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More recently, Low & colleagues (2009) published a literature review on the epidemic of 

obesity based on 3 previous reviews that examined the prevalence levels and the trends 

of overweight and obesity in the USA (Wang & Beydoun, 2007), China (Wang et al., 

2007), and worldwide (Wang & Lobstein, 2006). The researchers covered all age groups 

of interest in the population: adults, children and adolescents (Low et al., 2009). 

The review by Wang and Beydoun on obesity in the USA used WHO cut-off points of 25 

kg/m2 and 30 kg/m2 for identifying overweight and obese respectively in adults (Wang & 

Beydoun, 2007). Wang et al. added to their review Chinese standards of being overweight 

(24 kg/m2) and obese (28 kg/ m2) (Wang et al., 2007). The review by Wang and Lobstein 

used the international obesity task force (IOTF) cut-off points based on BMI centile curves 

that passed through the adult cut-off points of BMI 25 kg/m2 and 30 kg/m2 for being 

overweight and obese respectively (Wang & Lobstein, 2006). 

The compiled data reported the prevalence of overweight and obesity among adults in 

low, middle, and high income countries, and noted considerable differences within the 

three categories. The prevalence of overweight for both genders ranged from 23.2% in 

Japan to 66.3% in the USA and 72.5% in Saudi Arabia in high income countries, and from 

13.4% in Indonesia to 59.7% in Chile in low to middle income countries (Low et al., 2009). 

The prevalence of obesity was generally higher among females compared to males 

mainly in low-middle income countries, with an increasing trend with age. The highest 

obesity prevalence was reached at around the age of 50 to 60 years in most high income 

countries, and earlier at around 40 to 50 years of age in many low to middle income 

countries. Among the older age groups, a drop in prevalence was noted (Low et al., 

2009). 

All in all, an increase in the average annual change in obesity occurrence was observed, 

ranging from 0.2% to 18.5% in high income countries and from 0.1% to 35.3% in low to 

middle income countries (WHO Global Database, 2006; Low et al., 2009). However, few 

studies have reported no significant change or rather a decrease in the trend of 

prevalence of obesity (Ogden et al., 2008; Branca et al., 2007a). The report from the 

National Center for Health Statistics in the USA noted that the prevalence of obesity 

showed no significant change in adults in the USA between 2003-2004 and between 

2005- 2006, and a leveling off in the years 2007-2008 (Ogden et al., 2008; Flegal et al., 

2010).   

Compiling data from the WHO Global database on Body Mass Index that uses WHO 

recommended BMI cut-off points to produce internationally comparable results (World 

Health Organization, 2012), Figures 2.1 and 2.2 provide the most recent available data 

on adult obesity prevalence in males and females, respectively, in selected low to upper 
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middle income countries, as well as in high income countries in the MENA region (World 

Health Organization, 2012). 

Figure 1.1 shows highest prevalence rates of obesity among males in high income 

countries as compared to the lower income ones. Of the affluent MENA region countries, 

the highest prevalence rate was reported in Kuwait comparable to the European country 

Ireland, and higher than that of Canada and Australia. Of the lower income countries, only 

Iraq showed a high prevalence rate that is comparable to those of high income ones. 

Among females (Figure 1.2), higher prevalence rates were reported compared to males in 

all countries except for Ireland. The highest rate among the high income countries was 

noted in Saudi Arabia and Kuwait, probably related to cultural preferences of plumpness 

among females, followed by Egypt and Iraq of lower economic standing.  Although India, a 

lower middle income country, exhibited considerably lowest prevalence obesity rates in 

both genders as compared to its counterpart countries, prevalence rate among females is 

almost 2 fold higher than that of males, highlighting again the more complex gender 

variation in obesity prevalence and its contributing factors. 

 

 
 
Figure 1.1 Obesity Prevalence rates among adult males in lower middle income 
countries, upper middle income countries, and high income countries 
Compiled from the World Health Organization (2012). Global Database on Body Mass Index. 
Retrieved on February 2012 from http://apps.who.int/bmi/index.jsp  
(Survey year: Egypt, 2008; India, 2006; Iraq, 2006; Jordan, 2006; Turkey, 2007, Iran, 2005; Saudi 
Arabia, 2005; Ireland, 2007; Kuwait, 2009; Australia, 2008; Canada, 2004) 
 
 
 

http://apps.who.int/bmi/index.jsp
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Figure 1.2 Obesity Prevalence rates among adult females in lower middle income 
countries, upper middle income countries, and high income countries 
Compiled from the World Health Organization (2012). Global Database on Body Mass Index. 
Retrieved on February 2012 from http://apps.who.int/bmi/index.jsp 
 

