
 
AMERICAN UNIVERSITY OF BEIRUT 

 
 
 
 
 
 
 
 OBESITY AND ITS ASSOCIATION WITH 

SOCIOECONOMIC, DIETARY, LIFESTYLE, AND SLEEP 
CHARACTERISTICS IN LEBANESE URBAN ADULTS 

 
 
 
 
 
 
 
 

by LARA MOHAMMED ITANI 
 
 
 
 
 
 
 
 

A thesis 
submitted in partial fulfillment of the requirements  

for the degree of Master of Science 
to the Department of Nutrition and Food Sciences 
of the Faculty of Agricultural and Food Sciences 

at the American University of Beirut 
 
 
 
 
 
 
 
 

Beirut, Lebanon 
April 2016 



  





v 

ACKNOWLEDGMENTS 
 

I am forever grateful for God for giving me strength, determination, and 
perseverance to successfully fulfill my thesis. 

 
My recognition and gratitude are addressed to my advisor and mentor, Dr. Lara 

Nasreddine, for giving me this wonderful opportunity. Thank you for your constant 
guidance, supervision, advice, and patience.  

 
I would like to deeply acknowledge my co-advisors, Dr. Farah Naja and Dr. 

Hani Tamim, for their great assistance, insightful comments, efforts, and overall 
contribution to my thesis.  

 
Many thanks go to Mrs. Hikma Shoaib for her statistical guidance, patience, 

and generous assistance in my statistical analysis.  
 
Finally, I would like to express my profound gratitude to my beloved family 

and my friends for their continuous support, motivation, and faith. To mom and dad, 
thank you for always pushing me forward, I owe this all to you. 

 



vi 

AN ABSTRACT OF THE THESIS OF 
 
Lara Mohammed Itani   for Master of Science 
 Major: Nutrition 
 
 
 
Title: Obesity and its Association with Socioeconomic, Dietary, Lifestyle, and Sleep 

Characteristics in Lebanese Urban Adults. 
 
 
 
 

Background and objectives: The worldwide prevalence of obesity is increasing 
in developed and developing countries, reaching alarming levels in several parts of the 
world. Eastern Mediterranean is no exception to this trend, with the prevalence of 
obesity in its countries reaching high levels, exceeding at times those reported from 
developed countries. This study aims at assessing the prevalence of obesity amongst 
Lebanese adults residing in the Greater Beirut Area, and investigating the association of 
obesity with socioeconomic, lifestyle, dietary, and sleep characteristics.  

 
Methods: A representative cross sectional survey was conducted, in 2015, on 

Lebanese adults aged 18 years and older (n=501). A multi0component questionnaire 
inquiring about: socio-economic, lifestyle, dietary, and sleep characteristics was 
administered to study participants in a face – to – face interview. Dietary intake was 
assessed using an eighty - six -item FFQ, and sleep patterns were evaluated using the 
Berlin Questionnaire. Anthropometric measurements (weight, height, and waist 
circumference) were obtained using standardized techniques. Statistical analysis was 
done using SPSS 20 for Windows (SPSS Inc, Chicago, IL). Obesity was defined as BMI 
≥ 30 kg/m2. The association of obesity with socioeconomic, lifestyle, dietary, and sleep 
correlates was examined using univariate and multivariate regression analyses.  

 
Results: Findings of the current study estimated the prevalence of obesity at 

41.5% in Lebanese urban adults, with significantly higher estimate of obesity among 
females (70.7% for females vs. 29.3% for males; P<0.05). Obesity also showed 
significant associations with higher age, and lower SES (assessed by lower income and 
education status), lower physical activity levels, lower sleep duration and the presence 
of obstructive sleep apnea (OSA). When looking at dietary intake data, there was no 
association of obesity with energy and macronutrient intakes. Findings of the 
multivariate logistic regression showed a significantly higher risk of obesity for those: 
aged ≥ 40 years old (OR=2.24; CI=1.05 – 4.80), those who slept for short duration (< 7 
hours) (OR=1.8; CI=1.099 – 3.30), and those who had OSA (OR =4.8; CI=3.40 – 6.80). 
Significantly lower odds of obesity were reported for those who smoke (OR=0.56; 
CI=0.37 – 0.85) and those with a university degree (OR=0.33; CI=0.13 – 0.82).   

 
Conclusion: This study documented a high prevalence of obesity among 

Lebanese urban adults living in the Greater Beirut Area (41.5%). Findings of this study 
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showed a high prevalence of obesity among the study population (41.5%). This 
prevalence rate was higher than those reported in some MENA regions (Morocco, 
Tunisia, Algeria, Iran, Palestine, and Oman) and European countries (France, Italy, and 
England). This study has also identified specific factors associated with obesity in this 
population group, including higher age, lower SES, and low physical activity levels. In 
addition, this study is the firstto explore and demonstrate an association of sleep 
duration and sleep patterns with body weight and the risk of obesity amongst adults in 
Lebanon and the Eastern Mediterranean Region. Taken together, this study’s findings 
call for culture-specific intervention strategies for the promotion of physical activity,  
healthy lifestyle and sleep patterns amongst Lebanese adults, underline the importance 
of building culturally – appropriate, community-based interventions to help increase 
health awareness in Lebanon, especially among low SES individuals 
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CHAPTER I 
INTRODUCTION 

 
The worldwide prevalence of obesity has nearly doubled between 1980 and 

2008 and has been increasing ever since (WHO, 2014). According to the World Health 
Organization (WHO), more than 1.9 billion adults, 18 years and older, were overweight 
in 2014, of whom 600 million were obese. Accordingly, the WHO estimated that 39% 
of the adult world population are overweight and 13% are obese (WHO, 2014). 

Obesity is a public health problem that causes economic, physcosocial and 
critical medical obstacles for both developed and developing countries (Magee, 2008). 
Obesity is an important risk factor for non-communicable diseases (NCD) such as: 
coronary heart disease, diabetes, osteoarthritis, and metabolic related disorders 
(Kopelman, 2000). It is typically caused by an energy imbalance where energy input 
exceeds energy expenditure (EE). This causes excess body fat to accumulate to the 
extent that it may exert negative effects on health (WHO, 2014).Several factors can lead 
to positive energy balance and obesity, including: environment, genetics, and behavior 
(CDC, 2009). Dietary intakes and lifestyle-related factors including physical activity are 
recognized as important modulators of the energy balance equation and the risk of 
obesity. In addition, over the past decade, the rise in obesity has been increasingly 
linked to a reduction in sleep duration (Beccuti & Pannain, 2011). Sleep is an important 
part of the human biology where it plays an important role in determining human 
behavior. Sleep is important for three major body functions: 1). It protects the body at 
night when sensory capacity are down-regulated, 2). It gives the brain the time needed 
to gather important memories and experiences for learning, 3). It serves as energy 
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restoration period from daytime activities (Gerber, Brand, Holsboer-Trachsler & Pühse, 
2010).  The adequacy of sleep duration has been reported to exert an effect on weight 
regulation by possibly influencing eating patterns and appetite regulation (Kim, DeRoo 
& Sandler, 2011; Knutson, 2012). Growing evidence also show that sleep is an 
important modulator of glucose metabolism and neuroendocrine function. Sleep 
deprivationmay, therefore, alter metabolic and endocrine functions, including changes 
in appetite regulating hormones and a decrease in glucose tolerance(Beccuti & Pannain, 
2011).  In addition, obstructive sleep apnea (OSA), which causes “recurrent episodes of 
obstruction of the upper airway leading to sleep fragmentation and intermittent hypoxia 
during sleep” (Drager, Togeiro, Polotsky & Lorenzi-Filho, 2013), has been associated 
with increased risk of obesity.  

Evidence on the link between obesity and sleep has suggested from studies 
conducted in adults in the USA and European countries (Cappuccio, Taggart, Kandala& 
Currie, 2008). However, this association has not been identified in the Middle- East, a 
region that is characterized by one of the highest rates of obesity worldwide. In 
Lebanon, a study done by Nasreddine et al. documented a significant escalating trend in 
obesity over the past decade, whereby the prevalence of adult obesity was found to 
increase from 17.4% to 28.2%with the odds of obesity being two times higher in 2009 
compared to 1997 (Nasreddine, Naja, Chamieh, Adra, Sibai & Hwalla. 2012).  

Studies investigating factors associated with obesity in Lebanon are scarce, but 
available evidence suggests a nutrition transition in developing countries due to a higher 
pace of urbanization, modernization, and affluence as well as a dramatic shift in dietary 
habits and lifestyle (Chamieh, Moore, Summerbell, Tamim, Sibai & Hwalla, 2015; 
Sibai, Hwalla, Adra & Rahal, 2003). Gaining greater insight into factors that are 
associated with obesity within the country’s context is crucial for the development of 
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effective public health programs which aim to prevent and manage obesity (Chamieh et 
al., 2015; Nasreddine et al., 2014).The high disease burden of obesity in Lebanon 
highlights the need for rigorous investigations of its determinants, context-specific 
patterns and associated factors. The present study aims at examining the prevalence and 
correlates of obesity in a representative sample of adults living in Beirut, the capital of 
Lebanon. 

The specific objectives of the study are to:  
 Determine the prevalence of obesity in Lebanese adults living in Beirut.  
 Examine the association of obesity with socio-demographics, lifestyle, and 

dietary factors.  
 Investigate the association of obesity with sleep duration and sleep patterns.  
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CHAPTER II 
LITERATURE REVIEW 

 
A. Overview of Obesity 

The reasons behind the growing epidemic of obesity are complex and 
multifactorial. However, the main cause is the growing imbalance of energy input and 
EE that leads to the hyperplasia and hypertrophy of adipocytes (Otto & Lane, 2005). It 
is a major health burden which can contribute to several non-communicable diseases 
(NCD) such as cardiovascular disease (CVD), diabetes, hypertension (HTN), and other 
metabolic – related disorders (Table 1). Major causes of morbidity and mortality have 
been found to be liked to NCDs. In the Middle East, NCD represents more than 60% of 
the total annual death (Musaiger, 2011).  

Many factors such as genetics, environment, and behavior can lead to obesity 
(CDC, 2009). Although the contribution of genetics and environment to the etiology of 
obesity varies from one study to the other, it has been shown that 30 – 40 % can be 
attributed to genetics and approximately 70% to environment (Pi‐Sunyer, 2002). 
Increased consumption of energy dense foods high in sugar and saturated fat, and 
reduced physical activity (PA) may lead to obesity (WHO, 2011a). In a given 
population, it has also been suggested that some people are genetically predisposed to 
develop obesity. However, the expression of the genotype may occur under certain 
environmental conditions, such as sedentary lifestyles and high fat diets (Stunkard, 
1988).  
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Table 1. Metabolic abnormalities and disorders associated with obesity 
 Insulin resistance/ hyperinsulinemia  Osteoarthritis 
 Type 2 diabetes  Stroke 
 Hypertension  Asthma 
 Dyslipidemia  Sleep apnea 
 Coronary heart disease  Breathing difficulties 
 Gallbladder disease  Complications of pregnancy 
 Cancer (prostate, endometrial, uterine, cervical, 

ovarian, colon, kidney, gallbladder, and 
postmenopausal breast) 

 Menstrual irregularities 

 Premature death  Hirsutism 
  Increases surgical risk 
  Psychological distress 
Source: Pi‐Sunyer, F.X. (2002). “The obesity epidemic: pathophysiology and 
consequences of obesity”. Obesity Research 10(S12), 97S-104S.  

 
 
In addition to excess body weight, the pattern of fat distribution may also 

increase the risk of these disorders. 
 

B. Assessment of Obesity 
Both direct and indirect methods have been used to assess overweight and 

obesity. Direct methods are used extensively in research to assess body fat (Barreira et 
al., 2012). Such methods include: multi-frequency bioelectrical impedance analysis 
(BIA), dual energy X-ray (DEXA), the magnetic resonance imaging, and underwater 
weighing (densitometry). For practical reasons, indirect methods have been suggested 
for clinical and epidemiological settings. Such methods include anthropometric 
measurements such as body mass index (BMI), waist circumference (WC) and skin fold 
thickness (Dehghan, Akhtar-Danesh& Merchant, 2005; Lobstein, Baur, & Uauy, 2004).  

 



 

1. Body Mass Index 
According to the World Health Organization (WHO), the most commonly used 

method to classify overweig
following equation: 

BMI value increases (Han, Sattar 
Studies have shown how BMI can be positively associated with adiposity, 

mortality, and cardiovascular risk factors 
Most relevant literature has defined overweight as a BMI between 25.0 and 29.9 kg/m
and obesity as a BMI of 30.0 kg/m
not been shown to accurately measure body fat in muscular, short, or tall people 
(Lobstein et al., 2004). However, at a population 
useful method by the WHO to measure the obesity prevalence and its associated health 
risks (WHO, 2000). 

 
 

Table 2. 
Classification Body Mass Index 
Underweight 
Normal 
Overweight 
Obese 
Class I 
Class II  
Class III 
Source: a (WHO, 1995; WHO, 2000b (Tchernof & Després, 2013)
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According to the World Health Organization (WHO), the most commonly used 
method to classify overweight and obesity is the BMI. BMI is calculated using the 

 (WHO, 1995). Body fat is suggested to increase as the 

(Han, Sattar & Lean, 2006).  
Studies have shown how BMI can be positively associated with adiposity, 

mortality, and cardiovascular risk factors (Barreira et al., 2012; Taylor et al
Most relevant literature has defined overweight as a BMI between 25.0 and 29.9 kg/m
and obesity as a BMI of 30.0 kg/m2 or above (Table 2). At an individual level, BMI has 
not been shown to accurately measure body fat in muscular, short, or tall people 

. However, at a population level, BMI has been recognized as a 
useful method by the WHO to measure the obesity prevalence and its associated health 

. Health risk classification according to BMI 
Body Mass Index Categorya 

(kg/m2) 
Risk of Developing Health 

Problems
< 18.5 Increased

18.5-24.99 Least
25.0 – 29.99 Increased

≥ 30 ≥ 30
30.0 – 34.9 High
35 – 39.9 Very high

≥ 40 Extremely high
WHO, 2000; WHO, 2004) 

(Tchernof & Després, 2013) 

According to the World Health Organization (WHO), the most commonly used 
ht and obesity is the BMI. BMI is calculated using the 

(WHO, 1995). Body fat is suggested to increase as the 

Studies have shown how BMI can be positively associated with adiposity, 
et al., 2010). 

Most relevant literature has defined overweight as a BMI between 25.0 and 29.9 kg/m2 
or above (Table 2). At an individual level, BMI has 

not been shown to accurately measure body fat in muscular, short, or tall people 
level, BMI has been recognized as a 

useful method by the WHO to measure the obesity prevalence and its associated health 

Risk of Developing Health 
Problemsb 
Increased 

Least 
Increased 

≥ 30 
High 

Very high 
Extremely high 
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2. Waist Circumference 
Since BMI is not entirely reflective of body fat, other studies have proposed 

WC as a simple and practical measurement. WC has been found to correlate better with 
visceral fat deposits than with BMI as it measures the absolute amount of abdominal fat. 
The main limitation in WC is that there is no universal cutoff point for gender and 
various ethnic-groups. As per the International Diabetes Foundation (IDF), abdominal 
obesity is defined as a WC ≥90 cm in men and ≥ 80 cm in women for Asia- Pacific 
countries (IDF, 2005). Table 3 shows the stratified WC according to gender and ethnic 
groups. People with a large WC are more likely to suffer from health risks, including 
shortness of breath, features of metabolic syndrome (such as hypertension, 
dyslipidemia, and diabetes), as well as poor quality of life (Han et al., 2006). 

 
 Table 3. Ethnic-specific values for central obesity according to waist circumference by 

organization 
 
Country/ethnic group Waist Circumferencea 

(in cm) 
Organizationb 

(Reference) 
Men Women 

Europids ≥ 94 ≥ 80 IDF 
Asian ≥ 90 ≥ 80 IDF & WHO 
Chinese ≥ 90 ≥ 80 Cooperative Task Force 
Japanese ≥ 85 ≥ 90 Japanese Obesity Society 
Eastern Mediterranean and 
Middle East (Arab) populations 

≥ 94 ≥ 80 IDF 
Sub – Saharan African  ≥ 94 ≥ 80 IDF 
Source:  a (IDF, 2005) b (Alberti et al., 2009) 

 
 
Based on the IDF, The European data for WC cutoff points are assigned for the 

Mediterranean and Middle Eastern population as no specific data is available for this 
ethnic group. 
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3. Percent Body Fat 
Percent body fat (% BF) is defined “as the proportion of individual fat mass 

over body weight” (Zeng, Dong, Sun, Xie& Cui, 2012). Some studies show that % BF 
is more accurate when it comes to assessing body composition as compared to BMI 
(Houtkooper, Lohman, Going & Howell, 1996; Ling et al., 2011). According to the 
Asian BMI criteria and U.S. National Institutes of Health criteria, it has been stated that 
obesity corresponds to % BF >25 in males and >35 in females (Wen, David Cheng, 
Tsai, Chan, Hsu, Hsu& Eriksen, 2009). However, it has also been suggested that no 
linear relationship exists between BMI and % BF, where a high % BF does not always 
mean a high BMI, and vice versa (Adams et al., 2007; Meeuwsen, Horgan& Elia, 
2009).  

% BF is usually assessed using indirect methods like BMI and skinfold 
thickness measurements or direct methods like: DEXA and BIA.Several regression 
equations are suggested in the literature for the purpose of calculating the percent body 
fat from skinfold measurement. In epidemiological studies, skinfolds are often used the 
most to assess total body fat. The most common skinfold measurements include: the 
upper arm (biceps and triceps), above the iliac crest (suprailiac), and under the scapula 
(subscapular). The main disadvantage of this method is that subjects need to be partially 
undressed. In obese subjects, the measurement errors are larger since they are rather 
difficult to measure (Deurenberg & Yap, 1999).  

DEXA and BIA are two frequently used methods for the quantification of body 
composition. The DEXA technique is widely applicable clinically as it allows 
concurrent quantifications of soft tissue body composition and bone mineral content. It 
has been validated against several reference standards and has been accepted as being a 
precise and accurate technique in assessing body composition (Prior et al., 1997). 
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However, one of its main limitations is its high cost. Furthermore, the DEXA procedure 
also requires subjects to remain motionless which may cause a burden to some patients 
(Ling et al., 2011).  

Another technique used to assess body fat is the BIA. It has been shown to be 
non-invasive, simple, easily accessible, and requires minimal intra and inter-observer 
variability. It gives reliable and reproducible results with less than 1 % error on repeated 
measurements (Diaz, Villar, Immink & Gonzales, 1989; Segal et al., 1991). A study 
done by Heitmann on adults (n = 139) compared the difference between some % BF 
measurements such as: skinfold thickness measurements, anthropometrics like BMI and 
WC, and BIA. All measurements predicted body fat equally as well; however the BIA 
was shown to have significantly lower variability of estimates, making it more accurate 
than other methods (Heitmann, 1990).  

 
C. Prevalence of Obesity 

The prevalence of obesity varies from one country to the other due to different 
factors such as lifestyle and socioeconomic status (SES) (Chamieh et al., 2015). A 
global study done in 2013 showed that worldwide obesity prevalence rose by 27.5% for 
adults and 47.1% for children between the years 2008 to 2013. Overall BMI of 25 
kg/m2 or greater between 1980 and 2013 has increased from 28.8% to 36.9% in men 
and from 29.8% to 38% in women (Ng et al., 2014). The prevalence of obesity in many 
developed countries is high estimated at 33% in the U.S., 26.9% the United Kingdom, 
26.6% in Spain, 19.6% in Italy, 18.6% in Sweden, and 18.2% in France (Ng et al., 
2014).  

