning participation in sport team as his results revealed that of the 

physical activity behaviors across weight status, there were statistically significant 

differences in adolescents who played on at least one sports team (X2 = 6.6; p= 0.037) and 

meeting the physical activity recommendation (60+ minutes of PA 5 or more days/week) 

(X2 = 15.1; p= 0.001) compared to adolescents who did not play on a sports team or meet 

the PA recommendation.  This supports other studies that suggest television time may be 

more associated to overweight/obesity among adolescents (Shields M, 2006) than 

video/computer time (Koezuka et al., 2006). 

Considering eating frequencies of our study population, (56.8%) of normal weight 

girls eat fruit more than three times per week (>3\w), compared to obese girls where 

(57.1%)of them eat fruit (>3\w), so there was no significant difference between them.  

This results disagreed with other studies that report a negative relationship between 

fruit and vegetable intake and overweight and obesity (Roseman etal, 2007, Shields, 

2006), but in consistent with the results of (Suet-Fan et al., 2009). 

Soft drink consumption was also not associated with obesity as the difference 

between obese and normal weight groups was not significant(p=0.76). Soda consumption 

among adolescents is hypothesized to be associated with overweight/obesity, but mixed 

results have been reported with several studies showing an association between soda 
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consumption and increased BMI (Striegel-Moore et al, 2006), while another study did not 

find  a significant relationship between soda consumption and BMI (Forshee et al., 2004). 

Regarding consumption of chips and chocolate the results of our study showed a 

conflict and inverse relationship as obese females reported less consumption of these foods 

than normal weight girls. We have previously explained these results and said that it may 

due to one of two factors, it may give an indication that genetic factors play a strong role in 

adolescent's obesity, or may be  due to psychological factors.  

When we talk about dietary habits of adolescents, some of dietary habits of our 

study population were associated with obesity and others were not. Eating breakfast 

regularly for example was associated with obesity(p=0.05), a result which in agreement 

with those of (Amin et al., 2008, Maddah et al., 2008). Eating while watching television 

(p=0.8) and number of daily meals (p=0.27) on other hand were not associated with 

obesity. Snaking like the frequency of eating chips and chocolate also gave a conflict 

results as obese females reported less snaking than normal weight girls(p=0.034) and this 

results also can be explained by the same factors previously described but it could also give 

an indication that frequent eating may protect from weight gain as reported by other 

studies(Neutzling et al., 2003). Going on diet also was found to be associated with obesity 

(p=0.000), a result which agreed with results reported by ( Silveira et al., 2006). 

GLN223ARG leptin receptor polymorphism investigated in this study results in the 

substitution of amino acid from glutamine (CAG) to arginine (CGG) in the extracellular 

domain of the receptor. This may results in altered leptin binding and therefore, receptor 

dimerization and signaling capacity of the leptin receptor (Linjawi and  Hussein, 2012).  

The allelic frequencies in our study were 24% for 223 ARG allele, and 76% for the 

223 GLN allele. The frequency of the 223 ARG allele was higher (28.5%) among obese 

females than among normal weight females(21.7%). These frequencies were different from 

those reported in previous studies in different populations. The frequency of the ARG allele 

was (37%) among obese and (35%) among normal weight in Malaysians (Suet-Fan et al., 

2009) ,and (33.3%) among obese and (35.3%) among normal weight  in (6-17) years old 

Saudi females.(Linjawi and Hussein, 2012). It was (43%) among obese and (39%) among 

normal weight Brazilian subjects (Duarte et al., 2007 ). Among 101 Poland adolescents 

aged 12-18, the frequency of the 223 ARG allele was (23.8%) among obese and (14.7) 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Amin%20TT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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among normal weight(Pyrzak et al., 2009). The discrepancy in allele frequencies in 

different populations including the current study is due to genetic diversity that exists 

among different ethnic populations. 

 For the GLN223ARG polymorphism, a higher percentage of homozygote (GG) 

genotype for the GLN223 allele was found among obese subjects (19.2%), compared to 

normal weight (10.9%) (p=0.05) in our study population,but with regard to the 

heterozygous(AG) genotype there was no significant difference(P=0.3), this is in 

agreement with those reported by (Yiannakouris et al., 2001). In Saudi study, results 

obtained from adult males and females showed that there was an increased frequency of the 

GLN and ARG genotype in obese females and an increased frequency of the GLN-ARG 

and GLN genotype in obese males compared to control but the difference was not 

significant( Linjawi and Hussein,  2012 ). 

 In contrast, (Gotoda et al, 1997) reported that there was an increased frequency in 

GLN and ARG genotype on white British male population. In another study, GLN-ARG 

and GLN genotype were  increased in overweight and obese Caucasian women (Wauters 

et al., 2001). 

In Saudi women, (Daghestani et al., 2009), found that ARG- ARG homozygote 

and GLN-ARG heterozygote genotype had higher frequencies among obese subjects. 

(Constantine et al.,2010), reported an increased in GLN- GLN genotype in obese 

compared to non obese. Females carrying the homozygous type (ARG-ARG) in our study 

population, had higher triglyceride level than those carrying other genotypes (121.1725 ± 

32.43436) (P=0.045). This result is in agreement with that of  a study coved 202 Romanian 

subjects (Constantine et al., 2010.) which reported that carriers of ARG allele had higher 

levels of triglycerides (p=0.017) and glucose (p=0.040), and concluded that LEPR 223 

ARG allele might predispose healthy subjects to develop metabolic disturbances. 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Pyrzak%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Gotoda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9175732
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Chapter six  

Conclusion and recommendations 

6.1-Conclusion  

1-Adolescents female obesity in Gaza strip falls in comparable range relative to other mid 

eastern populations (Obesity 8.7%, overweight 15.7%) in Jordan (Abu-Baker and 

Darabkeh, 2010), and differs from other populations. 