 

Certainly, nutrition transition has been noted among both men and women in Middle 

Eastern countries, especially high income ones such as Arab Gulf Countries, in addition to 

most middle income countries of the region such as Egypt and Jordan. Specifically, 

nutrition transition was more prevalent in urban areas, and in some high socioeconomic 

sectors of the low income countries where high prevalence rates of obesity similar to 

those in high income countries were reported (Musaiger, 2011). Researchers still report 

that the burden of overweight is greater among the wealthier population of the low to 

middle income countries; a cross section analysis using a nationally-representative data 

collected at 2 time points in 37 of these countries showed that in only 6 of these countries, 

accelerated weight gain was observed in the poorer segments of the community 

compared with their wealthier counterparts (Neuman et al., 2011). 

1.3 Obesity Determinants 

It has been well reported that obesity is culturally rooted, and that approaches to deal with 

obesity should begin with understanding how obesity is internalized by individuals, 

communities and societies (Ulijaszek & Lofink, 2006). While in Europe social pressure to 

pursue thinness is described to be high (Mclaren, 2007), there is widespread culturally- 

related tolerance to fatness in some Arab countries such as Kuwait, Qatar, and Morocco 

(Al-Isa, 1999; Musaiger, 2004; Rguibi & Belhasen, 2004; Musaiger, 2011). Moreover, 

http://apps.who.int/bmi/index.jsp










 
 

13 

Increased tobacco consumption in developing countries experiencing demographic 

transition (rural to urban) has been observed, and a large magnitude of health problems 

associated with smoking has been reported (Baddoura & Chidiac, 2001). All countries of 

the Eastern Mediterranean Region report a higher prevalence of male smokers than 

female smokers. Alarmingly high smoking rates in males were reported in Lebanon (46%), 

Jordan (48%) and Syria (51%). For females, the highest smoking rates were found in 

Lebanon (35%) (WHO, 2003). Despite various efforts by different governmental and non-

governmental organizations, anti-smoking legislation is effectively nonexistent in Lebanon.  

Alcohol 

Another socially and somewhat sensitive element that might exhibit associations with BMI 

is alcohol consumption. Alcohol is a source of dietary energy providing 28.8 KJ/g 

(Rumplet et al., 1996), and its constituent ethanol is the least satiating dietary 

macronutrient (Yeomans et al., 2003; Almiron-Roig et al., 2003). Physiologically, alcohol 

may be a contributor to excess body weight by providing an extra energy source and by 

acting as a catalyst to increased food intake by stimulating appetite (Yeomans et al., 

2003; Caton et al., 2004; Breslow & Smothers, 2005). On the other hand, the relationship 

between alcohol intake and BMI involves lifestyle and social factors that make this 

relationship complex, and therefore a direct cause / effect association cannot be assumed 

(Almiron-Roig et al., 2003; de Castro, 2000). 

Lebanon is a country that is at a crossroad between the eastern and the western cultures. 

It is home to three major religions (Christianity, Islam, and Druze) with different religious 

doctrines regarding alcohol use, ranging from the most proscriptive Muslim religion that 

prohibits the use of alcohol, to the more moderate Druze faith that neither prohibits alcohol 

nor tolerates it, to the least proscriptive Christian religion. In Lebanon, alcohol is not 

prohibited by law as is the case in some other Arab Countries. Lower prevalence of 

alcohol use and alcohol use disorders was reported especially among the Muslim 

population, and this lower prevalence has been significantly linked to religiosity (Ghandour 

et al., 2009). 

Studies on alcohol consumption prevalence and its association with body weight are rare 

in the MENA region. Alcohol consumption prevalence rates of 69 % and 45.8% have been 

reported in Lebanese males and females> 15 years, respectively (WHO, 2003). A recent 

study on alcohol use among Lebanese university students, lifetime alcohol use was 

reported in 71% of the students, significantly more in males (Ghandour, 2009). 
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In a more recent cross sectional study carried out among Lebanese adults, walking was 

reported as the most favourable choice of physical activity among both men and women, 

probably related to the achievement of physical activity at a free cost (Al-Tannir et al., 

2009). An interesting suggestion by Al-Tannir and colleagues (2009) was that higher BMI 

was not a stimulating factor for physical activity among the study participants; on the 

contrary, physically active Lebanese adults were more likely to be less obese than 

physically inactive ones. The study also reported less desire for sports and decreased 

physical activity among obese adults, smokers, and those who were greater or equal to 45 

years of age (Al-Tannir et al., 2009). 