High obesity prevalence among adults in the Arab countries has also been 
documented.  It has been estimated, according to the WHO NCD Arab country profile, 
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that 31.4% of men and 54.2% of women are either overweight or obese. The lowest 
prevalence was found in Oman (20.9%), while increasing in the following countries: 
United Arab Emirates (32.7%), Bahrain (32.9%), Saudi Arabia (33%), Qatar (33.2%), 
and Kuwait (42%) having the highest obesity prevalence of them all (WHO, 2011b).  

In Lebanon, a trend analysis done by Nasreddine et al. (2012) highlighted an 
alarming increase in obesity prevalence among Lebanese adults aged ≥ 20 years. The 
study showed how obesity rates among adults have almost doubled from the year 1997 
to 2009 from 17.4% to 28.2% (Nasreddine et al., 2012). Gender differences in obesity 
have also been documented in Lebanon whereby women aged more than 50 years 
showed higher prevalence rates than men (Chamieh et al., 2015).  

 
D. Pathophysiology of Obesity 

A curvilinear relationship between BMI and medical difficulties has been 
observed. Such complications occur when BMI ranges between 30 – 40 kg/m2 (Bray, 
1992).  It has been currently accepted that obesity promotes a state of low – grade 
inflammation caused by adipocyte hypertrophy, hypoxia, and oxidative stress via the 
production of excessive pro-inflammatory cytokines such as: TNFα, IL-6, plasminogen 
activator inhibitor-1 (PAI-1)  (Van Greevenbroek, Schalkwijk& Stehouwer, 2013). 
Insulin- sensitizing anti- inflammatory hormones such as adiponectin may also decrease 
due to excess visceral fat deposits. Several studies highlighted the association of obesity 
with IR, hyperglycemia, hypertension (HTN), dyslipidemia (DL), and diabetes mellitus 
DM, thus all leading to cardiovascular and metabolic diseases (Figure 1). Some studies 
suggested excess visceral fat to be associated with dysregulation of adipokines (such as 
leptin, ghrelin, and adiponectin), which may have an important role in the 
pathophysiology of obesity and CVD (Diaz-Melean et al., 2013).  
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It has been shown that a high energy intake may lead to an increase in 
triglyceride (TG) storage in the adipose tissue. Findings suggest that the size of the body 
fat cell increases as body weight increases. When the maximum size has been reached, 
more adipocyte cells are required to accommodate for the increase in TG. This increase 
in TG leads to an increase in cholesterol production. High cholesterol production may 
increase cholesterol secretion in the bile which can increase gallstone formation, 
causing the development of gallbladder disease. High TG levels may also reduce high 
density lipoprotein (HDL) cholesterol which may account for an elevated risk for CVD 
in obese patients (Bray, 1992). 

 
 

 Fig. 1. Pathophysiology of obesity - consequences of increased energy intake and 
reduced PA 
Source: G.A. Bray, (1992). “Pathophysiology of obesity”. The American Journal of 
Clinical Nutrition 55(2), 488S-494S.  
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1. Obesity and Insulin Resistance 
Several studies have suggested how a reduction in insulin sensitivity may be 

associated with obesity through increased secretion of non- esterified fatty acids 
(NEFA), glucose in circulation, specific hormones, pro-inflammatory cytokines, 
glycerol, and other factors linked to the development of IR. Intra- abdominal or visceral 
fat has been shown to have the closest link to IR. Enhanced  IR and hyperinsulinemia 
may lead to pancreatic failure, causing DM (Pi‐Sunyer, 2002).  

An increase in inflammatory cytokines (TNF, IL-6, CRP) may decrease insulin 
signaling causing an increase in glucose in circulation. An increase in food intake 
occurs due to a decrease in glucose uptake; thus leading to: weight gain, a decrease in 
the inhibition of hepatic glucose production and efficiency of glucose uptake in the 
muscles causing hyperglycemia, and an increase in lipolysis in the adipose tissue 
causing an increase in NEFA. All those mechanisms may result in the development of 
IR (Figure 2).  

 
 

 Fig. 2. The induction of reactive oxygen species (ROS) generation and inflammation 
(NF-kB activation) by macronutrient intake, obesity, free fatty acids, leptin, infection, 
smoking, mental stress and genetic factors. Interference with insulin signaling (insulin 
resistance) leads to hyperglycemia and pro-inflammatory changes. 
Source:Dandona, P., Aljada, A. & Bandyopadhyay, A. (2004). “Inflammation: the link 
between insulin resistance, obesity and diabetes”. Trends in Immunology 25(1), 4-7.  
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A theory, known as the Portal Theory, suggests how excess visceral fat may 
stimulate the release of NEFA which may lead to IR via the liver. High NEFA levels 
may increase hepatic glucose production, eventually causing glucose intolerance. It may 
also lead to an increase in hepatic very low density protein (VLDL) triglyceride 
secretion which potentially impairs postprandial lipid metabolism. Excess fatty acids 
may compete with glucose for substrate oxidation. This competition results in the 
accumulation of glucose-6-phosphate, thus causing a decrease in glucose uptake by the 
muscle and the adipose tissue, further contributing to IR.  

 
2. Obesity and Displipidemia 

It has well been stated that IR and hyperinsulinemia may cause several 
alterations in the lipid profile (Marinou, Tousoulis, Antonopoulos, Stefanadi, & 
Stefanadis, 2010). Excessive NEFA levels, as previously discussed, may result in 
increased hepatic lipogenesis which may cause high TG, VLDL, and ApoB production 
(Bamba & Rader, 2007). IR and hyperinsulinemia in obese individuals may impair 
lipoprotein lipase activity and enhance cholesteryl ester transfer protein (CETP) causing 
a reduction in HDL levels.  

The figure below shows the schematic description of proposed relationships 
between IR to insulin-mediated glucose disposal, compensatory hyperinsulinemia, and 
multiple consequences causing increased TG, decreased HDL, and increased blood 
pressure; leading to coronary heart disease(Reaven, 1995).  
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 Fig. 3. The suggested pathophysiology of hyperinsulinemia leading to dyslipidemia 
Source:Reaven, G.M. (1995). “Pathophysiology of insulin resistance in human disease”. 
Physiological Reviews 75(3), 473-486.  

 
 

3. Obesity and Hypertension 
A linear relationship has also been seen between hypertension and BMI. In the 

Nurses’ Health Study, 41,541 subjects were studied to determine the risk of developing 
hypertension with increasing BMI (Ascherio et al., 1996).  The relative risk was 4.8 for 
those with a BMI higher than 32 kg/m2. Similarly, subjects with a large WC were twice 
as likely to develop hypertension (Okosun, Chandra, Choi, Christman, Dever & Prewitt, 
2001). Development of hypertension in obese subjects is caused by several mechanisms 
but it is mainly characterized by an increase in vascular volume. Those mechanisms 
include: changes in Na+/ H+ - ATPase activity, increased renal sodium and water 
absorption, changes in growth factor – mediated structural changes, and activation of 
the sympathetic nervous system (Pi‐Sunyer, 2002). 

 
4. Obesity and Neuroendocrine Factors 

The adipose tissue is an endocrine and paracrine organ responsible for the 
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production of bioactive molecules (IL-6 and TNF- α) and immunomodulators (leptin 
and adiponectin). Studies have suggested excess visceral fat to be associated with the 
dysregulation of certain adipokines such as leptin, adiponectin, and ghrelin. Adipokines 
are important for energy homeostasis and may contribute to IR, HTN, DM, thrombosis, 
and inflammation (Diaz-Melean et al., 2013).  

 Leptin 
Leptin is produced in proportion to fat stores and is an important appetite 

regulator where it suppresses food intake and increases EE. Leptin has been found to 
increase in obese individuals causing leptin resistance, which is “the failure of high 
levels of leptin in obese individuals to suppress feeding and prevent or mitigate obesity” 
(Myers, Cowley, & Münzberg, 2008). Leptin resistance has been linked to the 
disruption of several mechanisms in obese individuals. It induces CRP expression, 
which has been found to be an independent risk factor for metabolic and cardiovascular 
disease, and increases oxidative stress which contributes to the development of 
atherosclerosis (Diaz-Melean et al., 2013). It has also been shown to cause HTN by 
activating the sympathetic nervous system and reducing nitric oxide levels responsible 
for vasodilation. This causes an increase in blood pressure eventually leading to HTN.  

 Adiponectin 
Adiponectin, also synthesized by the adipose tissue, is inversely associated 

with CVD. High levels of adiponectin play an important cardioprotective role which is 
exerted through multiple pathways. Some of these pathways include: reducing the 
expression of pro-inflammatory cytokines, increasing cholesterol efflux from 
macrophages, and enhancing insulin sensitivity. Adiponectin levels have been found to 
be low in individuals with excess visceral fat, thus increasing the risk of CVD (Diaz-
Melean et al., 2013).  
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 Ghrelin 
Ghrelin, an appetite stimulating hormone, is produced by the stomach and is 

important for energy balance. Its secretion depends largely on the nutritional status. 
Studies have shown plasma ghrelin levels to be inversely correlated with BMI. Data 
revealed ghrelin levels to be significantly decreased in obese and overweight subjects 
but remain low after food intake compared to lean subjects (Tschöp, Weyer, Tataranni, 
Devanarayan, Ravussin & Heiman,2001; Williams, Grill, Cummings& Kaplan, 2006). 
This demonstrates a smaller post – prandial reductions in ghrelin levels following a 
meal in obese subjects, leading to a reduced feeling of satiety and increased food intake, 
thus causing weight gain (Daghestani, 2009; Le Roux, Patterson, Vincent, Hunt, Ghatei 
& Bloom 2005). 

Orexigenic hormones including neuropeptide Y, melanin-concentrating 
hormone, agouti-related protein, and orexin are all stimulated upon ghrelin release. It 
has been shown to have an inhibitory effect on anorexigenic hormones such as pro-
opiomelanocortin, corticotropin-releasing factor (CRF). 

 
5. Obesity and Metabolic Syndrome 

The metabolic syndrome (MetS) is a complex cluster of inter-related risk 
factors for CVD and DM. The MetS is closely linked with excessive adiposity. The 
pathophysiology of MetS seems to be attributable to IR and excess NEFA flux which 
may increase the inflammatory response in the body (Eckel, Grundy, & Zimmet, 2005). 
Risk factors leading to the metabolic syndrome include: HTN, DL (high TG and low 
HDL), increased fasting glucose and central obesity (Alberti et al., 2009). Individuals 
with metabolic syndrome are five times more likely to develop DM. It is important to 
note that the pathways related to the metabolic syndrome have not yet been fully 
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identified. 
 

E. Factors Associated with Obesity 
Obesity and weight gain result from the cumulative effect of a positive energy 

balance. Determinants known to cause weight gain include but are not limited to: diet 
and physical inactivity, family history of obesity, genetics, education, SES, etc. (Zhang 
& Hu, 2012). More recently, a role for sleeping patterns and duration has also been 
suggested in the etiology of obesity.  

 
1. Diet 

It has been shown that the strongest evidence for an increased risk of obesity is 
a diet high in fat or low in fiber(Lindström, Peltonen, Eriksson, Louheranta, Fogelholm, 
Uusitupa & Tuomilehto, 2006). When compared to protein or carbohydrate, dietary fat 
is more readily stored in the body as fat with minimal energy cost required to convert it. 
Moreover, the proportion of carbohydrate in the diet varies reciprocally with fat. 
Evidence relating the intake of sugar to weight change is inconsistent and may be partly 
due to the various sources of sugar found in the diet including milk, fruit, as well as 
“added” sugar (Hill & Prentice, 1995). Moreover, a smaller contribution to total energy 
is found in protein when compared to fat and carbohydrates. In some observational 
studies, a high protein intake has been correlated with a decrease in weight gain due to 
an increase in satiety cues (Westerterp-Plantenga, Lejeune, Nijs, Van Ooijen & Kovacs, 
2004). 

High fiber intake has been shown to assist in weight loss and is negatively 
correlated with BMI and weight gain when compared to a low fiber intake (Howarth, 
Saltzman& Roberts, 2001; Koh-Banerjee et al., 2004; Liu, Willett, Manson, Hu, Rosner 
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& Colditz, 2003). Fiber has been shown to increase satiety and decrease total energy 
intake (Pereira & Ludwig, 2001). It delays gastric emptying and the rise in postprandial 
glucose and insulin responses. It has also been found to impact gut hormones involved 
in appetite regulation, such as cholecystokinin.  

Some evidence shows the importance of other specific foods like fruits and 
vegetables which have a modest protective effect on obesity (He, Hu, Colditz, Manson, 
Willett & Liu,  2004; Kahn, Tatham, Rodriguez, Calle, Thun & Heath , 1997). 
Consuming moderate amounts of nuts with the diet was also shown to cause lower body 
weight (Sabaté, 2003). In addition, a positive correlation between sugar – rich beverages 
and poor satiety and weight gain has also been found (Malik, Schulze & Hu, 2006; 
Mattes & Rothacker, 2001).  

 
2. Physical Activity 

In addition to diet, PAalso plays an important role in maintaining energy 
balance and weight control. Rapid increasing rates of obesity reflect both a lack of 
energy balance and a decrease in EE. Therefore, it is reasonable to assume that 
individuals with high EE are less likely to gain weight over time, compared with those 
who have low EE (Haskell et al., 2007). Sedentary behavior increases the risk of several 
chronic diseases like CVD, DM, HTN, etc. (Owen, Leslie, Salmon & Fotheringham, 
2000).  Recent recommendations focus on engaging in at least 30 minutes of moderate - 
intensity physical exercise, preferably all days of the week (Pate et al., 1995).  

A global study done by Hallal et al. studied the PAof 122 countries. Results 
showed the overall prevalence of physical inactivity worldwide for adults to be 31% 
(Hallal et al., 2012). Wide variations in the prevalence of physical inactivity were seen 
in different regions: U.S (43%), Eastern Mediterranean (43.2%), Europe (34.8%), 
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Western Pacific (33.7%), Africa (27.5%), and South – East Asia (17%) (Hallal et al., 
2012). A study done in Lebanon found the prevalence of physical inactivity among 
adults to be 52.1%(Sibai et al., 2003). These rates have been found to be higher than 
those reported in the U.S and European Union.  

 
3. Sleep as a Risk Factor for Obesity 

Sleep is an integral part of human survival as it occupies about one third of 
adult life. The definition of normal human sleep is described as “a state of perceptual 
disengagement from and unresponsiveness to the environment” (Acebo, Sadeh, Seifer, 
Tzischinsky, Hafer & Carskadon, 2005).  Sleep plays an important role in contributing 
to better physical and mental health. The importance of sleep to survival has been 
demonstrated in several human studies where a lack of a good sleep results in a variety 
of cognitive and negative health issues. Several findings have found a link between 
sleep duration and mortality (Kripke, Garfinkel, Wingard, Klauber & Marler, 2002). 
According to Nieminen et al., adequate and quality sleep are important for the 
sustainability of body homeostasis, the secretion of growth hormone, and thus the 
development of the child ( Nieminen, Löppönen, Tolonen, Lanning, Knip & Löppönen, 
2002).  

Insufficient sleep has been found to be linked with different types of health 
problems including:  obesity, altered emotions, and impaired cognitive function (Nixon 
et al., 2008; Patel & Hu, 2008; Touchette, Petit, Séguin, Boivin, Tremblay & 
Montplaisir, 2007). As previously stated, it has been recently suggested that the rise in 
obesity may be linked to a reduction in sleep duration. A study done by National Sleep 
Foundation (NSF) concluded that adults today sleep on average of 6 hours and 40 
minutes on weekdays and 7 hours and 25 minutes on weekends, while in 1960 they 
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slept on average of 8.5 hours (Leproult & Van Cauter, 2010). According to NSF, a 
reduction in the hours of sleep (for 8 hours or more on weekends) has been observed in 
the U.S., where the sleeping rate has decreased from 61% in 2001 to 52% in 2002 and 
49% in 2005.   

The below section provides a brief overview on sleep, its measurements, as 
well as the stages of sleep and the accepted views regarding sufficient sleep duration. 
This section is then followed by another one focusing on the link between sleep and 
obesity. It is important to note that the precise physiological functions of sleep and the 
adequacy of sleep remain unclear and needs further investigation. 

 
F. Physiology of Sleep 

It was previously believed that brain activity diminishes during sleep. Recent 
findings, however, have suggested that sleep is a highly complex behavior accompanied 
by recurring alterations in the brain activity. It has been studied that 4-5 sleep cycles 
occur in one night of sleep; each cycle consist of approximately 90 minutes in duration. 
Sleep has been traditionally divided into two main stages: the rapid – eye movement 
(REM) sleep and non-REM (NREM) sleep. Both stages differ in their physiological and 
neurological functioning e.g. heart rate, sympathetic nerve activity and respiration, brain 
activity, and muscle toning (Acebo et al., 2005). Prior to that phase, brief periods of 
wakefulness occur in 60 to 90 minutes sleep cycles (Carksdon MA, 1994).  

The NREM sleep is subdivided into 3 stages: N1, N2, and N3, each 
representing the depth of the sleep (Silber et al., 2007). Stage 1 (N1) NREM serves as a 
transitional phase between wakefulness and sleep. Stage 2 (N2) is considered somewhat 
deeper than stage 1 (N1), while stage 3 (N3) occurs mostly during the first third of the 
night and then reduces later in the sleep cycle. It is known as the slow wave sleep and is 
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significant in the recovery from the previous day (Silber et al., 2007). After NREM 
phases finishes, it shifts into REM sleep which occurs in the latter parts of the sleep.  

Rhythms, known as the circadian rhythms, are generated by neural structures in 
the hypothalamus (Dunlap, Loros& DeCoursey, 2004). They are known to regulate the 
sleep- wake cycle, nutritional intake, modulate physical activity, and control several 
bodily functions (hormone secretion, heart rate, or temperature).  It has been suggested 
that the duration of sleep changes with age (Figure 4). Newborn babies may sleep up to 
18 hours per day, and the duration begins to decline throughout childhood and 
adolescence, reaching up to 7 to 8 hours of sleep in adulthood. The NSF recently 
developed age-specific guidelines for sleep duration according to systematic review of 
the scientific literature relating sleep duration to health, performance, and safety. NSF 
recommends 7 to 9 hours of sleep for young adults (aged 18 – 25 years) and adults 
(aged 26 – 64 years), and 7 to 8 hours for older adults (aged ≥ 65 years) (NSF, 2015). 

 
 

 Fig. 4. Total sleep duration according to age in humans 
Source:Arora, T. (2012). “Sleep and its association with metabolic function across the 
lifespan”. University of Birmingham.    
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1. Sleep and its Measurements 
Methods used to collect data on sleep and its disorders include subjective tools 

such as sleep logs, self – reported questionnaires, and sleep diaries, and objective tools 
such as polysomnography (PSG) and actigraphy. When using subjective assessment 
tools, there is a trade-off between quality and quantity of data collected due to 
individual burden (Iwasaki, Iemura, Oyama & Matsuishi, 2010). It is recommended that 
the survey should take less than 20 minutes to prevent individuals from carelessly 
responding (Rothman, 1998) .Well-known sleep questionnaires include: the Epworth 
Sleepiness Scale, Pittsburg Sleep Quality Index, and the Berlin Questionnaire 
(Lauderdale, Knutson, Yan, Rathouz, Hulley, Sidney & Liu, 2006). It is important to 
note that subjective sleep tools are easy for subjects to complete and are cost efficient. 
They may capture vital data such as sleepiness, tiredness, and sleep quality (Lauderdale 
et al., 2006).  