2-Obesity in our population represents a classical example of a multi-factorial 

 medical conditions with complex pattern.  

3-Significant risk factors for obesity in our population may be sub-classified under Genetic 

(homo-or-hetero-zygotes of GLN223ARG polymorphism, family history), and lifestyle 

factors (physical inactivity, psychological factors, and eating breakfast regularly), 

socioeconomic status (fathers job). 

4-Unexpestidly, other potential risk factors such as Diet, were not significantly contributing 

to the risk of being obese among our representative sample. 

6.2-Recommendations:  

As in all multi-factorial disorders, the effect of the non modifiable risk factors (Genetic) 

can be delayed or overcome by reducing the effect of modifiable ones  (lifestyle factors). 

Therefore we recommend : 

1- Increasing public awareness, particularly among adolescents in issues related to obesity 

and its future implications on health. 

2- Spreading the physical activity culture and emphasizing its role in reducing obesity as 

well as other associated medical conditions.  

3- Encouraging educational institutions such as schools and universities to become 

selective in presenting food stuff at their cafeterias and\or restaurants. 

4- Future studies are recommended to be performed in such an important populations to 

un cover other genetic risk factors for obesities among Palestinian populations.      
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Chapter Eight: 

Annexes 

Annex 1 :   Questionnaire 

 الرحيم الرحمن هللا بسم
دور عوامههههههل التغذيههههههةو نمههههههط الحيههههههاةووطفرة جههههههين اللبتههههههين  تقيههههههيم اسههههههتبانو

(Gln223Argعوامل مخاطرة للسمنة بين طالبهات ا, ) لمرحلهة المانويهة فهي قطهاع
 .فلسطين-غزة

 :.........................................................الطالب أمر ولي السيد

 من أرجو. اإلسالمية الجامعة في الحياتية العموم ماجستير برنامج في المسجمة جربوع حسن داليا| الباحثة أنا
 عوامل تأثير دراسة"  بعنوان الماجستير برسالة الخاصة االستبانة بتعبئة كمابن مشاركة عمى بالموافقة التكرم سيادتكم
 . الشكر جزيل ولكم"  غزة قطاع في الثانوية المرحمة طالبات لدى البدانة عمى والوراثة التغذية

 ....................التوقيع           أوافق ال □       أوافق □                         األمر ولي موافقة

  يموغرافية.المحافظة

 ................ المدرسي السجل في الطالب رقم..... ..............التاريخ  ..........اليوم........  المحافظة

 ................الميالد تاريخ

  ال □                                   ..................(  العمل نوع ما)  نعم□      يعمل؟ والدك ىل

 ال □                                   ...................(  العمل نوع ما)  نعم□    تعمل؟ والدتك ىل

 ال □  (  أكثر □ جامعي□  عامة ثانوية □عامة ثانوية من اقل□ تعميمو؟ نوع ما)  نعم□  ؟ متعمم والدك ىل

 ال □ (  أكثر □ جامعي□  عامة ثانوية □عامة ثانوية من اقل□ تعميميا؟ نوع ما)  نعم□ متعممة؟ والدتك ىل

 ال □                                              نعم□     .اعرف السمنة من عائمتك أفراد احد يعاني ىل

 : الجسدية القياسات-2

 (:.................9م|كجم)الجسم كتمة معامل(:  .............. م)الطول(: ......................   كجم)الوزن

 : الغذائي التقييم-3

 : الغذائية العادات*  

 أكثر□      6□      3□     9□     6□                                    اليوم؟ في تتناول وجبة كم

   المدرسي؟ الدوام أثناء عادة تتناول  ماذا

 ............حدد: أخرى □           حموى□           شيبس □           كريم ايس□         ساندويتش□
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  أبدا □        نادرا□        أحيانا□     دائما □                                    اإلفطار؟ وجبة تتناول ىل

  أبدا □        نادرا□        أحيانا□     دائما □                         التمفاز؟ مشاىدة أثناء الطعام تتناول ىل

  أبدا □        نادرا□      أحيانا□      دائما □                 الرئيسية؟ الوجبات بين خفيفة وجبات تتناول ىل

  ال □          نعم□                                      وزنك؟ عن راض أنت ىل

  ال □          نعم□                                  إنقاصو؟| زيادتو في ترغب ىل

  ال □          نعم□                      وزنك؟ لتقميل غذائية حمية إتباع حاولت ىل

 االستيالك مرات عدد حدد األغذية ىذه من: الغذائي المحتوى*

 األسبوع|مرة األسبوع| مرتين االسبوع| مرات 4-3 األسبوع| مرات 6-5 الطعام نوع

     فواكو

-شيبس-كريم ايس

 بسكويت-شوكوالتو

    

     غازية مشروبات

     شاي

     قيوة

     سريعة وجبات

 

 

 :البدني النشاط تقييم--6

 ال□          نعم□                                                                 الرياضة؟ تمارس ىل

 ال□           نعم□                                                المدرسية؟ الرياضة فرق في تشارك ىل

 أكثر □ ساعات .- 6ساعات 3-9 □ ساعة □ ساعة من اقل □  يوميا؟ التمفاز مشاىدة في تقضي ساعة كم

 أكثر □ ساعات .-6 □   ساعات 3-9 □   ساعة □   ساعة من اقل □ يوميا؟ الكمبيوتر تستخدم ساعة كم