The gold standard for measuring sleep is the use of the PSG. PSG is used in a 
research setting in a sound proof, completely dark, and climatized room. It involves 
several electrodes attached to an individual while sleeping overnight. It may provide 
information about the quality of sleep through different physiological measurements. 
Such measurements include: cardiac monitoring, snoring, and respiratory monitoring 
(Jafari B, 2010). PSG can provide the following results: sleep period time, duration of 
each stage, number of arousals, sleep efficiency, wake time after sleep onset, and the 
total sleep time. One main disadvantage of PSG is the fact that it may disturb normal 
sleep patterns, especially in children (Iwasaki et al., 2010). Furthermore, actigraphy has 
also been able to measure sleep. Actigraphy can measure a subject’s movement activity 
though a wrist- worn device. Examples of actigraphy devices include the following: 
Actical, ActiTrainer, ActiSleep, Actiwatch, and Sleepwatch. The device can be worn for 
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up to one week.  One main disadvantage of the actigraph is that it makes it hard to study 
individuals with movement related sleep disorders as is it cannot tell the difference 
between being awake without movement and sleeping without movement (Yi, Shin& 
Shin, 2006). It also cannot provide information about sleep quality and depth (Miwa, 
Sasahara & Matsui, 2007). Table 4 provides the advantages and limitations of the 
various sleep techniques discussed above. 

 
 

Table 4. The advantages and limitations of the various techniques used to measure sleep 
Sleep measure  Advantages  Limitations 
Questionnaire   Inexpensive  Quick to administer  Can be administered to large 

populations  Less labour intensive  Some have been validated against 
objective sleep techniques  Can enquire about numerous sleep 
parameters 

 Subjective  Recall bias  Variable response rates  Inaccurate for detecting sleep 
disorders  Only provides cross sectional 
data  May have missing data  May report time in bed (TIB) 
rather than total sleep time 
(TST) 

Sleep/time diary  Can obtain longitudinal data  Can obtain detailed  information on other sleep variables 
(time in bed [TIB], total sleep time 
[TST], nighttime awakenings, naps, 
sleep quality)  Inexpensive  Quick to administer  Allow data collection from large 
samples  Less labour intensive (researcher) 

 Fatigue  Recall  Failure to complete or return  May have missing data  Labour intensive (participant)  Requires participant 
motivation for completion 

Polysomnography 
(PSG)  Accurate for various sleep parameters  Objective  Defines sleep architecture  Determines brain activity and other 

physiological measures  Can determine sleep disorders  Can be combined with other 
physiological measures (hormone 
sampling under controlled conditions) 

 Expensive  May not capture usual sleep 
due to equipment and/or 
environment (1st night effect)  Requires experienced 
technicians to score  Invasive  Uncomfortable  Unsuitable for long-term 
assessment  Inter/intra observer variation 
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“Table 4 –Continued” 
Sleep measure  Advantages  Limitations 
Actigraphy  Objective  Can be used in free-living conditions  Can provide data over prolonged 

period  Inexpensive compared to PSG  Non-invasive 

 Does not determine sleep 
architecture  Only provides sleep estimates  Some are not waterproof  No physiological measures to 
determine sleep  Needs accompanying 
accurate sleep diary  May overestimate sleep 
because of inactivity  Several different software and 
cut-points for analysis 

Source:Arora, T. (2012). “Sleep and its association with metabolic function across the 
lifespan”. University of Birmingham. 

 
 

2. Causes and Consequences of Sleep Restriction 
Sleep restriction has become globally prevalent due to certain influences such 

as: environment, diet, health conditions, smoking, caffeine and alcohol consumption, 
technology use, and work shifts. In addition, other factors that influence sleep include: 
age, sex, and physical and psychological health. A review done by Banks & Dinges 
(2007) suggested that sleep restriction in adults may lead to several negative health 
effects such as: elevated blood pressure, hormonal changes (reduced leptin and 
increased ghrelin), altered inflammatory markers, reduced glucose tolerance, reduced 
PAand increased energy intake, all leading to an increase in obesity and mortality 
(Figure 5).  

A poll done by NSF (2011) concluded that 95% of the respondents reported to 
use technology at least one hour before going to bed for a few nights per week. Using 
techonology (such as cell phones, computers, televisions, and videogames) before going 
to bed has been shown to provide stimuli that keeps people awake past their natural bed 
time. A study done by Goel et al. (2009) showed the effects of sleep deprivation on the 
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body, such as increased reaction time and decreased ability to retain information 
properly and to hold attention (Goel, Rao, Durmer& Dinges, 2009).  

 
 

 Fig. 5. The potential mechanisms through which short sleep duration could result in 
obesity 
Source:Hosseini Araghi, M. (2014). “The association between sleep and obesity and its 
impact on health and wellbeing”. University of Birmingham.    

 
 
A recent study done in Australia on 20,000 young adults (aged 17 to 24 years) 

found that short sleep duration was linearly associated with continuous psychological 
stress (Glozier et al., 2010). The Centers for Disease Control (CDC) found that people 
who slept less than 6 hours per day, in the US, were more likely to engage in risky 
health behaviors than people who slept for 7 to 8 hours (Schoenborn & Adams, 2010).  
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G. Overview of Sleep Restriction and Obesity 
1. Determinants of Chronic Sleep Restriction 

Unlike acute total sleep deprivation which is the absence of sleep for a 
minimum of 24 hours, chronic sleep restriction is more common and is often defined as 
“habitual sleep durations that are less than 7 hours, and more than 4 hours, a 
night”(Dinges, Rogers & Baynard, 2005). Chronic sleep restriction has been currently 
identified as a health concern because it is associated with several health conditions 
such as depression, HTN, DM, obesity, and increased mortality (Heslop, Smith, 
Metcalfe, Macleod & Hart, 2002; Hublin, Partinen, Koskenvuo& Kaprio, 2007).  

A combination of different factors can potentially affect sleep duration: socio-
demographic, behavioral, environmental, health, and genetics (Magee, Huang, Iverson 
& Caputi, 2010). Socio-demographic factors like lower education level, lower income, 
and increased age has all been identified as strong predictors of chronic sleep 
restriction. Smoking, excessive alcohol intake, reduced PA, long working hours, 
increased television viewing has also been found to be associated with short sleep 
duration. People with chronic diseases like diabetes and CVD, mental conditions like 
depression and stress may also reduce sleep duration (Krueger & Friedman, 2009; 
Magee, Iverson & Caputi, 2009).   

There are different processes though which chronic sleep restriction could 
contribute to obesity. Those pathways include: 1). glucose regulation, 2). 
neuroendocrine and metabolic pathways, and 3). waking behavior including eating and 
PA (Figure 6).  
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 Fig. 6. Schematic representation of the pathways linking chronic sleep restriction to 
obesity 
Source:Magee, C.A., Huang, X.-F., Iverson, D.C. & Caputi, P. (2010).  “Examining the 
pathways linking chronic sleep restriction to obesity”.  Journal of Obesity.  

 
 

2. Obesity and Sleep Disorders 
The International Classification of Sleep Disorders listed more than 80 

different sleep disorders dividing into 8 categories. Those categories include sleep 
disordered breathing/apnea, insomnia, and sleep- related movement disorders. All these 
disorders result in a reduced sleep duration and quality, thus causing weight gain and 
adiposity.  

 
3. Obesity and Obstructive Sleep Apnea 

One of the major risk factor causing the development and progression of 
obstructive sleep apnea (OSA) is obesity. It has been shown that the connection 
between OSA and obesity involves a two – way relationship, one is the implications of 
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OSA contributing to obesity and the other is the contribution of obesity to OSA. Studies 
have found obese subjects to be twice more likely to develop OSA than those who are 
normal weight (Caples, 2013). The Wisconsin Sleep Cohort found the strongest 
covariate of OSA to be the neck circumference, where the regional distribution of fat in 
the neck is more accurate than overall weight or BMI.  

OSA has been found to impact different mechanisms in the body including: 1). 
changes in hormones related to weight control (like leptin, ghrelin, and adiponectin), 
satiety and obesity associated with impaired lipid and glucose levels, thus increasing 
inflammation and atherosclerosis, 2). changes in EE, 3). increase in calorie intake and 
preference for energy dense foods (especially carbohydrates and fat). Alterations in 
sleep duration leading to fatigue and a decrease in PA has also been observed (Figure 7) 
(Hargens, Kaleth, Edwards & Butner, 2013).  

 
 

 Fig. 7. Interactions between sleep apnea, obesity, sleep curtailment/deprivation and 
metabolic parameters 
Source: Caples, S.M. (2013). “Sleep and Obesity”. In: C.A. Kushida (Ed.), 
Encyclopedia of Sleep. Waltham: Academic Press, 408-412. 
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 Sleep, Appetite and Energy Intake 
Evidence suggests altered sleep duration to increase hunger, appetite, and 

consumption of foods that are dense in carbohydrates and calories (Spiegel, Tasali, 
Penev& Van Cauter, 2004). A study on adolescents (n= 210) where dietary intake was 
assessed by a 24 hour recall and sleep was assessed by actigraphy indicated that 
subjects who slept for less than 8 hours were more likely to consume more calories from 
fats compared to those who slept for more than 8 hours  (Weiss, Xu, Storfer-Isser, 
Thomas, Ievers-Landis & Redline, 2010). Similar findings suggest sleep restriction to 
be associated with a higher energy intake due to an increase in snacking (Nedeltcheva, 
Kessler, Imperial& Penev, 2009).  

 Sleep and Energy Expenditure 
Several findings indicate a functional role of sleep in the regulation of energy 

metabolism.  Insufficient sleep has been shown to contribute to metabolic dysfunction 
as it reduces EE. A study conducted on healthy lean adult men (n= 14) showed a 
decrease in resting and postprandial EE when sleep deprived (Benedict et al., 2011). In 
another randomized crossover design, adult subjects were asked to sleep 4 hours and 15 
minutes for two nights and 8 hours and 15 minutes for another two nights. After the first 
night of sleep restriction, PA levels significantly decreased during the day where less 
time was spent engaging in intense activity than when compared to usual sleep 
opportunity (Schmid et al., 2009). 

 
3. Obesity and Insomnia 

According to the NSF, insomnia is a complicated condition in which the person 
has a difficulty in falling asleep or staying asleep. Individuals with insomnia feel 
dissatisfied with their sleeping experiences which may often cause: fatigue, difficulty 
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concentrating, low energy, decreased work performance, and mood disturbances. It has 
been stated that the pathophysiology of insomnia might exacerbate due to a hyper-
arousal state caused by CRF. It may initially start from some psychosocial factors which 
increase the arousal of the hypothalamic–pituitary–adrenal (Hargens et al., 2013).  

Research shows that obese individuals are significantly more likely to report 
having sleeping difficulties or insomnia than non-obese individuals.  Insomnia has been 
found to play an important role in leading to overconsumption of energy, thus causing 
weight gain. It increases the person’s desire for high fat high sugar foods as well as their 
ability to store fat in the abdominal region through the elevation of glucocorticoid 
hormones like cortisol. 
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CHAPTER III 
MATERIALS AND METHODS 

 
A. Study Population 

A secondary analysis of a cross-sectional titled the “Assessment of BPA levels 
and their association with the health status among the Lebanese population” was 
conducted in Beirut, Lebanon.  A random sample of adult Lebanese subjects residing in 
Greater Beirut was recruited for the study through the support of “Information 
International S.A.L” which is a research and consultancy firm based in Beirut - 
Lebanon.   

Inclusion criteria in the main study included the following: Lebanese adults, 
residing in Greater Beirut Area and aged more than 18 years old. Subjects were 
excluded based on the following:plastic or chemical factory workers, pregnant and 
lactating women, patient on dialysis, and other vulnerable groups (mental disabled 
people).  

The random selection of the study participants was based on a multistage 
probability sampling, where the strata were the districts of Central Administrative 
Beirut.  The second stage included the selection of neighborhoods within each of the 
selected areas in a way as to represent the make-up of the areas, followed by the 
selection of households based on systematic random sample in each selected 
neighborhood according to the estimated number of buildings in the neighborhood, and 
finally sampling a primary respondent within each household based on the most recent 
birthday. 
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B. Ethical Considerations 
The study received the approval of the Institutional Review Board at the 

American University of Beirut (AUB). All subjects provided written consent prior to 
enrollment in the study (Appendix I and Appendix II).  The patients signed the consent 
form after CITI certified field workers visited the respondents in their residence to 
explain the study aims and methodology. 

Data collection was performed in a manner that ensures the confidentiality of 
the individuals.  

 
C. Data Collection 

A total of 501 participants, based on a rate of 10 participants per working day 
over 5 working days per week (Monday through Friday), excluding official holidays, 
agreed to participate in the study were invited to visit AUB for data collection.  Subjects 
were instructed to fast overnight and those on regular medication were requested to 
bring their medications with them when visiting AUB on the assigned date.  

Data collection took place at the Department of Nutrition and Food Sciences 
(NFSC) in the Faculty of Agricultural and Food Sciences at AUB by trained field 
workers, dietitians, and phlebotomists.  

The interviewer asked about the total number of adults aged 18 years and over 
living in the household, and chose the one with the most recent birthday (at the date of 
the interview) to be the main respondent (excluding pregnant and lactating women as 
well as residents with mental disabilities).  If the selected person was not at home, one 
follow-up was conducted before declaring a non-response.  This method ensured that 
everyone had an equal chance of inclusion, with no one allowed to self-select into the 
sample.  The name, date of birth, availability on week days and telephone number of the 
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potential participant were recorded for further follow up to specify the exact dates for 
taking them to AUB.   

Data collection was conducted through face to face interviews using a multi-
component questionnaire, and anthropometric assessment. The multicomponent 
questionnaire is presented in Appendix III and included the following sections: 

 
1. Demographic and Socioeconomic Characteristic 

 Age, gender, marital status, residence and previous travel, education, 
occupation, monthly income (expressed in U.S dollars). 

 
2. Medical History 

 Diseases such as: coronary artery disease, HTN, DM, DL, thyroid disease, 
cancer and other diseases (stroke, arthritis, chronic bronchitis or emphysema, and liver 
disease) 

 Use of medications 
 

3. Lifestyle Characteristics 
 Smoking status and patterns, alcohol and coffee intake 
 

4. PA Assessment 
In the present study, the short form of the International Physical Activity 

Questionnaire (IPAQ) was used to assess physical activity (IPAQ, 2004; Maddison et 
al., 2007). The IPAQ short form is an instrument designed mainly for the assessment of 
PA among adults (age range of 15 – 69 years). It inquires about three specific types of 
activity: walking, moderate – intensity, and vigorous – intensity activity. Moderate PA 
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included activities like carrying light loads, bicycling at a regular pace, or tennis ; 
vigorous PA included activities such as heavy lifting, aerobics, or fast bicycling; and 
moderate PA included activities such as carrying light loads, bicycling at a regular pace, 
or tennis.  

In order to compute the total score, the summation of the duration (in minutes) 
and frequency (days) of walking, moderate – intensity and vigorous – intensity activities 
was needed. These scores are expressed in MET –minutes/week:  

 Walking MET-minutes/week = 3.3 * walking minutes * walking days at 
work  

 Moderate MET-minutes/week =  4.0 * moderate-intensity activity minutes * 
moderate-intensity days at work   

 Vigorous MET-minutes/week = 8.0 * vigorous-intensity activity minutes * 
vigorous-intensity days at work  

 Total Work MET-minutes/week =sum of Walking + Moderate + Vigorous 
MET-minutes/week scores at work 

The total PA for each subject was calculated using the MET-minutes/ week 
procedure described above. As stated by the Guidelines for Data Processing and 
Analysis of the IPAQ, very low (less than 10 MET - minutes/day) and very high activity 
(more than 180 MET - minutes/day) were recoded respectively into 0 and 180 minutes. 
Total METs with more than 960 minutes per day were labeled as outliers and then 
removed. The IPAQ sitting question is an additional indicator of time spent in sedentary 
activities and is not included as part of any summary score of physical activity. 

Based on the above, individuals are assigned to three levels of PA: low, 
moderate, and high. Those levels were divided into three categories: 

 Category 1: Low  
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This is the lowest level of physical activity.  Those individuals who do not 
meet criteria for Categories 2 or 3 are classified as ‘low’. 

 Category 2: Moderate  
The pattern of activity to be classified as ‘moderate’ is for either of the 

following criteria:  
a) 3 or more days of vigorous-intensity activity of at least 20 minutes 

per day  
OR  
b) 5 or more days of moderate-intensity activity and/or walking of at 

least 30 minutes per day  
OR  
c) 5 or more days of any combination of walking, moderate-intensity 

or vigorous intensity activities achieving a minimum Total PA of at least 600 
MET-minutes/week.     
Individuals meeting at least one of the above criteria would be defined as 

accumulating a moderate level of activity. 
 Category 3: High  
A separate category labeled ‘high’ can be computed to describe higher levels of 

participation in PA.  The two criteria for classification as ‘high’ are:   
a) Vigorous-intensity activity on at least 3 days achieving a minimum 

Total PA of at least 1500 MET-minutes/week  
      OR  

b) 7 or more days of any combination of walking, moderate-intensity 
or vigorous-intensity activities achieving a minimum Total PA of at least 3000 
MET-minutes/week. 
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5. Sleep Apnea, Insomnia, and Sleep Habits 
 Sleep apnea was assessed using a validated Berlin Assessment 

Questionnaire (Sharma et al., 2006). The Berlin Assessment Questionnaire is a series of 
eleven questions broken into three categories. Its main purpose is to determine if the 
individual is at risk for sleep apnea and to assess the subject’s sleep habits.  

- The first category asks the following questions: Do you snore? If 
yes, how loud? How often? Has your snoring ever bothered other people? Has 
anyone noticed that you stop breathing during your sleep? 

- The second category asks the following questions: How often do 
you feel tired or fatigued after your sleep? During your waking time, do you 
feel tired fatigued or not up to par? Have you ever nodded off or fallen asleep 
while driving a vehicle? If yes, how often does this occur? 

- The third category includes the following: Do you have high blood 
pressure? Or if BMI is > 30 kg/m2.  
Questions were then scored depending on how respondents answer. If a person 

scored high on at least two of the three categories listed above, they were classified as 
being at a “high” risk for sleep apnea.  
Other than the Berlin Questionnaire, additional questions were used to assess sleep 
duration and insomnia.  

 Sleep duration for both weekend and weekdays were categorized according 
to the National Sleep Foundation. A duration of <7 hours per day of sleep was 
considered short, between 7-8 hours per day was considered medium, and ≥ 8 hours per 
day of sleep was considered long.   

 Sleepingdifficulties were assessed using the following three questions: 
- Do you have trouble falling asleep? Do you wake up during the 
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night and have difficulty resuming sleep? Do you wake up too early in the 
morning and be unable to resume sleep? All three questions included the 
following answers: never, rarely (once/month), sometimes (2-4 times/ month), 
frequently (5 – 15/ month), and almost always (16 – 30 times/ month).  

- In order to obtain the sleep difficulties score, “never” and “rarely” 
were coded as “0” and “sometimes”, “frequently”, and “almost always” were 
coded as “1”. The sleep difficulties score was categorized into a “yes” if the 
sum of one of the three questions was ≥ 1, and “no” if the sum of all the three 
questions was a “0”. 
 Insomnia variable was identified using the sleep difficulties score along 

with the following questions: How often do you feel tired or fatigued after you sleep? 
During your waking time do you feel tired, fatigued or not up to par? Answers to those 
two questions included: never or nearly never, 1 – 2 times a month, 1 – 2 times a week, 
3 – 4 times a week, and nearly every day. The answers: 1- 2 times a week, 1- 2 times a 
month, or never or nearly never were coded as “0” and nearly every day and 3-4 times a 
week were coded as “1”.  

The third question asks if the person has ever “nodded off or fallen asleep 
while driving a vehicle? Answers included: “yes” with a coding of “1” and “no” with a 
coding of “0”.  

The summation of those score along with the sleep difficulties score allowed us 
to obtain the insomnia score. If the sleep difficulties score was equal to 1 and the 
summation of the three questions was also equal to 1, then the subject was categorized 
as having insomnia. 
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6. Anthropometric Measurements and Blood Pressure 
Weight, height, and WC were measured using standardized techniques in the 

nutrition research unit at the department of NFSC at AUB. Weight was taken, in light 
clothing, using a calibrated body composition analyzer (Inbody 3.0, Biospace Co. Ltd, 
Korea) and height was taken with a with a portable wall stadiometer (Seca 213, 
Germany).   Measurements were repeated twice and the mean of the two values were 
used.   

WC was measured using a plastic, inelastic measuring tape to the nearest 
0.5cm (Seca 201, Germany) by locating the upper hip bone and the right upper iliac 
crest. The measuring tape was placed around the abdomen, in a plane parallel to the 
floor, at the level of the iliac crest without compressing the abdomen. The measurement 
was made at the end of a normal expiration. It was repeated twice (David York, 2000) 
and the mean of the two values was calculated and used.  

Body fat was estimated using the Bioelectrical Impedance Analysis (BIA) 
technique (Inbody 3.0, Biospace Co. Ltd, Alpha-Tec s.a.r.l.).  Sitting blood pressure and 
heart rate were also measured twice after ten minutes of rest with a standard digital 
sphygmanometer. 
 
7. Dietary Assessment 

Dietary assessment was conducted using a quantitative Food Frequency 
Questionnaire (FFQ). The use of FFQ has been reported to provide a relatively simple 
and effective way of obtaining individual food consumption data (Willett, 1998) and 
was found to be adaptable and appropriate for use in assessing the usual intake and 
dietary patterns in the Lebanese population (Hammami, Moghames, Shoaib, 
Nasreddine, Hwalla & Naja, 2015). One of the main advantages of the FFQs is the fact 
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that they are capable of capturing data that go beyond the time limits of conventional 
dietary survey and are thus able to reflect eating habits in the long term (Hammami et 
al., 2015).  

The quantitative FFQ consisted of a list of 86 food items “as normally 
consumed”. A reference portion, expressed in household measures or grams, was 
specified for each food item in the FFQ. The individual was asked to estimate the 
number of times per day, week, month or year he/she consumed this particular food 
product and the amount usually eaten per food item by making comparisons with the 
specified reference portion. The FFQ was categorized into 9 different groups: 

1) Bread and cereals: all types of bread, pasta, rice, and cereals 
2) Dairy products: low fat or full fat milk, yogurts, and cheeses 
3) Fruits and fruit juices: fresh, canned, and dried fruits 
4) Vegetables: cooked vegetables, vegetables stews, and raw salads 
5) Meat and meat alternatives: legumes (cooked or dried lentils, beans, 

chickpeas, etc.), nuts, meat, poultry, fish, eggs, organ meats and sausages. 
6) Addedfatsand oils: vegetable oil (corn/sunflower/soya), olive oil, olives, 

butter, ghee, mayonnaise, and tahini.    
7) Sweets and desserts: sugar, jam, ice cream, cakes, chocolate bars, and 

Arabic sweets. 
8) Beverages: water, coffee, tea, sodas (regular and diet), and alcoholic drinks. 
9) Miscellaneous: any item not included in the above categories 
The FFQ has been designed to include culture - specific recipes and dishes by a 

panel of nutritionists and was tested to check for cultural sensitivity and clarity. 
Nutritionist Pro software was used to estimate the participants’ intakes of energy and 
macronutrients. 
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D. Statistical Analysis 
Statistical analysis was done using SPSS 20 for Windows (SPSS Inc, Chicago, 

IL). The level of significance was set at a p-value ≤0.05. A database application using 
Microsoft Access (Corp., Redmond, WA, USA) was used for data management of 
nutritional data. This analysis module determines individual and mean consumption 
values per food item and per food group (g /day), average daily intake per individual, 
per sex group (g/day) and per age group (g/day), and the percentage of consumers per 
food item and per food group. Nutritionist Pro software was also used to estimate the 
participants’ intakes of energy and macronutrients.  

Descriptive analysis was conducted for different variables, using means with 
standard deviations for continuous variables, and frequencies and percents for 
categorical variables. Inferential statistics was carried out to assess the associations 
between different factors using either the independent t-test or the chi-square test. 
Correlation analysis using Pearson’s correlation coefficient was performed between 
continuous variables. A binary variable was created for the purpose of classifying the 
study participants into obese and non – obese (including normal and overweight 
subjects). This variable was then used in the binary logistic regression to estimate odds 
ratios of obesity depending on different covariates. Univariate analysis was then 
performed to assess the association of obesity with different covariates, were the percent 
of obese served as the dependent variable and a number of baseline categorical 
characteristics served as independent variables. The estimated odds ratio (OR) and 95% 
confidence interval (CI) were obtained for each variable. Significance was defined when 
the 95% CI did not include 1. Multivariate linear regression analysis, using forced - 
entry method, was carried out to identify predictors of obesity. Multivariate analysis 
using logistic regression was then conducted to determine the overall association 
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between obesity and several covariates, and was generated by inclusion of significant 
variables at the univariate analysis. A p-value≤0.05 will be used to indicate significance 
in all cases.  
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CHAPTER IV 
 

RESULTS 
 

A. Baseline Characteristics 
A total of 501 participants agreed to participate in the study. The characteristics 

of the study population are summarized in the tables below. They are mainly presented 
separately according to BMI (obese vs. non-obese).  

Prevalence of overweight and obesity are shown in Table 5 for the total sample 
(n = 501). Obesity prevalence was estimated at 41.5% for obese subjects and 34.1% 
foroverweight subjects (Table 5). 

 
 

Table 5. Prevalence of Overweight and Obesity of the Study Subjects (n=501) 
BMIa Criteriab(kg/m2) n (%) 
Normal  18.5 – 24.9 122 (24.4) 
Overweight  25 – 29.9 171 (34.1) 
Obese  ≥ 30 208 (41.5) 
a Body Mass Index b World Health Organization, 2010  

 
2. Anthropometric Characteristics 

Anthropometric characteristics of the study sample are shown in Table 6 for 
the total sample (n = 501) and separately for obese and non- obese. The total sample had 
a mean BMI of 28.9 ± 5.4, percent body fat of 28.6 ± 11.5, WC of 95.3 ± 13.9, and a 
waist - to - hip ratio of 0.97 ± 0.008. Mean estimates of percent body fat of obese (38.7 
± 8.8) were significantly higher compared to non-obese (p=<0.0001). The same was 
observed for elevated waist circumference (106.17 ± 10.7; p=<0.0001) and waist – to – 
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hip ratio (1.02 ± 0.08, p=<0.0001). 
 
 

Table 6. Anthropometric Measurements of the Study Subjects According to BMI 
Classification (n=501) 

 
Anthropometrics Total (n= 501) Non Obese BMI<30 kg/m2 

n= 293(58.5%) 
Obese BMI≥30 kg/m2 
n= 208(41.5%) 

P- valuea 

Mean ± SDor n (%)b 
BMIc 28.9  ± 5.4 25.3  ± 3.06 34.06  ± 3.5 <0.0001** 
% Body Fatd(n=499)  28.6 ± 11.5 21.5 ± 6.9 38.7 ± 8.8 <0.0001** 
Waist Circumference (in cm) 95.3 ± 13.9 87.7 ± 10.5 106.17 ± 10.7 <0.0001** 

Normal WC: 
Males: ˂ 94 cm 
Females: <80 cm 

118 (23.6) 117 (39.9) 1 (0.5) 
<0.0001** Elevated WCe  

Males: ≥94 cm 
Females: ≥80 cm 

383 (76.4) 176 (60.1) 207 (99.5) 
Waist-to-Hip Ratio (WHR)f 0.97 ± 0.008 0.93 ± 0.70 1.02 ± 0.08 <0.0001** a p-value is derived from Pearson Chi-Square for all categorical variables and from independent samples 

T-test for all continuous variable.  b Percentages are within column c BMI: Body Mass Index. d Body fat % was derived using Inbody machine. 
e The classification criteria for waist circumference was defined according to International Diabetes 

Federation  (IDF) standardized criteria (IDF, 2005).  
f  The classification criteria for waist – to – hip ratio  was defined according to World Health 

Organization (WHO) standardized criteria ( WHO, 2011b).  
** p <0.001: highly significant  

 
3. Socio-Demographic and Lifestyle Characteristics 

Baseline socio-demographic and lifestyle characteristics of the study sample 
are presented in Tables 7 and 8, respectively. Overall, 35.7% of the study sample were 
males while 64.3% were females (p= 0.012) with a mean age of 45.3 ± 14.9 years. Most 
of the participants had a crowding index ≥ 1 persons/ room (79.6%). Approximately 
91% of the study population earned an income of less than 2000 USD and have reached 
secondary education level or below (82.1%), indicating a low SES. Low intensity PA 
was seen in almost half of the study population (47.7%) compared to high intensity PA 
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(21.2%).  
 
 Table 7. Socio- demographic Characteristics of the Study Subjects Classified based on 

Adiposity Status (n=501)  
 
Characteristics Total   (n= 501) Non Obese BMI<30 kg/m2 

n= 293(58.5%) 
Obese BMI≥30 kg/m2 
n= 208(41.5%) 

P- valuea 

Mean ± SDor n (%) b 
Age in years(n=501) 45.3 ± 14.9 41.9 ± 16.3 47.2 ± 13.8 <0.0001** 

18 – 24  61 (12.2) 48 (16.4) 13 (6.3) 
<0.0001** 25 – 29  36 (7.2) 29 (9.9) 7 (3.2) 

30 – 39  82 (16.4) 56 (19.1) 26 (12.5) 
≥ 40  322 (64.3) 160 (54.6) 162 (78) 

Gender (n = 501) 
Male 179 (35.7) 118 (40.3) 61 (29.3) 0.012* Female 322 (64.3) 175 (59.7) 147 (70.7) 

Marital Statusc (n= 499) 
Married  332 (66.5) 185 (63.6) 147 (70.7) 0.098 Unmarried 167 (33.5) 106 (36.4) 61 (29.3) 

Incomed (n= 453) 
<600$ 153 (33.8) 72 (27.4) 81 (42.6) 

0.02* 600–999.9$ 170 (37.5) 100 (38) 70 (36.8) 
1000-2000$ 90 (19.9) 64 (24.3) 26 (13.7) 
>2000$ 40 (8.8) 27 (10.3) 13 (6.8) 

Educatione (n = 498) 
Illiterate  54 (10.8) 24 (8.2) 30 (14.5) 

0.007** 
Up to Intermediate 263 (52.8) 147 (50.5) 116 (56) 
Secondary 92 (18.5) 55 (18.9) 37 (17.9) 
Technical diploma  35 (7) 23 (7.9) 12 (5.8) 
University degree 54 (10.8) 42 (14.4) 12 (5.8) 

Crowding Indexf (n = 495) 
≥ 1 person/room 394 (79.6) 242 (83.4) 152 (74.1) 0.011* <1 person/room     101 (20.4) 48 (16.6) 53 (25.9) 

a p-value is derived from Pearson Chi-Square for all categorical variables and from independent samples 
T-test for all continuous variable.  b Percentages are within column.   c Single includes divorced and widowed.  d Income is expressed in terms of U.S. dollars. e Up to intermediate includes: primary and elementary school. f Crowding index was calculated as the No. of persons living in the household per the No. of bedrooms.  * p ≤0.05: significant ** p <0.0001: highly significant    

 
 



 

45 

Table 8. Lifestyle Characteristics of the Study Subjects Classified based on Adiposity 
Status (n=501) 

 
Lifestyle Factors 
 

Total (n= 501) 
Non Obese BMI<30 kg/m2 
n= 293(58.5%) 

Obese BMI≥30 kg/m2 
n= 208(41.5%) 

P- valuea 
Mean ± SDor n (%)b 
Smoker (n= 501) 

No 285 (56.9) 151 (51.5) 134 (64.4)  
0.004* Yes 216 (43.1) 142 (48.5) 74 (35.6) 

Number of cigarettes/day 45.98 ± 149.22 42.96 ± 143.22 51.74 ± 160.90 0.685 
Nargileh (n= 501) 

No 359 (71.7) 202 (68.9) 157 (75.5) 0.11 Yes 142 (28.3) 91 (31.1) 51 (24.5) 
Coffee drinker (n= 501) 

No 98 (19.6) 64 (21.8) 34 (16.3) 0.12 Yes 402 (80.4) 229 (78.4) 174 (83.7) 
Alcohol Drinker ( n= 501) 

No 406 (81) 222 (75.8) 184 (88.5) <0.0001** Yes 95 (19) 71 (24.2) 24 (11.5) 
Physical activityc(n=501) 

Met-minutes of heavy 
work per week 8.26 ± 31.8 9.01 ± 32.23 7.21 ± 31.20 0.53 
Met-minutes of 
Moderate work per week 9.64 ± 30.6 13.31 ± 35.56 4.47 ± 20.77 0.001* 
Met-minutes of Walking 
per week 72.72 ± 65.30 74.16 ± 66.02 70.7 ± 64.4 0.56 
Total exercise (minutes/ 
day) 107.62 ± 79.50 112.17 ± 83.16 73.47 ± 5.63 0.15 
Total Met-minutes from 
all three categories per 
week 

2042.67 ± 2063.75 1888.24 ± 2038.88 2146.85 ± 2077.90 0.207 
Sedentary time 
(minutes/day) 291.9 ± 176.07 280.81 ± 176.21 307.50 ± 175.11 0.096 

Levels of physical activity (n=501) 
Low-intensity 239 (47.7) 130 (44.4) 109 (52.4) 

0.041* Moderate- intensity 156 (31.1) 90 (30.7) 66 (31.7) 
High- intensity 106 (21.2) 73 (24.9) 33 (15.9) 

a p-value is derived from Pearson Chi-Square for all categorical variables and from independent samples 
T-test for all continuous variable.  b Percentages are within column.  * p ≤0.05: significant ** p <0.0001: highly significant   

 
Alcohol consumption of the study population was relatively low (19%). Forty 

three percent of the study sample reported to smoke cigarettes. The proportion of obese 
was significantly higher with higher age (p= <0.0001), female gender (p= <0.0001), 
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lower income (p=0.02) and education status (p= 0.007), and low intensity physical 
activity (p=0.041). The proportion of obesity was significantly higher in those who do 
not smoke cigarettes (p=0.004) and do not drink alcohol (p= <0.0001). 

 
4. Sleep Patterns and Sleep Duration amongst Study Subjects 

Sleep duration and patterns of the study subjectsare shown in Table 9 for the 
total sample (n = 501) and separately for obese and non-obese. Almost half of the study 
population reported to sleep less than 7 hours per day on weekdays (51.1%) and 
weekends (66.1%). A significantly higher proportion of obese was found among those 
with shorter sleep duration during weekdays (56.7%; p= 0.019). A high risk of sleep 
apnea was reported for 31.3% of the study sample of which 54.9% were obese 
(p=<0.0001).  

 
 

Table 9. Sleep Duration and Patterns of the Study Subjects According to BMI 
Classification (n=501) 

 
Characteristics Total  

 (n= 501) 
Non Obese BMI<30 kg/m2 
n= 293(58.5%) 

Obese BMI≥30 kg/m2 
n= 208(41.5%) P- valuea 

Mean ± SDor n (%)c 
Sleep duration on weekdays (in hours) (n= 501) 

Short: <7  256 (51.1) 138 (47.1) 118 (56.7) 
0.019* Medium: 7 – 8  98 (19.6) 55 (18.8) 43 (20.7) 

Long: ≥ 8  147 (29.3) 100 (68) 47 (22.6) 
Sleep duration on weekends (in hours) (n= 500) 

Short: <7  331 (66.1) 182 (62.1) 149 (71.6) 
0.069 Medium: 7 – 8  92 (18.4) 58 (19.8) 34 (16.3) 

Long: ≥ 8  78 (15.6) 53 (18.1) 25 (12) 
Sleep Apnea Scoreb 
(n = 432) 1.10 ± 0.88 0.71 ± 0.78 1.68 ± 0.70 <0.0001** 
Sleep Apneab (n=432) 

Low Risk 297 (68.8) 219 (84.6) 78 (45.1) <0.0001** High Risk 135 (31.3) 40 (15.4) 95 (54.9)      
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“Table 9 – Continued” 

Characteristics Total   (n= 501) 
Non Obese BMI<30 kg/m2 
n= 293(58.5%) 

Obese BMI≥30 kg/m2 
n= 208(41.5%) 

P- valuea 
Sleep Difficulties (n= 501) 

Never  123 (24.6) 75 (25.6) 48 (23.1) 
0.66 

Rarely (once/month) 33 (6.6) 16 (5.5) 17 (8.2) 
Sometimes (2-4/ month) 63 (12.6) 34 (11.6) 29 (13.9) 
Frequently (5-15/month) 59 (11.8) 36 (12.3) 23 (11.1) 
Almost always (16-30/ month) 223 (44.5) 132 (45.1) 91 (43.8) 

Insomnia (n=501) 
No 286 (57.1) 171 (58.4) 115 (55.3) 0.49 Yes  215 (42.9) 122 (41.6) 93 (44.7) 

a p-value is derived from Pearson Chi-Square for all categorical variables and from independent 
samples T-test for all continuous variable.  b Score obtained from Berlin Questionnaire: High risk: if there are 2 or more categories where 
the score is positive, Low risk: if there is only 1 or no categories where the score is positive.  c Percentages are within column * p ≤0.05: significant ** p <0.001: highly significant    

 
5. Dietary Energy and Macronutrient Intakes 

Energy and macronutrient intakes of the study sample are presented in Table 
10 for the total sample (n = 501) and separately for obese and non-obese. Mean energy 
intake for both categories amounted to 3319.97 ± 1594.23 kcal/day, of which 41.2% 
was derived from fat.  The average contributions of protein and carbohydrates to energy 
intake were 12.6% and 46.9%, respectively.   

 
 

Table 10. Mean intake for energy and macronutrients selected according to BMI 
Classification (n= 501) 

 
Dietary Intake Total  (n= 501) Non Obese  (n= 293) Obese  (n= 208) P-valuea 
Mean ± SDor n (%)b 
Energy (Kcal)  (n= 486) 3319.97 ± 1594.23 3438 ± 1627.15 3159.53 ± 1537.94 0.056 
Carbohydrates (g/day) (n= 487) 381.05 ± 178.23 394.19 ± 177.34 363.21 ± 178.31 0.058 
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“Table 10 – Continued” 
Dietary Intake Total  (n= 501) Non Obese  (n= 293) Obese  (n= 208) P-valuea 
Carbohydrate  
(% of total Kcal)  46.84 ± 8.9 46.85 ± 8.5  46.83 ± 9.34 0.98 

Protein (g/day) 
(n= 483) 101.42 ± 50.21 106.28 ± 53.04 94.75 ± 45.33 0.012* 

Protein  
(% of total Kcal) 12.47 ± 2.83 12.4 ± 2.6  12.6 ± 3.09  0.48 

Fat (g/day)  
(n= 493) 155.72  ± 85.33 162.9  ± 88.6 145.76  ± 79.7   0.028* 

Fat  
(% of total Kcal) 41.14 ± 8.88 40.98 ± 8.1  41.35 ± 9.83 0.65 

a p-value is derived from independent samples T-test for all continuous variable b Percentages are within column * p ≤0.05: significant  
 

B. Univariate Logistic Regression Association between Obesity and Baseline 
Covariates (Socio-demographics, Lifestyle, Anthropometrics, Energy Intake, 
and Sleeping Behaviors) 

 
1. Socio-Demographic and Lifestyle Characteristics of Participants in Predicting the 

Risk of Obesity  
Simple binary logistic regression was carried out to show the association 

ofobesity with baseline covariates such as socio-economic status, lifestyle and energy 
intake, and sleep behaviors. Subjects were divided into two groups based on their 
adiposity status. The bivariate logistic regression results are presented in Table 11.   

The logistic regression showed significant associations between all tested 
socio-demographic variables and the risk of obesity. The odds of obesity were 
significantly higher in those aged between 30-39 years old (OR= 1.71; CI =0.80 – 3.70) 
and more than 40 years old (OR=3.74; CI = 1.95 – 7.17) when compared to those aged 
18 – 24 years. The odds of obesity were also higher amongst females (OR= 1.63; CI= 
1.11 – 2.40) when compared to males. An income greater than 2000 USD and a 
university level of education significantly decrease the odds of obesity (OR= 0.43, CI= 
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0.20 – 0.9) vs. (OR= 0.3; CI= 0.09 – 0.53). A lower CI (<1 person/room) significantly 
increases the odds of obesity by 1.7 (p=0.012) when compared to a CI of 
≥1person/room.  

 
 

Table 11. Univariate Logistic Regression between Socio- demographic Characteristics 
of the Study Subjects and Obesity (n=501) 

 
Variables OR (95% CI) Significance 
Age in years(n=501) 

18 – 24  Ref 
25 – 29  0.89 (0.32 – 2.50) 0.36 
30 – 39  1.71 (0.80 – 3.70) <0.0001** 
≥ 40  3.74 (1.95 – 7.17) <0.0001** 

Gender (n = 501) 
Male Ref 
Female 1.63 (1.11 – 2.40) 0.012* 

Income (n= 453)  
<600$ Ref 
600–999.9$ 0.62 (0.40 – 0.97) 0.035* 
1000-2000$ 0.36 (0.20 – 0.63) <0.0001** 
>2000$ 0.43 (0.20 – 0.9) 0.023* 

Education(n = 498) 
Illiterate  Ref 
Up to  Intermediate  0.63 (0.35 – 1.14) 0.13 
Secondary 0.54 (0.27 – 1.062) 0.54 
Technical  0.42 (0.17 – 1.007) 0.052 
University 0.3 (0.09 – 0.53) 0.001** 

Crowding Index (n = 495) 
 ≥ 1 person/room        Ref 
<1 person/room 1.7 (1.13 – 2.73) 0.012* * p ≤0.05: significant ** p <0.0001: highly significant  

 
2. Lifestyle and Energy Intake Characteristics of Participants in Predicting the Risk 

of Obesity  
Subjects were divided into two groups based on their BMI status. Univariate 

logistic regression between lifestyle and energy intake characteristics and obesity is 
shown in Table 12. There are significant associations between smokers, alcohol 
drinkers, and physical activity with risk of obesity. 
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Table 12. Univariate Logistic Regression between Lifestyle and Energy Intake 
Characteristics of the Study Subjects and Obesity (n=501) 

 
Variables OR (95% CI) Significance  
Smoker (n= 501) 

No  Ref 
Yes 0.59 (0.40 – 0.85) 0.004* 

Nargileh (n= 501) 
No Ref 
Yes  0.72 (0.48 – 1.077) 0.110 

Coffee drinker (n= 501) 
No Ref 
Yes  1.43 (0.90 – 2.27) 0.13 

Alcohol Drinker ( n= 501) 
No Ref 
Yes  0.40 (0.25 – 0.67) <0.0001** 

Levels of physical activity (n=501) 
Low-intensity Ref 
Moderate- intensity 0.89 (0.58 – 1.31) 0.52 
High- intensity  0.54 (0.33 – 0.87) 0.012* 

Energy (Kcal) 1.000 (1.000 – 1.000) 0.02* * p ≤0.05: significant ** p ≤0.0001: highly significant   
 
The univariate logistic regression showed that smoking and alcohol drinking 

significantly decrease the odds of obesity (OR=0.59; CI=0.40 – 0.85 and OR=0.40; CI= 
0.25 – 0.67), respectively. Having a high level of physical activity significantly 
decreases the odds of obesity when compared to low level of physical activity (OR= 
0.54; CI=0.33 – 0.87). 

 
3. Sleep Patterns and Behavior of Participants in Predicting the Risk of Obesity 

Subjects were divided into two groups based on their adiposity status. 
Univariate logistic regression between sleep pattern and behavior and obesity is shown 
in Table 13.  
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Table 13. Univariate Logistic Regression between Sleep Variables of the Study Subjects 
and Obesity (n=501) 

 
Variables OR (95% CI) Significance  
Sleep Apnea Score 4.92 (3.57 – 6.8) <0.0001** 
Sleep Apnea  

Low Risk                                                   Ref 
High Risk 6.66 (4.25 – 10.5) <0.0001** 

Sleep Duration (weekend) 
Long                                                    Ref 
Medium  1.50(0.87 – 2.60) 0.14 
Short 1.75(1.008 – 3.04) 0.04* 

Sleep Duration (weekday) 
Long                                                    Ref 
Medium  1.82(1.190 – 2.78) 0.06 
Short 1.66(0.98 – 2.82) 0.006** 

Insomnia  
No                                                     Ref 
Yes  1.13 (0.79 – 1.63) 0.45 

Sleep Difficulties  
Never                                                    Ref 
Rarely  1.66 (0.77 – 3.60) 0.20 
Sometimes  1.33 (0.72 – 2.46) 0.36 
Frequently  0.99 (0.53 – 1.89) 0.10 
Almost always  1.07 (0.68 – 1.69) 0.75 

* p ≤0.05: significant ** p <0.0001: highly significant    
 
The regression showed a significant association between sleep apnea and sleep 

duration (weekdays and weekends) with risk of obesity. Having sleep apnea 
significantly increased the odds of obesity (OR=4.92; CI=3.57 – 6.8) and (OR=6.66; 
CI=4.25 – 10.5). The univariate logistic regression also indicated that smoking and 
alcohol drinking significantly decrease the odds of obesity (OR=0.59; CI=0.40 – 0.85) 
and (OR=0.40; CI= 0.25 – 0.67).  Whereas having insomnia increases the odds of 
obesity, but without statistical significance. 

 
4. Association between Obesity and Sleep Apnea (Multivariate Regression) 

The association between obesity and sleep apnea among obese and non-obese 
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participants is found in Table 14. After adjusting for other variables including: age, 
gender, energy intake, physical activity, education, CI, smoking, and drinking alcohol; 
findings of the logistic regression showed significantly higher prevalence of obesity 
among those with OSA (OR=6.2; CI=3.8-10.06). Smoking remained negatively 
associated with obesity after adjusting for other variables, whereby the odds of obesity 
were lower in those who smoke compared to nonsmokers (OR=0.53; CI=0.32 – 0.87). 

 
 

Table 14. Multivariate Logistic Regression Describing the Associations between Sleep 
Apnea and the risk of Obesity in the Study Sample (n =501) 

 
Variables OR (95% CI) Significance  
Age in years 

18 – 24                        Ref 
25 – 29  0.80 (0.22 – 2.63) 0.70 
30 – 39  1.32 (0.50 – 3.54) 0.58 
≥ 40  2.06 (0.86 – 4.93) 0.11 

Gender 
Males                        Ref 
Females 1.008 (0.56 – 1.80) 0.98 

Total Energy (Kcal/day) 1.000 (1.000 – 1.000) 0.77 
Sleep Apnea 

No                         Ref 
Yes 6.2 (3.8 – 10.06) <0.0001** 

Physical Activity    
Low                         Ref 
Moderate 1.4 (0.82 – 2.33) 0.23 
High 0.68 (0.37 – 1.30) 0.22 

Education   
Illiterate                          Ref 
Up to  Intermediate  0.93 (0.42– 2.06) 0.90 
Secondary 0.79 (0.31 – 1.98) 0.60 
Technical 0.74 (0.24 – 2.32) 0.60 
University 0.40 (0.13 – 1.11) 0.07 

Crowding Index   
>=1 person per room                         Ref 
<1  person per room 1.22 (0.7 – 2.22) 0.50 

Smoker  
No                        Ref 
Yes 0.53 (0.32 – 0.87) 0.012* 

Alcohol Drinker  
No                       Ref 
Yes  0.70 (0.34 – 1.44) 0.33 

*  p ≤0.05: significant ** p<0.0001: highly significant   
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5. Association between Obesity and Sleep Apnea Score (Multivariate Regression) 
The association between obesity and sleep apnea score among obese and non-

obese participants is found in Table 15. In agreement with findings presented in Table 
14, findings of the multivariate regression showed significantly higher risk of obesity in 
those with a high sleep apnea score (OR= 4.8; CI=3.40 – 6.80).  Moreover, lower odds 
of obesity were reported for those who smoke (Or=0.5; CI= 0.28 – 0.83) when 
compared to those who do not smoke.  

 
 

Table 15. Multivariate Logistic Regression Describing the Associations between Sleep 
Apnea Score and the risk of Obesity in the Study Sample (n =501) 

 
Variables OR (95% CI) Significance  
Age in years  

18 – 24                          Ref 
25 – 29  0.51 (0.133 – 1.99) 0.34 
30 – 39  1.08 (0.38 – 3.08) 0.9 
≥ 40  1.61 (0.632 – 4.10) 0.32 

Gender 
Males                         Ref 
Females 1.12 (0.607 – 2.06) 0.78 

Total Energy (Kcal/day) 1.000 (1.000 – 1.000) 0.60 
Sleep Apnea Score 4.8 (3.40 – 6.80) <0.0001** 
Physical Activity  

Low                           Ref 
Moderate 1.45 (0.82 – 2.54) 0.20 
High 0.77 (0.40 – 1.51) 0.45 

Education   
Illiterate                           Ref 
Up to  Intermediate 1.09 (0.47 – 2.60) 0.84 
Secondary 0.90 (0.33 – 2.40)   0.82 
Technical 0.95 (0.28 – 3.20) 0.93 
University 0.65 (0.20 – 2.05) 0.46 

Crowding Index   
>=1 person per room                       Ref 
<1  person per room 1.20 (0.61 – 2.20) 0.67 

Smoker  
No                          Ref 
Yes 0.5 (0.28 – 0.83) 0.008* 

Alcohol Drinker  
No                       Ref 
Yes  0.68 (0.32 – 1.50) 0.33 

*  p ≤0.05: significant ** p <0.0001: highly significant   
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6. Association between Obesity and Sleep Duration during Weekdays (Multivariate 
Regression)  

The association between obesity and sleep duration during weekdays among 
obese and non-obese participants is found in Table 16. Based on a multivariate model 
that included: age, gender, energy intake, physical activity, education, CI, smoking, and 
drinking alcohol; findings of the multivariate logistic regression showed a significantly 
higher risk of obesity for those: aged ≥ 40 years old (OR=2.24; CI=1.05 – 4.80), slept 
for shortduration (<7 hours) (OR=1.8; CI=1.099 – 3.30), and those with a CI of < 1 
person/ room (OR=1.90; CI=1.14 – 3.12). Significantly lower odds of obesity were 
reported for those who smoke (OR=0.56; CI=0.37 – 0.85) and those with a university 
degree (OR=0.33; CI=0.13 – 0.82). 
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Table 16. Multivariate Logistic Regression Describing the Associations between Sleep                   
Duration (Weekdays) and the risk of Obesity in the Study Sample (n =501) 

 
Variables OR (95% CI) Significance  
Age in years 

18 – 24   Ref 
25 – 29  0.80 (0.27 – 2.40) 0.70 
30 – 39  1.08 (0.46 – 2.60) 0.90 
≥ 40  2.24 (1.05 – 4.80) 0.04* 

Gender 
Males                          Ref 
Females 1.14 (0.70 – 1.86) 0.60 

Total Energy (Kcal/day) 1.000 (1.000 – 1.000) 0.60 
Sleep duration on weekdays (in hours)  

Long: ≥ 8 hours                         Ref 
Medium: 7 – 8 hours 1.56 (0.98 – 2.48) 0.08 
Short: <7 hours  1.8 (1.099 – 3.30) 0.04* 

Physical Activity    
Low                       Ref 
Moderate 0.97 (0.62 – 1.51) 0.93 
High 0.61 (0.36 – 1.04) 0.06 

Education   
Illiterate                         Ref 
Up to  Intermediate 0.90 (0.48 – 1.70) 0.75 
Secondary 0.88 (0.41– 1.87) 0.74 
Technical 0.72 (0.27 – 1.93) 0.50 
University 0.33 (0.13 – 0.82) 0.01* 

Crowding Index   
>=1 person per room                        Ref 
<1  person per room 1.90 (1.14 – 3.12) 0.01* 

Smoker  
No                           Ref 
Yes 0.56 (0.37 – 0.85) 0.006* 

Alcohol Drinker  
No                         Ref 
Yes  0.61 (0.33 – 1.15) 0.13 

* p ≤0.05: significant    
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CHAPTER V 
DISCUSSION 

 
Obesity is a growing health concern because of its adverse impacts on 

metabolism, blood pressure, and the risk of chronic illnesses like DM, CVD, 
gastrointestinal disease, cancer, and respiratory disease (Cheung, Machin, Karlberg & 
Khoo, 2004; Gunturu & Ten, 2007; Morrison, Friedman& Gray-McGuire, 2007; Weiss 
et al., 2004). Family history of obesity and genetic factors are amongst the recognized 
non-modifiable determinants of obesity risk. However, obesity is increasingly linked to 
an obesogenic environment characterized by high consumption of energy dense foods 
and physical inactivity. More recently, large population studies from the U.S. and 
Europe have suggested a potential role of unhealthy sleeping patterns and short sleep 
duration (Gupta, Mueller, Chan& Meininger, 2002; Hasler et al., 2004; Kripke et al., 
2002). This study aimed at investigating the prevalence of obesity and its association 
with sociodemographics, dietary intake, lifestyle, and sleep patterns in a sample of 
Lebanese urban adults aged 18 years and older. 

Findings of the current study estimated the prevalence of obesity (i.e., BMI ≥ 
30 kg/m2) (WHO, 2008) at 41.5% in Lebanese urban adult, with a significantly higher 
prevalence in women (70.7%) compared to men. When these estimates are compared to 
those reported by the most recent national survey conducted in 2008/2009, an increasing 
trend in the prevalence of obesity is noted, whereby obesity rates have increased from 
28.2% in 2008/2009 to 41.5% in 2014. This increasing trend has been previously 
suggested by Nasreddine et al. (2012) who showed that the prevalence rates of adult 
obesity have increased from 17.4% in 1997% to 28.2% in 2009 in Lebanon (Nasreddine 
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et al., 2012). It is, however, important to keep in mind that the estimates of obesity 
prevalence as assessed by the present study may not be directly comparable to those 
reported by previous national surveys given that the current study’s population is 
representative of the Greater Beirut area and not of Lebanon as a whole. The high 
prevalence of adult obesity in the urban setting of Beirut is in line with the literature, 
whereby several studies have found a higher risk of obesity in those living in urban 
areas compared to rural areas (Ebrahim et al., 2010; Ezzati et al., 2005; Popkin, 1999).  
This higher risk of obesity has been attributed to increased consumption of saturated 
fats and sugars, and decreased PA associated with urbanization and westernization (Fall, 
2001).  

When compared to data from other countries in the Eastern Mediterranean 
Region, current prevalence rates of obesity in Lebanese urban adults were found to 
exceed those reported from Morocco (31.2%) (Berraho, El Achhab, Benslimane, Rhazi, 
Chikri & Nejjari, 2012) Tunisia (37 % in women and 13 % in men) (Atek et al. 2013), 
Algeria (30.1 % in women and 9.1 % in men) (Atek et al. 2013), and Iran (22.5% in 
women and 10.5% in men) (Ayatollahi & Ghoreshizadeh, 2010)., Palestine (37.2% in 
women and 21 % in men) (Abu-Rmeileh, Husseini, Capewell, & O'Flaherty, 2013), and 
Oman (36.9% in women and 20.6% in men), while being very similar to those reported 
from Syria (43%) (Al Ali, Rastam, Fouad, Mzayek & Maziak, 2011), Saudi Arabia 
(40%) (Al-Daghri, Al-Attas, Alokail, Alkharfy, Yousef, Sabico  & Chrousos, 2011), 
and Qatar (54.7% in women and 44% in men) (Ng et al., 2014). When comparing 
obesity rates as estimated in this study to those reported from European countries, the 
prevalence of obesity amongst Lebanese urban adults were found to be higher than that 
reported from than Italy (8.2% in women and 7% in men), France (12.7% in women and 
11.7% in men), England (15.5% in women and 24.8% in men), and other European 
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countries (Ng et al., 2014). However, inter-country comparison in obesity rates may be 
limited by the different age groups and dates of the surveys and the fact that, as 
mentioned earlier, the prevalence of obesity as assessed by the present study may not be 
representative of Lebanese adults as a whole.  

In the present study, a significantly higher risk of obesity was found among 
those aged ≥ 40 years old (OR= 5.7; CI= 3.12 - 10.23) vs. younger adults. Comparable 
findings depicting the relationship between age and obesity were also observed in a 
national study conducted on Lebanese adults where women aged ≥ 50 years old were 
more likely to be obese compared to younger age groups (Chamieh et al., 2015). 
Parallel to our findings, a study conducted in Morocco on women aged 64 and men 
aged 45–54 years old (El Rhazi, Nejjari, Zidouh, Bakkali, Berraho & Gateau, 2011) also 
found a positive association between obesity and age. Similar findings were reported by 
other studies from Kuwait and Yemen (Al-Sharafi & Gunaid, 2014; Ahmed et al., 2012; 
El-Hazmi & Warsy, 2002). Data from large population studies conducted in the USA 
and in several European countries also showed that mean body weight and BMI 
gradually increase during adult life reaching peak values at 50 –59 year of age in both 
men and women (Flegal, Carroll, Kuczmarski & Johnson, 1998; Kuskowska-Wolk & 
Rössner, 1990; Mokdad, Bowman, Ford, Vinicor, Marks & Koplan, 2001). The reason 
behind this association lies within the considerable changes that occur in body 
composition as the individual age. With aging there is a greater relative increase in 
intra-abdominal fat, which may contribute to as state of IR (Villareal, Apovian, 
Kushner& Klein, 2005). Another plausible explanation is the decrease in EE due to loss 
of fat free mass and increase in sedentary behavior (El Rhazi et al., 2011).   

A gender differential in the prevalence of obesity was observed in this study, 
with the prevalence of obesity being significantly higher in women compared to men 
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(OR=1.63; CI=1.11 – 2.40). Even though studies conducted in several developed 
countries including Europe and USA do not document gender disparities in the 
prevalence of adult obesity, our findings are similar to those reported from other Middle 
Eastern and North African countries (Aida Turrini&  Ngo, 2009). A national cross 
sectional study conducted in Tunisia on more than 5000 subjects showed that BMI was 
higher among women (28.4%) vs. men (25.3%) as was obesity (37% versus 13.3%; 
OR= 3.8, CI= 3.1 – 7.4), and abdominal obesity (42.6% versus 15.6; OR= 4.0, CI= 3.3 – 
4.8) (El Ati et al., 2012). Comparable findings were also reported from Morocco 
(Benjelloun, 2002; El Rhazi et al., 2011; Mokhtar et al., 2001), Algeria (Aida Turrini &  
Ngo, 2009) and Egypt (El-Zanaty & Way, 2009). It is well recognized that women have 
more body fat than men. Ultrasound measurements have shown that women are more 
prone to having larger amounts of fat due to an increase in adipose tissue thickness in 
certain regions (Sjöström, Smith, Krotkiewski & Björntorp, 1972). Moreover, in Iran, 
and perhaps indicative of other Middle Eastern and North African countries, sedentary 
Iranian females were more likely to consume non-nutritive snacks and more sweets than 
their male counterparts, leading to weight gain and obesity (Azizi, Azadbakht & 
Mirmiran, 2005; Hosseinpanah, Barzin, Eskandary, Mirmiran & Azizi, 2009). Another 
pathway proposed by Wang et al. suggests that women, due to their household roles, are 
more in charge of preparing meals, and thus of potentially consuming more food. This 
higher food intake is frequently coupled with a decrease in PA and an increase in 
sedentary behavior (Wang et al., 2004).  

Findings of the present study suggest a positive association between obesity 
and low SES as assessed by education level and income. Similar to our findings, 
Chamieh et al. (2015) have reported lower odds of obesity in Lebanese adults with high 
SES (Chamieh et al., 2015). Even though several studies conducted in Europe, North 
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America, and few Middle Eastern countries have reported an increase in obesity risk 
with higher SES (Musaiger, 2011), our findings of an inverse association between 
obesity and SES are in line with findings reported from developed countries such as the 
USA (Sánchez-Vaznaugh, 2009) and Spain (García-Álvarez et al., 2007). Our findings 
are also in agreement with those reported from some developing countries and countries 
in nutrition transition such as Korea (Yoon, Oh & Park, 2006) and Iran (Hajian-Tilaki & 
Heidari, 2010). Monteiro et al. have argued that obesity in the developing world can no 
longer be considered solely a disease of groups with higher SES (Monteiro, Moura, 
Conde & Popkin, 2004). Strong evidence from population-based studies in industrial 
areas indicated that low SES is a risk factor for obesity (Haas, Lee, Kaplan, Sonneborn, 
Phillips& Liang, 2003; Organization, 1998; Stunkard, 1996). One possible explanation 
for the difference in SES-obesity relationship in developed and developing countries is 
the influence SES has on people’s lifestyles such as diet and physical activity. Two 
plausible arguments may explain the link between low SES and obesity. The first 
focuses on the obeseogenic environments that low SES individuals usually live in which 
promotes energy dense foods and dissuades PA participation (Reidpath, Burns, Garrard, 
Mahoney& Townsend, 2002). The other argument focuses on the inability of low SES 
individuals to afford healthy foods (e.g. fruits and vegetables) that helps them maintain 
a normal body weight (Drewnowski & Specter, 2004).  Additionally, a higher education 
level was also found to be associated with better nutrition knowledge (Klohe-Lehman et 
al., 2006).  

In this study, smoking was found to decrease the risk of obesity in adults 
(OR=0.53; CI= 0.32 – 0.87), even after adjusting for confounding factors in the 
multivariate model. In line with our study, numerous cross- sectional studies indicate 
lower BMI in smokers compared to non-smokers (Flegal, Carroll, Ogden& Curtin, 
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2010; Huot, Paradis & Ledoux, 2004; Shimokata, Muller& Andres, 1989; Ward, 
Klesges& Vander Weg, 2001). For example, a national study conducted by Flegal et al. 
in the years 1988 to 1991 on U.S. adults (n= 5247), reported a positive association 
between smoking cessation and increased prevalence of overweight (Flegal, Troiano, 
Pamuk, Kuczmarski& Campbell, 1995). One theory behind this is the fact that nicotine 
acutely increases EE and reduces appetite which is why gain weight is frequently 
observed after smoking cessation (Hofstetter, Schutz, Jéquier& Wahren, 1986; Ward 
etal., 2001; Williamson, Madans, Anda, Kleinman, Giovino & Byers, 1991).  

When looking at dietary intake data, there was no association of obesity with 
energy and macronutrient intake. This finding is in agreement with several other studies 
where no association was found between dietary intakes and obesity in adults (Hill & 
Davies, 2001; Schoeller, 1995; Trabulsi & Schoeller, 2001). One of the possible 
explanation is the underreporting that obese subjects tend to adopt in dietary 
assessment. The more respondents require or consume, the more difficult it is to report 
consumption accurately perhaps because of social pressure to consume less or 
remembering more foods or bigger portion sizes is challenging (Subar et al., 2003). It is 
important to note that the study’s findings document a high intake of dietary fat 
(41.35%), which is in agreement with previous studies conducted in Lebanon (Chamieh 
et al., 2015).  

The present study has also shown that almost half of the study population to 
have a low PA level (47.7%), which is in line with findings reported by a recent 
national study conducted amongst Lebanese adults (45.5%), using the same 
measurement tool (IPAQ) (Chamieh et al., 2015). Data on trends in PA in the MENA 
region is scarce. According to a review by Sibai et al.(2010), the prevalence of physical 
inactivity in the MENA region ranged between 21.6% and 86.8%, with Lebanon being 
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on the upper end of the range (68.7%) (Sibai, Nasreddine, Mokdad, Adra, Tabet & 
Hwalla, 2010).  Physical inactivity has been associated with modernization and 
industrialization, which have led to a reduction in EE and an increase in sedentary 
behaviors, particularly in urbanized populations (Popkin, 1999). Physical inactivity may 
lead to several risk factors including IR, microvascular dysfunction, and is often 
significantly associated with weight gain, obesity, and MetS (Strasser, 2013; Zhu, St-
Onge, Heshka & Heymsfield, 2004). Findings of the present study suggest a negative 
association between obesity and PA, whereby subjects engaging in high intensity PA 
had significantly lower odds of obesity (OR= 0.54; 95 % CI: 0.33 – 0.87). However, 
this association lost its significance after adjustment for other confounders in the 
multivariate model.  

Studies investigating the relationship between short sleep duration, sleep 
patterns, and obesity are scarce in the Eastern Mediterranean region. This study is the 
first to explore the association of sleep duration and sleep patterns with body weight and 
the risk of obesity in the Lebanese adult population. Data from this study showed that 
more than half of the study population reported to sleeping less than the recommended 7 
hours per day on weekdays (51.1%) and weekends (66.1%). Those who slept for less 
than 7 hours on weekdays were significantly more obese than those who reported to 
sleep more than 7 hours per day (OR= 1.75; CI= 1.008 – 3.04). The relationship 
between sleep duration and the odds of obesity remained significant after adjustment for 
potential confounders. These findings are in agreement with several other studies 
reporting an association with short sleep duration and BMI (Gangwisch, Malaspina, 
Boden-Albala& Heymsfield, 2005; Hasler et al., 2004; Vioque, Torres & Quiles, 2000). 
Results from a longitudinal study done on U.S. adults aged ≥ 20 years old (n = 13,742) 
(Ford, Li, Wheaton, Chapman, Perry & Croft, 2014) reported an inverse linear 
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relationship between sleep duration and adiposity, where 36.6% of those who slept for < 
7 hours had higher abdominal obesity (OR= 1.10; CI= 1.03 – 1.16) (Ford et al., 2014). 
Other studies conducted in European countries like France, Germany, and Portugal also 
demonstrated the interrelationship between short sleep duration and weight gain in 
adults (Patel & Hu, 2008). A number of biological mechanisms have been proposed to 
link sleep duration and obesity (Taheri, 2006). For instance, it has been suggested that 
the number of hours of sleep is an important factor in regulating energy balance, 
appetite, and weight maintenance (Horne, 2008; Taheri, Lin, Austin, Young & Mignot, 
2004).  

This study further documented, in a cross sectional design, an association 
between OSA and obesity risk in adults. This association remained significant after 
adjusting for potential confounders in the multivariate model, with the odds of obesity 
being six times higher in subjects reporting OSA compared to those without OSA. 
When comparing the current prevalence of OSA in Lebanese urban adults to those 
reported from other countries, the prevalence of OSA in Lebanon was found to be 
higher than those reported from UAE (21%) and Jordan (16.8%), using the same 
measurement tool to assess OSA (Berlin Questionnaire). However, the prevalence of 
OSA amongst Lebanese adults appears to be lower than estimates reported from the 
USA (43.3%) and Europe (43.5%) (Netzer, Hoegel, Loube, Netzer, Hay, Alvarez-Sala 
& Strohl, 2003).  

Since this study has a cross sectional design, the association between sleep 
apnea and obesity risk may be bidirectional. It has been shown that the connection 
between OSA and obesity involves a two – way relationship, one is the implications of 
OSA contributing to obesity and the other is the contribution of obesity to OSA 
(Hargenset al., 2013). Obesity may contribute to the development of OSA by 



 

64 

influencing the upper airway and altering its function and structure; causing negative 
effects on respiratory drive.  Changes in cytokines (leptin, tumor necrosis factor, IL-6) 
due to obesity have a negative impact on neuromuscular control of the upper airway 
(Calvin, Albuquerque, Lopez-Jimenez& Somers, 2009).  In addition, IR is also 
associated with OSA severity, independent of body weight, and may be linked with 
sleep deprivation (Caples & Somers, 2005). Location of fat deposition, especially in the 
neck and viscera, may also contribute to OSA susceptibility (Tuomilehto, Seppä & 
Uusitupa, 2013). The role of OSA in contributing to obesity is less established. As 
described by Ong et al., OSA changes sleep duration causing a reduction in EE and 
overall PA due to lethargy and daytime sleepiness, and an increase in the consumption 
of energy dense foods; thus increasing total caloric intake (Ong, O’Driscoll, Truby, 
Naughton & Hamilton, 2013).  

The findings of this study must be considered in light of the following 
limitations. First, because of its cross sectional design, the present study does not allow 
for a causal inference regarding the observed associations. The second limitation of this 
study is that there may have been a selection bias on gender distribution (64.3% 
womenvs. 35.7% men) and on low SES individuals due to recruitment methods. The 
gender distributiondoes not seem to represent the national ratio of male to female 
population in Lebanon (MOH, 2009). However, although gender and low SES groups 
were overestimated because of selection bias, it is important to note that this should not 
have affected the associations as much as the prevalence, which was estimated at 
41.5%. Moreover, even though the prevalence of obesity estimate may have been 
overestimated in the present study, available evidence suggests that obesity is on the 
rise in the Lebanese population (Chamieh et al., 2015). The third limitation is a 
differential bias related to the method we used to collect information regarding dietary 
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intakes. The FFQ relies on subject recall which raises concerns regarding the possibility 
of recall bias among participants who may have either under – or over – reported their 
dietary intake (Kushi, 1994). Under – reporting dietary intake and over – reporting PA 
have been observed in many studies, (Maddison, Mhurchu, Jiang, Vander Hoorn, 
Rodgers, Lawes& Rush, 2007; Mendez et al., 2011). However, it is worth mentioning 
that the FFQ was not self – completed but was conducted by research nutritionists who 
went through extensive training prior to data collection in order to minimize interviewer 
errors. Similarly, inter-observer measurement error in anthropometric assessment was 
minimized by extensive training and follow up to maintain quality of measurement 
among all research nutritionists. 
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CHAPTER VI 
CONCLUSION AND RECOMMENDATIONS 

 
Obesity is a problem of growing concern worldwide, as it predisposes to a 

broad range of medical (such as HTN, DM, DL, IR, etc.) as well as psychosocial 
problems. The etiology of obesity is not fully understood but it is believed to be 
determined by complex interactions between genetic, environmental, and behavioral 
factors. Factors known to cause weight gain include but are not limited to: diet and 
physical inactivity, family history of obesity, genetics, education, SES, etc. (Zhang & 
Hu, 2012).More recently, sleep deprivation has been suggested to increase the risk of 
weight gain and to play a role in the current epidemic of obesity. 

This cross-sectional study was conducted to assess the prevalence of obesity 
among Lebanese urban adults residing in the Greater Beirut area, to examine the 
association of obesity with socio-demographic, lifestyle, and dietary factors, and to 
investigate the association of sleep duration and patterns with obesity. In this 
population, our data revealed age (≥ 40 years old), low SES, low PA, short sleep 
duration and the presence of OSA to be significant predictors of obesity in our study 
sample. 

Findings of this study showed a high prevalence of obesity among the study 
population (41.5%). This prevalence rate was higher than those reported in some 
MENA regions (Morocco, Tunisia, Algeria, Iran, Palestine, and Oman) and European 
countries (France, Italy, and England). Our findings, therefore, underline the importance 
of building culturally – appropriate, community-based interventions to help increase 
health awareness in Lebanon, especially among older adults (≥ 40 years) and low SES 
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individuals. It is crucial to understand the importance of a healthy balanced diet and PA 
in the prevention of lifestyle – related diseases, regardless of genetic susceptibility. 
Strategies to improve the environment within which individual behavioral decisions are 
made, such as those related to cost of healthy foods, food availability, and access to PA 
opportunities, must be considered. Those responsible in the public health sector, like 
policy makers and commissioners of health services, should tailor their resources and 
efforts to tackle obesity in the Lebanese adult population. 

The present study also supports an association between suboptimal sleeping 
patterns with obesity. Sleep deprivation has been shown to contribute to obesity by 
influencing neuroendocrine hormones (leptin and ghrelin), thus affecting food intake 
and EE (Taheri et al., 2004). Our data showed that almost half of the study population 
who reported to sleep less than the recommended 7 hours on weekdays (51.1%) and 
weekends (66.1%) were obese. Furthermore, the odds of obesity were found to be six 
times higher in subjects reporting OSA compared to those without OSA. Sleep appears 
to be one of the multifactorial factors that contribute to obesity. Because there are many 
aspects of sleep that appear to impact weight, and because the interactions between 
sleep and obesity are often bidirectional and complex, there is a need to better 
understand the association between the sleep and weight gain.  

This study is the first to explore the association of sleep duration and sleep 
patterns with body weight and the risk of obesity in the Lebanese urban adult 
population, residing in the Greater Beirut area. However, further research is needed in 
Lebanon and Eastern Mediterranean countries to further confirm our findings. 
Longitudinal studies for monitoring sleep duration and energy balance is necessary to 
better understand the effect of adequate sleep in fighting against obesity. From a public 
health perspective, it is crucial to integrate sleep awareness among Lebanese adults as it 
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has recently been shown to play an important role in the obesity epidemic. There is little 
risk in encouraging healthy sleep and efforts to educate individuals regarding the 
deleterious effects of sleep deprivation on long – term health and well – being should be 
considered.  
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APPENDIX I 
PARTICIPANT CONSENT FORM (ARABIC) 
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APPENDIX II 
PARTICIPANT CONSENT FORM (ENGLISH) 
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 APPENDIX III 
ARABIC QUESTIONNAIRE 
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APPENDIX IV 
ENGLISH QUESTIONNAIRE 

 

 



 

86 

 



 

87 

 
 



 

88 

 



 

89 

 



 

90 

 



 

91 
 



 

92 

 



 

93 

 



 

94 

 
 



 

95 

 
 



 

96 

 



 

97 

 



 

98 

 



 

99 
 



 

100 

 



 

101 

BIBLIOGRAPHY 
 
Abu-Rmeileh, N.M., Husseini, A., Capewell, S. & O'Flaherty, M. (2013). “Preventing 

type 2 diabetes among Palestinians: comparing five future policy scenarios”. 
BMJ Open 3(12), e003558.  

Acebo, C., Sadeh, A., Seifer, R., Tzischinsky, O., Hafer, A. & Carskadon, M.A. (2005). 
“Sleep/wake patterns derived from activity monitoring and maternal report for 
healthy 1- to 5-year-old children”. Sleep 28(12), 1568-1577.  

Adams, T.D., Heath, E.M., LaMonte, M.J., Gress, R.E., Pendleton, R., Strong, M., . . . 
Hunt, S.C. (2007). “The relationship between body mass index and per cent 
body fat in the severely obese”. Diabetes Obes Metab 9(4), 498-505.  

Aida Turrini, M.S. & Joy Ngo. (2009). “European Nutrition and Health Report 2009”. 
Annals of Nutrition and Metabolism.  

Al Ali, R., Rastam, S., Fouad, F. M., Mzayek, F. & Maziak, W. (2011). “Modifiable 
cardiovascular risk factors among adults in Aleppo, Syria”. International 
Journal of Public Health 56(6), 653-662.  

Alberti, K., Eckel, R.H., Grundy, S.M., Zimmet, P.Z., Cleeman, J.I., Donato, K.A., . . . 
Smith, S.C. (2009). “Harmonizing the Metabolic Syndrome A Joint Interim 
Statement of the International Diabetes Federation Task Force on 
Epidemiology and Prevention; National Heart, Lung, and Blood Institute; 
American Heart Association; World Heart Federation; International 
Atherosclerosis Society; and International Association for the Study of 
Obesity”. Circulation 120(16), 1640-1645.  

Al-Daghri, N.M., Al-Attas, O.S., Alokail, M.S., Alkharfy, K.M., Yousef, M., Sabico, S. 
& Chrousos, G.P. (2011). “Diabetes mellitus type 2 and other chronic non-
communicable diseases in the central region, Saudi Arabia (Riyadh cohort 2): a 
decade of an epidemic”. BMC Medicine 9(1), 1.  

Arora, T. (2012). “Sleep and its association with metabolic function across the 
lifespan”. University of Birmingham.    

Ascherio, A., Hennekens, C., Willett, W.C., Sacks, F., Rosner, B., Manson, J., . . . 
Stampfer, M.J. (1996). “Prospective study of nutritional factors, blood 
pressure, and hypertension among US women”. Hypertension 27(5), 1065-
1072.  

Atek, M., Traissac, P., El Ati, J., Laid, Y., Aounallah-Skhiri, H., Eymard-Duvernay, S., 
. . . Boutekdjiret, L. (2013). “Obesity and association with area of residence, 
gender and socio-economic factors in Algerian and Tunisian adults”. PloS One 
8(10), e75640.  



 

102 

Ayatollahi, S. & Ghoreshizadeh, Z. (2010). “Prevalence of obesity and overweight 
among adults in Iran”. Obesity Reviews 11(5), 335-337.  

Azizi, F., Azadbakht, L. & Mirmiran, P. (2005). “Trends in overweight, obesity and 
central fat accumulation among Tehranian adults between 1998–1999 and 
2001–2002: Tehran lipid and glucose study”. Annals of Nutrition and 
Metabolism 49(1), 3-8.  

Bamba, V. & Rader, D.J. (2007). “Obesity and atherogenic dyslipidemia”. 
Gastroenterology 132(6), 2181-2190.  

Barreira, T.V., Staiano, A.E., Harrington, D.M., Heymsfield, S.B., Smith, S.R., 
Bouchard, C. & Katzmarzyk, P.T. (2012). “Anthropometric correlates of total 
body fat, abdominal adiposity, and cardiovascular disease risk factors in a 
biracial sample of men and women”. Paper presented at the Mayo Clin Proc. 

Beccuti, G. & Pannain, S. (2011). “Sleep and obesity”. Current Opinion In Clinical 
Nutrition and Metabolic Care 14(4), 402.  

Benedict, C., Hallschmid, M., Lassen, A., Mahnke, C., Schultes, B., Schiöth, H.B., . . . 
Lange, T. (2011). “Acute sleep deprivation reduces energy expenditure in 
healthy men”. The American Journal of Clinical Nutrition 93(6), 1229-1236.  

Benjelloun, S. (2002). “Nutrition transition in Morocco”. Public Health Nutrition 5(1a), 
135-140.  

Bergmann, M. M., Schütze, M., Steffen, A., Boeing, H., Halkjær, J., Tjonneland, A., . . . 
Rinaldi, S. (2011). “The association of lifetime alcohol use with measures of 
abdominal and general adiposity in a large-scale European cohort”. European 
Journal of Clinical Nutrition 65(10), 1079-1087.  

Berraho, M., El Achhab, Y., Benslimane, A., Rhazi, K.E., Chikri, M. & Nejjari, C. 
(2012). “Hypertension and type 2 diabetes: a cross-sectional study in Morocco 
(EPIDIAM Study)”. Pan African Medical Journal 11(1).  

Bray, G.A. (1992). “Pathophysiology of obesity”. The American Journal of Clinical 
Nutrition 55(2), 488S-494S.  

Calvin, A.D., Albuquerque, F.N., Lopez-Jimenez, F. & Somers, V.K. (2009). 
“Obstructive sleep apnea, inflammation, and the metabolic syndrome”. 
Metabolic Syndrome and Related Disorders 7(4), 271-277.  

Caples, S.M. (2013). “Sleep and Obesity”. In C.A. Kushida (Ed.), Encyclopedia of 
Sleep. Waltham: Academic Press, 408-412. 

Caples, S.M.G.A. & Somers, V.K.  (2005). “Obstructive sleep apnea”. Ann Intern Med. 
142:187–197.  



 

103 

Cappuccio, F.P., Taggart, F.M., Kandala, N.-B. & Currie, A. (2008). “Meta-analysis of 
short sleep duration and obesity in children and adults”. Sleep 31(5), 619.  

Carksdon MA, D.W. (1994). Normal human sleep: an overview in principles and 
practice of sleep medicine.  2nd Ed. Saunders Co., 16-25.  

CDC. (2009). Adult Obesity Causes & Consequences. Center for Disease and Control 
Prevention; available from  http://www.cdc.gov/ obesity/adult/causes.html; 
Internet; accessed 20 June 2015. 

Chamieh, M.C., Moore, H.J., Summerbell, C., Tamim, H., Sibai, A.M. & Hwalla, N. 
(2015). “Diet, physical activity and socio-economic disparities of obesity in 
Lebanese adults: findings from a national study”. BMC Public Health 15(1), 1, 
279.  

Cheung, Y.B., Machin, D., Karlberg, J. & Khoo, K.S. (2004). “A longitudinal study of 
pediatric body mass index values predicted health in middle age”. Journal Of 
Clinical Epidemiology 57(12), 1316-1322.  

Croezen, S., Visscher, T., Ter Bogt, N., Veling, M. & Haveman-Nies, A. (2009). 
“Skipping breakfast, alcohol consumption and physical inactivity as risk 
factors for overweight and obesity in adolescents: results of the E-MOVO 
project”. European Journal of Clinical Nutrition 63(3), 405-412.  

Daghestani, M.H. (2009). “A preprandial and postprandial plasma levels of ghrelin 
hormone in lean, overweight and obese Saudi females”. Journal of King Saud 
University-Science 21(2), 119-124.  

Dandona, P., Aljada, A. & Bandyopadhyay, A. (2004). “Inflammation: the link between 
insulin resistance, obesity and diabetes”. Trends in Immunology 25(1), 4-7.  

David York, P.D. (2000). The Practical Guide Identification, Evaluation, and 
Treatment of Overweight and Obesity in Adults. NIH Publication Number 00-
4084.  

Dehghan, M., Akhtar-Danesh, N. & Merchant, A.T. (2005). “Childhood obesity, 
prevalence and prevention”. Nutrition Journal 4(1), 24.  

Deurenberg, P. & Yap, M. (1999). “The assessment of obesity: methods for measuring 
body fat and global prevalence of obesity”. Best Practice & Research Clinical 
Endocrinology & Metabolism 13(1), 1-11.  

Diaz, E., Villar, J., Immink, M. & Gonzales, T. (1989). “Bioimpedance or 
anthropometry”? European Journal of Clinical Nutrition 43(2), 129-137.  

Diaz-Melean, C.M., Somers, V.K., Rodriguez-Escudero, J.P., Singh, P., Sochor, O., 
Llano, E.M. & Lopez-Jimenez, F. (2013). “Mechanisms of adverse 
cardiometabolic consequences of obesity”. Current Atherosclerosis Reports 
15(11), 1-10.  



 

104 

Dinges, D.F., Rogers, N. & Baynard, M. (2005). “Chronic sleep deprivation”. 
Principles and Practice of Sleep Medicine 4, 67-76.  

Drager, L.F., Togeiro, S.M., Polotsky, V.Y. & Lorenzi-Filho, G. (2013). “Obstructive 
Sleep Apnea: A Cardiometabolic Risk in Obesity and the Metabolic 
Syndrome”. Journal of the American College of Cardiology, 62(7), 569-576.  

Drewnowski, A. & Specter, S. (2004). “Poverty and obesity: the role of energy density 
and energy costs”. The American Journal of Clinical Nutrition 79(1), 6-16.  

Dunlap, J.C., Loros, J.J. & DeCoursey, P.J. (2004). “Chronobiology: biological 
timekeeping.” Sinauer Associates. 

Ebrahim, S., Kinra, S., Bowen, L., Andersen, E., Ben-Shlomo, Y., Lyngdoh, T., . . . 
Das, S.M. (2010). “The effect of rural-to-urban migration on obesity and 
diabetes in India: a cross-sectional study”. PLoS Med 7(4), e1000268.  

Eckel, R.H., Grundy, S.M. & Zimmet, P.Z. (2005). “The metabolic syndrome”. The 
Lancet 365(9468), 1415-1428.  

El Ati, J., Traissac, P., Delpeuch, F., Aounallah-Skhiri, H., Béji, C., Eymard-Duvernay, 
S., . . . Romdhane, H.B. (2012). “Gender obesity inequities are huge but differ 
greatly according to environment and socio-economics in a North African 
setting: a national cross-sectional study in Tunisia”. PloS one 7(10), e48153.  

El Rhazi, K., Nejjari, C., Zidouh, A., Bakkali, R., Berraho, M. & Gateau, P.B. (2011). 
“Prevalence of obesity and associated sociodemographic and lifestyle factors in 
Morocco”. Public Health Nutrition 14(01), 160-167.  

El-Hazmi, M. & Warsy, A. (2002). “Relationship between age and the prevalence of 
obesity and overweight in Saudi population”. Bahrain Medical Bulletin 24(2), 
1-7.  

El-Zanaty, F. & Way, A. (2009). “Egypt Demographic and Health Survey, 2008”. 
Ministry of Health, El-Zanaty and Associates and Macro International. Cairo, 
Egypt, 431.  

Ezzati, M., Vander Hoorn, S., Lawes, C.M., Leach, R., James, W.P.T., Lopez, A.D., . . . 
Murray, C.J. (2005). “Rethinking the “diseases of affluence” paradigm: global 
patterns of nutritional risks in relation to economic development”. PLoS Med 
2(5), e133.  

Fall, C.H. (2001). “Non-industrialised countries and affluence Relationship with Type 2 
diabetes”. British Medical Bulletin 60(1), 33-50.  

Flegal, K., Carroll, M., Ogden, C. & Curtin, L. (2010). “Prevalence and trends in 
obesity among US adults, 1999-2008”. JAMA 303, 235 - 241.  



 

105 

Flegal, K.M., Carroll, M.D., Kuczmarski, R.J. & Johnson, C.L. (1998). “Overweight 
and obesity in the United States: prevalence and trends, 1960–1994”. 
International Journal of Obesity & Related Metabolic Disorders 22(1).  

Flegal, K.M., Troiano, R.P., Pamuk, E.R., Kuczmarski, R.J. & Campbell, S.M. (1995). 
“The influence of smoking cessation on the prevalence of overweight in the 
United States”. New England Journal of Medicine 333(18), 1165-1170.  

Ford, E.S., Li, C., Wheaton, A.G., Chapman, D.P., Perry, G.S. & Croft, J.B. (2014). 
“Sleep duration and body mass index and waist circumference among US 
adults”. Obesity 22(2), 598-607.  

Gangwisch, J.E., Malaspina, D., Boden-Albala, B. & Heymsfield, S.B. (2005). 
“Inadequate sleep as a risk factor for obesity: analyses of the NHANES I”. 
Sleep -New York Then Westchester- 28(10), 1289.  

García-Álvarez, A., Serra-Majem, L., Ribas-Barba, L., Castell, C., Foz, M., Uauy, R., ... 
Salleras, L. (2007). “Obesity and overweight trends in Catalonia, Spain (1992–
2003): gender and socio-economic determinants”. Public Health Nutrition 
10(11A), 1368-1378.  

Gerber, M., Brand, S., Holsboer-Trachsler, E. & Pühse, U. (2010). “Fitness and exercise 
as correlates of sleep complaints: is it all in our minds”? Medicine And Science 
In Sports And Exercise 42(5), 893-901.  

Glozier, N., Martiniuk, A., Patton, G., Ivers, R., Li, Q., Hickie, I., . . . Stevenson, M. 
(2010). “Short sleep duration in prevalent and persistent psychological distress 
in young adults: the DRIVE study”. Sleep, 33(9), 1139.  

Goel, N., Rao, H., Durmer, J.S. & Dinges, D.F. (2009). “Neurocognitive consequences 
of sleep deprivation”. Paper presented at the Seminars in Neurology. 

Gunturu, S.D. & Ten, S. (2007). “Complications of obesity in childhood”. Pediatric 
Annals 36(2), 96-99.  

Gupta, N.K., Mueller, W.H., Chan, W. & Meininger, J.C. (2002). “Is obesity associated 
with poor sleep quality in adolescents”? American Journal of Human Biology 
14(6), 762-768.  

Haas, J.S., Lee, L.B., Kaplan, C.P., Sonneborn, D., Phillips, K.A. & Liang, S.-Y. 
(2003). “The association of race, socioeconomic status, and health insurance 
status with the prevalence of overweight among children and adolescents”. 
American Journal of Public Health 93(12), 2105-2110.  

Hajian-Tilaki, K. & Heidari, B. (2010). “Association of educational level with risk of 
obesity and abdominal obesity in Iranian adults”. Journal of Public Health 
32(2), 202-209.  



 

106 

Hallal, P.C., Andersen, L.B., Bull, F.C., Guthold, R., Haskell, W., Ekelund, U, & 
Group, L.P.A.S.W. (2012). “Global physical activity levels: surveillance 
progress, pitfalls, and prospects”. The Lancet 380(9838), 247-257.  

Hammami, N., Moghames, P., Shoaib, H., Nasreddine, L., Hwalla, N. & Naja, F. 
(2015). “Validity and Reliability of a Food Frequency Questionnaire among 
Lebanese Children for the Assessment of Energy and Nutrient Intake”. Journal 
of Epidemiology and Community Health 69(1), A3-A3.  

Han, T.S., Sattar, N. & Lean, M. (2006). “ABC of obesity: assessment of obesity and its 
clinical implications”. BMJ 333(7570), 695-698.  

Hargens, T.A., Kaleth, A.S., Edwards, E.S. & Butner, K.L. (2013). “Association 
between sleep disorders, obesity, and exercise: a review”. Nature and Science 
Of Sleep 5, 27.  

Haskell, W.L., Lee, I.-M., Pate, R.R., Powell, K.E., Blair, S.N., Franklin, B.A., . . . 
Bauman, A. (2007). “Physical activity and public health: updated 
recommendation for adults from the American College of Sports Medicine and 
the American Heart Association”. Circulation 116(9), 1081.  

Hasler, G., Buysse, D. J., Klaghofer, R., Gamma, A., Ajdacic, V., Eich, D., . . . Angst, J. 
(2004). “The association between short sleep duration and obesity in young 
adults: a 13-year prospective study”. Sleep 27(4), 661-666.  

He, K., Hu, F., Colditz, G., Manson, J., Willett, W. & Liu, S. (2004). “Changes in intake 
of fruits and vegetables in relation to risk of obesity and weight gain among 
middle-aged women”. International Journal of Obesity 28(12), 1569-1574.  

Heitmann, B.L. (1990). “Evaluation of body fat estimated from body mass index, 
skinfolds and impedance. A comparative study”. European Journal of Clinical 
Nutrition 44(11), 831-837.  

Heslop, P., Smith, G.D., Metcalfe, C., Macleod, J. & Hart, C. (2002). “Sleep duration 
and mortality: the effect of short or long sleep duration on cardiovascular and 
all-cause mortality in working men and women”. Sleep Medicine 3(4), 305-
314.  

Hill, J.O. & Prentice, A.M. (1995). “Sugar and body weight regulation”. The American 
Journal of Clinical Nutrition 62(1), 264S-273S.  

Hill, R. & Davies, P. (2001). “The validity of self-reported energy intake as determined 
using the doubly labelled water technique”. British Journal of Nutrition 85(04), 
415-430.  

Hofstetter, A., Schutz, Y., Jéquier, E. & Wahren, J. (1986). “Increased 24-hour energy 
expenditure in cigarette smokers”. New England Journal of Medicine 314(2), 
79-82.  



 

107 

Horne, J. (2008). “Short sleep is a questionable risk factor for obesity and related 
disorders: statistical versus clinical significance”. Biological Psychology 77(3), 
266-276.  

Hosseini Araghi, M. (2014). “The association between sleep and obesity and its impact 
on health and wellbeing”. University of Birmingham.    

Hosseinpanah, F., Barzin, M., Eskandary, P., Mirmiran, P. & Azizi, F. (2009). “Trends 
of obesity and abdominal obesity in Tehranian adults: a cohort study”. BMC 
Public Health 9(1), 1.  

Houtkooper, L.B., Lohman, T.G., Going, S.B. & Howell, W.H. (1996). “Why 
bioelectrical impedance analysis should be used for estimating adiposity”. The 
American Journal of Clinical Nutrition 64(3), 436S-448S.  

Howarth, N.C., Saltzman, E. & Roberts, S.B. (2001). “Dietary fiber and weight 
regulation”. Nutrition Reviews 59(5), 129-139.  

Hublin, C., Partinen, M., Koskenvuo, M. & Kaprio, J. (2007). “Sleep and mortality: a 
population-based 22-year follow-up study”. Sleep, 30(10), 1245.  

Huot, I., Paradis, G. & Ledoux, M. (2004). “Factors associated with overweight and 
obesity in Quebec adults”. International Journal of Obesity 28(6), 766-774.  

IDF. (2005). “A new IDF worldwide definition of the metabolic syndrome”. Diabetes 
Voice 50(3).  

IPAQ Research Committee. "Guidelines for data processing and analysis of the 
International Physical Activity Questionnaire (IPAQ)–short and long 
forms." Retrieved September 17 (2005): 2008. 

Iwasaki, M., Iemura, A., Oyama, T. & Matsuishi, T. (2010). “A novel subjective sleep 
assessment tool for healthy elementary school children in Japan”. Journal of 
Epidemiology 20(Suppl 2), S476.  

Jafari B, M.V. (2010). “Polysomnography”. Clinics in Chest Medicine. 2.  
Kahn, H.S., Tatham, L.M., Rodriguez, C., Calle, E.E., Thun, M.J. & Heath Jr, C.W. 

(1997). “Stable behaviors associated with adults' 10-year change in body mass 
index and likelihood of gain at the waist”. American Journal of Public Health 
87(5), 747-754.  

Kim, S., DeRoo, L.A. & Sandler, D.P. (2011). “Eating patterns and nutritional 
characteristics associated with sleep duration”. Public Health Nutrition 14(05), 
889-895.  

Klohe-Lehman, D.M., Freeland-Graves, J., Anderson, E.R., McDowell, T., Clarke, K. 
K., Hanss-Nuss, H., . . . Milani, T.J. (2006). “Nutrition knowledge is associated 



 

108 

with greater weight loss in obese and overweight low-income mothers”. 
Journal of the American Dietetic Association 106(1), 65-75.  

Knutson, K.L. (2012). “Does inadequate sleep play a role in vulnerability to obesity”? 
American Journal of Human Biology 24(3), 361-371.  

Koh-Banerjee, P., Franz, M., Sampson, L., Liu, S., Jacobs, D.R., Spiegelman, D., . . . 
Rimm, E. (2004). “Changes in whole-grain, bran, and cereal fiber consumption 
in relation to 8-y weight gain among men”. The American Journal of Clinical 
Nutrition 80(5), 1237-1245.  

Kopelman, P.G. (2000). “Obesity as a medical problem. Nature 404(6778), 635-643.  
Kripke, D.F., Garfinkel, L., Wingard, D.L., Klauber, M.R. & Marler, M.R. (2002). 

“Mortality associated with sleep duration and insomnia”. Arch Gen Psychiatry 
59(2), 131-136.  

Krueger, P.M. & Friedman, E.M. (2009). “Sleep duration in the United States: a cross-
sectional population-based study”. American Journal of Epidemiology 169(9), 
1052-1063.  

Kushi, L.H. (1994). “Gaps in epidemiologic research methods: design considerations 
for studies that use food-frequency questionnaires”. Am J Clin Nutr 59(1 
Suppl), 180S-184S.  

Kuskowska-Wolk, A. & Rössner, S. (1990). “Body mass distribution of a representative 
adult population in Sweden”. Diabetes Research and Clinical Practice 10, 
S37-S41.  

Lauderdale, D.S., Knutson, K.L., Yan, L.L., Rathouz, P.J., Hulley, S.B., Sidney, S. & 
Liu, K. (2006). “Objectively measured sleep characteristics among early-
middle-aged adults the CARDIA study”. American Journal of Epidemiology 
164(1), 5-16.  

Le Roux, C., Patterson, M., Vincent, R., Hunt, C., Ghatei, M. & Bloom, S. (2005). 
“Postprandial plasma ghrelin is suppressed proportional to meal calorie content 
in normal-weight but not obese subjects”. The Journal of Clinical 
Endocrinology & Metabolism 90(2), 1068-1071.  

Leproult, R. & Van Cauter, E. (2010). “Role of sleep and sleep loss in hormonal release 
and metabolism”. Endocr Dev. 17, 11-21.  

Lindström, J., Peltonen, M., Eriksson, J.G., Louheranta, A., Fogelholm, M., Uusitupa, 
M. & Tuomilehto, J. (2006). “High-fibre, low-fat diet predicts long-term 
weight loss and decreased type 2 diabetes risk: the Finnish Diabetes Prevention 
Study”. Diabetologia 49(5), 912-920.  

Ling, C.H., de Craen, A.J., Slagboom, P.E., Gunn, D.A., Stokkel, M.P., Westendorp, 
R.G. & Maier, A.B. (2011). “Accuracy of direct segmental multi-frequency 



 

109 

bioimpedance analysis in the assessment of total body and segmental body 
composition in middle-aged adult population”. Clinical Nutrition 30(5), 610-
615.  

Liu, S., Willett, W.C., Manson, J.E., Hu, F.B., Rosner, B. & Colditz, G. (2003). 
“Relation between changes in intakes of dietary fiber and grain products and 
changes in weight and development of obesity among middle-aged women”. 
The American Journal of Clinical Nutrition 78(5), 920-927.  

Lobstein, T., Baur, L. & Uauy, R. (2004). “Obesity in children and young people: a 
crisis in public health”. Obesity Reviews 5(s1), 4-85.  

Maddison, R., Mhurchu, C.N., Jiang, Y., Vander Hoorn, S., Rodgers, A., Lawes, C.M. 
& Rush, E. (2007). “International physical activity questionnaire (IPAQ) and 
New Zealand physical activity questionnaire (NZPAQ): a doubly labelled 
water validation”. International Journal of Behavioral Nutrition and Physical 
Activity 4(1), 62.  

Magee, C.A. (2008). “A link between chronic sleep restriction and obesity: 
methodological considerations”. Public Health 122(12), 1373-1381.  

Magee, C.A., Huang, X.-F., Iverson, D.C. & Caputi, P. (2010).  “Examining the 
pathways linking chronic sleep restriction to obesity”.  Journal of Obesity.  

Magee, C.A., Iverson, D.C. & Caputi, P. (2009). “Factors associated with short and long 
sleep”. Preventive Medicine 49(6), 461-467.  

Malik, V.S., Schulze, M.B. & Hu, F.B. (2006). “Intake of sugar-sweetened beverages 
and weight gain: a systematic review”. The American Journal of Clinical 
Nutrition 84(2), 274-288.  

Marinou, K., Tousoulis, D., Antonopoulos, A.S., Stefanadi, E. & Stefanadis, C. (2010). 
“Obesity and cardiovascular disease: from pathophysiology to risk 
stratification”. International Journal of Cardiology 138(1), 3-8.  

Mattes, R.D. & Rothacker, D. (2001). “Beverage viscosity is inversely related to 
postprandial hunger in humans”. Physiology & Behavior 74(4), 551-557.  

Meeuwsen, S., Horgan, G.W. & Elia, M. (2009). “The relationship between BMI and 
percent body fat, measured by bioelectrical impedance, in a large adult sample 
is curvilinear and influenced by age and sex”. Clinical Nutrition 29(5), 560-
566.  

Mendez, M.A., Popkin, B.M., Buckland, G., Schroder, H., Amiano, P., Barricarte, A., . . 
. González, C.A. (2011). “Alternative methods of accounting for 
underreporting and overreporting when measuring dietary intake-obesity 
relations”. American Journal of Epidemiology 173(4), 448-458.  



 

110 

Miwa, H., Sasahara, S.-i. & Matsui, T. (2007). “Roll-over detection and sleep quality 
measurement using a wearable sensor”. Paper presented at the Engineering in 
Medicine and Biology Society, 2007. EMBS 2007. 29th  Annual International 
Conference of the IEEE. 

MOH. (2009). “The Epidemiological Surveillance Program and Department of 
Statistics. Population Estimates in Lebanon”. Beirut: Ministry of Health.  

Mokdad, A.H., Bowman, B.A., Ford, E.S., Vinicor, F., Marks, J.S. & Koplan, J.P. 
(2001). “The continuing epidemics of obesity and diabetes in the United 
States”. JAMA 286(10), 1195-1200.  

Mokhtar, N., Elati, J., Chabir, R., Bour, A., Elkari, K., Schlossman, N.P., . . . Aguenaou, 
H. (2001). “Diet culture and obesity in northern Africa”. The Journal of 
Nutrition 131(3), 887S-892S.  

Monteiro, C.A., Moura, E.C., Conde, W.L. & Popkin, B.M. (2004). “Socioeconomic 
status and obesity in adult populations of developing countries: a review”. 
Bulletin of the World Health Organization 82(12), 940-946.  

Morrison, J.A., Friedman, L.A. & Gray-McGuire, C. (2007). “Metabolic syndrome in 
childhood predicts adult cardiovascular disease 25 years later: the Princeton 
Lipid Research Clinics Follow-up Study”. Pediatrics 120(2), 340-345.  

Musaiger, A.O. (2011). “Overweight and obesity in eastern mediterranean region: 
prevalence and possible causes”. Journal of Obesity.  

Myers, M.G., Cowley, M.A. & Münzberg, H. (2008). “Mechanisms of leptin action and 
leptin resistance”. Annu. Rev. Physiol. 70, 537-556.  

Nasreddine, L., Naja, F., Akl, C., Chamieh, M.C., Karam, S., Sibai, A.-M. & Hwalla, N. 
(2014). “Dietary, lifestyle and socio-economic correlates of overweight, 
obesity and central adiposity in Lebanese children and adolescents”. Nutrients 
6(3), 1038-1062.  

Nasreddine, L., Naja, F., Chamieh, M.C., Adra, N., Sibai, A.-M. & Hwalla, N. (2012). 
“Trends in overweight and obesity in Lebanon: evidence from two national 
cross-sectional surveys (1997 and 2009)”. BMC Public Health 12(1), 798.  

Nedeltcheva, A.V., Kessler, L., Imperial, J. & Penev, P.D. (2009). “Exposure to 
recurrent sleep restriction in the setting of high caloric intake and physical 
inactivity results in increased insulin resistance and reduced glucose tolerance”. 
The Journal of Clinical Endocrinology & Metabolism 94(9), 3242-3250.  

Netzer, N.C., Hoegel, J.J., Loube, D., Netzer, C.M., Hay, B., Alvarez-Sala, R. & Strohl, 
K.P. (2003). “Prevalence of symptoms and risk of sleep apnea in primary 
care”. CHEST Journal 124(4), 1406-1414.  



 

111 

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., . . . Abera, 
S.F. (2014). “Global, regional, and national prevalence of overweight and 
obesity in children and adults during 1980–2013: a systematic analysis for the 
Global Burden of Disease Study 2013”. The Lancet 384(9945), 766-781.  

Nieminen, P., Löppönen, T., Tolonen, U., Lanning, P., Knip, M. & Löppönen, H. 
(2002). “Growth and biochemical markers of growth in children with snoring 
and obstructive sleep apnea”. Pediatrics 109(4), e55-e55.  

Nixon, G.M., Thompson, J.M., Han, D.Y., Becroft, D.M., Clark, P.M., Robinson, E., . . 
. Mitchell, E.A. (2008). “Short sleep duration in middle childhood: risk factors 
and consequences”. Sleep 31(1), 71.  

NSF. (2015). “National Sleep Foundation Completes Rigorous Study and Updates 
Recommended Sleep Times at Each Life Stage”. Sleep Health Journal.  

Okosun, I. S., Chandra, K., Choi, S., Christman, J., Dever, G. & Prewitt, T.E. (2001). 
“Hypertension and type 2 diabetes comorbidity in adults in the United States: 
risk of overall and regional adiposity”. Obesity Research 9(1), 1-9.  

Ong, C.W., O’Driscoll, D.M., Truby, H., Naughton, M.T. & Hamilton, G.S. (2013). 
“The reciprocal interaction between obesity and obstructive sleep apnoea”. 
Sleep Medicine Reviews 17(2), 123-131.  

Organization, W.H. (1998). “Obesity: preventing and managing the global epidemic.” 
Report of a WHO consultation on obesity, Geneva, 3-5 June 1997.  

Otto, T.C. & Lane, M.D. (2005). “Adipose development: from stem cell to adipocyte”. 
Critical Reviews in Biochemistry and Molecular Biology 40(4), 229-242.  

Owen, N., Leslie, E., Salmon, J. & Fotheringham, M.J. (2000). “Environmental 
determinants of physical activity and sedentary behavior”. Exercise and Sport 
Sciences Reviews 28(4), 153-158.  

Pate, R.R., Pratt, M., Blair, S.N., Haskell, W.L., Macera, C.A., Bouchard, C., . . . King, 
A.C. (1995). “Physical activity and public health: a recommendation from the 
Centers for Disease Control and Prevention and the American College of 
Sports Medicine”. JAMA 273(5), 402-407.  

Patel, S.R. & Hu, F.B. (2008). “Short sleep duration and weight gain: a systematic 
review”. Obesity 16(3), 643-653.  

Pereira, M.A. & Ludwig, D.S. (2001). “Dietary fiber and body-weight regulation: 
observations and mechanisms”. Pediatric Clinics of North America 48(4), 969-
980.  

Pi‐Sunyer, F.X. (2002). “The obesity epidemic: pathophysiology and consequences of 
obesity”. Obesity Research 10(S12), 97S-104S.  



 

112 

Popkin, B.M. (1999). “Urbanization, lifestyle changes and the nutrition transition”. 
World Development, 27(11), 1905-1916.  

Prior, B.M., Cureton, K.J., Modlesky, C.M., Evans, E.M., Sloniger, M.A., Saunders, M. 
& Lewis, R.D. (1997). “In vivo validation of whole body composition 
estimates from dual-energy X-ray absorptiometry”. Journal Of Applied 
Physiology 83(2), 623-630.  

Reaven, G.M. (1995). “Pathophysiology of insulin resistance in human disease”. 
Physiological Reviews 75(3), 473-486.  

Reidpath, D.D., Burns, C., Garrard, J., Mahoney, M. & Townsend, M. (2002). “An 
ecological study of the relationship between social and environmental 
determinants of obesity”. Health & Place 8(2), 141-145.  

Rothman, K.J.G.,S. (1998). Modern Epidemiology. 2nd Ed. Philadelphia: Lippincott-
Raven, 166-169.  

Sabaté, J. (2003). “Nut consumption and body weight”. The American Journal of 
Clinical Nutrition 78(3), 647S-650S.  

Sánchez-Vaznaugh. (2009). “Do socioeconomic gradients in body mass index vary by 
race/ethnicity, gender, and birthplace”? American Journal of Epidemiology 
169(9), 1102-1112.  

Schmid, S.M., Hallschmid, M., Jauch-Chara, K., Wilms, B., Benedict, C., Lehnert, H., . 
. . Schultes, B. (2009). “Short-term sleep loss decreases physical activity under 
free-living conditions but does not increase food intake under time-deprived 
laboratory conditions in healthy men”. The American Journal Of Clinical 
Nutrition 90(6), 1476-1482.  

Schoeller, D.A. (1995). “Limitations in the assessment of dietary energy intake by self-
report”. Metabolism 44, 18-22.  

Schoenborn, C. & Adams, P. (2010). “Health behaviors of adults: United States, 2005-
2007”. Vital and Health Statistics. Series 10, Data from the National Health 
Survey (245), 1-132.  

Segal, K.R., Burastero, S., Chun, A., Coronel, P., Pierson, R. & Wang, J. (1991). 
“Estimation of extracellular and total body water by multiple-frequency 
bioelectrical-impedance measurement”. The American Journal of Clinical 
Nutrition 54(1), 26-29.  

Sharma, S. K., et al. "Validation of the modified Berlin questionnaire to identify 
patients at risk for the obstructive sleep apnoea syndrome." Indian J Med 
Res 124.3 (2006): 281-290. 

Shimokata, H., Muller, D.C. & Andres, R. (1989). “Studies in the distribution of body 
fat: III. Effects of cigarette smoking”. JAMA 261(8), 1169-1173.  



 

113 

Sibai, A., Nasreddine, L., Mokdad, A., Adra, N., Tabet, M. & Hwalla, N. (2010). 
“Nutrition transition and cardiovascular disease risk factors in Middle East and 
North Africa countries: reviewing the evidence”. Ann Nutr Metab 57, 193 - 
203.  

Sibai, A.M., Hwalla, N., Adra, N. & Rahal, B. (2003). “Prevalence and covariates of 
obesity in Lebanon: findings from the first epidemiological study”. Obesity 
Research 11(11), 1353-1361.  

Silber, M.H., Ancoli-Israel, S., Bonnet, M.H., Chokroverty, S., Grigg-Damberger, M. 
M., Hirshkowitz, M., . . . Iber, C. (2007). “The visual scoring of sleep in 
adults”. J Clin Sleep Med 3(2), 121-131.  

Sjöström, L., Smith, U., Krotkiewski, M. & Björntorp, P. (1972). “Cellularity in 
different regions of adipose tissue in young men and women”. Metabolism 
21(12), 1143-1153.  

Snitker, S. (2010). “Use of Body Fatness Cutoff Points”. Mayo Clin Proc 85(11), 1057.  
Spiegel, K., Tasali, E., Penev, P. & Van Cauter, E. (2004). “Brief communication: Sleep 

curtailment in healthy young men is associated with decreased leptin levels, 
elevated ghrelin levels, and increased hunger and appetite”. Annals of Internal 
Medicine 141(11), 846-850.  

Strasser, B. (2013). “Physical activity in obesity and metabolic syndrome”. Annals of 
the New York Academy of Sciences 1281(1), 141-159.  

Stunkard, A J. (1996). “Socioeconomic status and obesity”. Origins and Consequences 
of Obesity 201, 174-187.  

Stunkard, A.J. (1988). “The Salmon lecture. Some perspectives on human obesity: its 
causes”. Bulletin of the New York Academy of Medicine 64(8), 902.  

Subar, A.F., Kipnis, V., Troiano, R.P., Midthune, D., Schoeller, D.A., Bingham, S., . . . 
Ballard-Barbash, R. (2003). “Using intake biomarkers to evaluate the extent of 
dietary misreporting in a large sample of adults: the OPEN study”. American 
Journal of Epidemiology 158(1), 1-13.  

Taheri, S. (2006). “The link between short sleep duration and obesity: we should 
recommend more sleep to prevent obesity”. Archives of Disease in Childhood 
91(11), 881-884.  

Taheri, S., Lin, L., Austin, D., Young, T. & Mignot, E. (2004). “Short sleep duration is 
associated with reduced leptin, elevated ghrelin, and increased body mass 
index”. PLoS Med 1(3), e62.  

Taylor, A.E., Ebrahim, S., Ben-Shlomo, Y., Martin, R.M., Whincup, P.H., Yarnell, J. 
W., . . . Lawlor, D.A. (2010). “Comparison of the associations of body mass 
index and measures of central adiposity and fat mass with coronary heart 



 

114 

disease, diabetes, and all-cause mortality: a study using data from 4 UK 
cohorts”. The American Journal of Clinical Nutrition 91(3), 547-556.  

Tchernof, A. & Després, J.-P. (2013). “Pathophysiology of human visceral obesity: an 
update”. Physiological Reviews 93(1), 359-404.  

Touchette, É., Petit, D., Séguin, J.R., Boivin, M., Tremblay, R.E. & Montplaisir, J.Y. 
(2007). “Associations between sleep duration patterns and behavioral/cognitive 
functioning at school entry”. Sleep 30(9), 1213.  

Trabulsi, J. & Schoeller, D.A. (2001). “Evaluation of dietary assessment instruments 
against doubly labeled water, a biomarker of habitual energy intake”. American 
Journal of Physiology-Endocrinology and Metabolism 281(5), E891-E899.  

Tschöp, M., Weyer, C., Tataranni, P.A., Devanarayan, V., Ravussin, E. & Heiman, 
M.L. (2001). “Circulating ghrelin levels are decreased in human obesity”. 
Diabetes 50(4), 707-709.  

Tuomilehto, H., Seppä, J. & Uusitupa, M. (2013). “Obesity and obstructive sleep 
apnea–Clinical significance of weight loss”. Sleep Medicine Reviews 17(5), 
321-329.  

Van Greevenbroek, M., Schalkwijk, C. & Stehouwer, C. (2013). “Obesity-associated 
low-grade inflammation in type 2 diabetes mellitus: causes and consequences”. 
Neth J Med 71(4), 174-187.  

Villareal, D.T., Apovian, C.M., Kushner, R.F. & Klein, S. (2005). “Obesity in older 
adults: technical review and position statement of the American Society for 
Nutrition and NAASO, The Obesity Society”. Obesity Research 13(11), 1849-
1863.  

Vioque, J., Torres, A. & Quiles, J. (2000). “Time spent watching television, sleep 
duration and obesity in adults living in Valencia, Spain”. International Journal 
of Obesity 24(12), 1683-1688.  

Wang, G.-J., Volkow, N. D., Telang, F., Jayne, M., Ma, J., Rao, M., . . . Geliebter, A. 
(2004). “Exposure to appetitive food stimuli markedly activates the human 
brain”. Neuroimage 21(4), 1790-1797.  

Ward, K.D., Klesges, R.C. & Vander Weg, M.W. (2001). “Cessation of smoking and 
body weight”. International Textbook of Obesity 323-336.  

Weiss, A., Xu, F., Storfer-Isser, A., Thomas, A., Ievers-Landis, C.E., & Redline, S. 
(2010). “The association of sleep duration with adolescents' fat and 
carbohydrate consumption”. Sleep 33(9), 1201.  

Weiss, R., Dziura, J., Burgert, T.S., Tamborlane, W.V., Taksali, S.E., Yeckel, C.W., . . . 
Morrison, J. (2004). “Obesity and the metabolic syndrome in children and 
adolescents”. New England Journal of Medicine 350(23), 2362-2374.  



 

115 

Wen, C.P., David Cheng, T.Y., Tsai, S.P., Chan, H.T., Hsu, H.L., Hsu, C.C. & Eriksen, 
M.P. (2009). “Are Asians at greater mortality risks for being overweight than 
Caucasians”? Redefining obesity for Asians. Public Health Nutr 12(4), 497-
506.  

Westerterp-Plantenga, M., Lejeune, M., Nijs, I., Van Ooijen, M. & Kovacs, E. (2004). 
“High protein intake sustains weight maintenance after body weight loss in 
humans”. International Journal of Obesity 28(1), 57-64.  

WHO. (2011a). “Global Database on Body Mass Index”. World Health Organization. 
WHO. (2011b). “Noncommunicable Diseases Country Profiles”. World Health 

Organization. 
WHO. (2014). “Obesity and overweight.” World Health Organization; available from 

http://www.who.int/mediacentre/factsheets/fs311/ en/; Internet; accessed 20 
June 2015.  

Willett, W.C. (1998). “Nutrition and chronic disease”. Public Health Rev 26(1), 9-10.  
Williams, D., Grill, H., Cummings, D. & Kaplan, J. (2006). “Overfeeding-induced 

weight gain suppresses plasma ghrelin levels in rats”. Journal of 
endocrinological investigation 29(10), 863-868.  

Williamson, D.F., Madans, J., Anda, R.F., Kleinman, J.C., Giovino, G.A. & Byers, T. 
(1991). “Smoking cessation and severity of weight gain in a national cohort”. 
New England Journal of Medicine 324(11), 739-745.  

Yeomans, M.R. (2010). “Alcohol, appetite and energy balance: is alcohol intake a risk 
factor for obesity”? Physiology & Behavior 100(1), 82-89.  

Yi, H., Shin, K. & Shin, C. (2006). “Development of the sleep quality scale”. Journal 
Of Sleep Research 15(3), 309-316.  

Yoon, Y. S., Oh, S.W. & Park, H.S. (2006). “Socioeconomic status in relation to obesity 
and abdominal obesity in Korean adults: a focus on sex differences”. Obesity 
14(5), 909-919.  

Zeng, Q., Dong, S.Y., Sun, X.N., Xie, J. & Cui, Y. (2012). “Percent body fat is a better 
predictor of cardiovascular risk factors than body mass index”. Braz J Med 
Biol Res 45(7), 591-600.  

Zhang, C. & Hu, F.B. (2012). “Determinants of obesity”. Maternal Obesity 8.  
Zhu, S., St-Onge, M.-P., Heshka, S. & Heymsfield, S.B. (2004). “Lifestyle behaviors 

associated with lower risk of having the metabolic syndrome”. Metabolism 
53(11), 1503-1511.  

 