To summarize the impact of cultural preferences that in turn influence food intake and 

physical activity, an study conducted among a group of Arab students in the American 

University in Cairo found that female students reported their ideal weight to be significantly 

lower than their current one (Ford et al., 1990); this finding indicates the beginning of 

change in cultural perspectives on body weight in the developing countries of the MENA 

region. More recently, and in some Arab countries in the region, it has been proposed that 

western standards of beauty have contributed to the preoccupation with thinness and 

body dissatisfaction in women. Arab females therefore might be experiencing a growing 

conflict between Western values and Arab Tradition (Mousa et al., 2009). Generally, with 

the global marketing of thinness as the standard of beauty among women, accompanied 

with rapid social change in cultures in which plumpness was traditionally a sign of beauty, 

the pursuit of thinness as an aesthetic ideal may well become an upper-class aspiration in 

the developing world (Mclaren, 2007). Although high cultural valuation of body fatness 

may contribute to the emergence of obesity in certain cultures of the MENA region, it may 

possibly cease to be an important contributor in the subsequent generations (Ulijaszek & 

Lofink, 2006). 

1.3.3 Socio-economic Determinants of Obesity 

While numerous studies support the inverse relationship between SES and obesity in high 

income countries such as the USA, Australia, France, Great Britain and Spain (Albright et 

al., 2005; Mauro et al., 2008; Proper et al., 2007; Lioret et al., 2007; Brodersen et al., 

2007; Randall et al., 2009), the association between SES and obesity in middle and low 

income countries is less clear (WHO, 2000). In general, obesity has been associated with 

high socioeconomic status in middle and low income countries, including those in 

transition (Neuman et al., 2011). 

A review on findings from studies published between 1989 and 2003 on socioeconomic 

status and obesity in adult populations of middle and low income countries was carried out 

by Monteiro et al. (Monteiro et al., 2004c). These studies included countries from Central 

Eastern Europe, Latin America and the Caribbean, Middle-East and North Africa, South 
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among different social and cultural groups. In some developing countries, obesity is still a 

symbol of riches and beauty and thus desirable (Sibai et al., 2003; Olalekan & Uthman, 

2009), whereas in the US and Western Europe, it is usually rejected as a symbol of social 

standing (Grundy, 1998; Maclaren & Kuh., 2004; Maclaren, 2007). 

Income 

Income is another socio-economic indicator associated with obesity prevalence, 

particularly when coupled with lower levels of education and health-related knowledge 

(Groth et al., 2001). Higher consumption of less expensive and more energy-dense foods 

can be expected from individuals with lower income or frequent economic difficulties 

accompanied by an inclination towards less leisure-time and fewer chances for 

recreational exercise (Sobal & Stunkard, 1989; Power, 2005; Travers et al., 1997; 

Drewnowski & Specter, 2004; Drewnowski et al., 2004).   

 A study carried out in Australia reported that food purchasing behaviours among the 

socio-economically disadvantaged were least in agreement with the national dietary 

recommendations (Turrell et al., 2003). Similarly, in France, energy-dense diets high in fat 

and sugar continue to be a much cheaper choice than the more nutrient-dense foods 

(Drewnowski et al., 2004; Andrieu et al., 2006). Researchers reported gender differences 

in the effect of income on healthy habits and weight. In men, education and occupation 

play a more important role than income in determining healthy food habits and thus weight 

(Lalluka et al., 2007). On the other hand, women with a higher income were more likely to 

follow a healthy diet (Lalluka et al., 2007; Santos & Barros, 2003). Moreover, home 

ownership as a surrogate of wealth has been found to have a more direct health-

promoting effect in men (Krieger et al., 1997) than in women (Macintyre et al., 1998). In 

accordance with previous findings, the Health Survey for England 2004-2008, showed that 

obesity prevalence rises steadily with falling household income predominantly in women, 

whereas in men, the variation in obesity prevalence between  the highest and lowest 

income is small (National Obesity Observatory, 2010). Several studies have also reported 

positive associations between SES and body size, most commonly among women in 

middle and low income countries (Ball & Crawford., 2005; Mclaren & Kuh, 2004). On the 

other hand, a positive association between income and body weight was evident in men 

from all the three levels of low (Zambia), medium (Brazil), and high (United Kingdom) 

income countries (Mclaren L, 2007). 

Notably, several cross sectional studies have shown a relationship between household 

food insecurity and adult obesity (Townsend et al., 2001; Adams et al., 2003; Martin & 

Drewnoski, 2004; Ferris, 2007). Food insecurity is defined as not having access at all 

times to sufficient food for an active healthy lifestyle, because nutritious food products are 

either not consistently available or households are not consistently able to afford such 
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food products (Martin & Ferris, 2007). The economics of food choice behaviour suggests 

that the low cost of cheap high energy dense foods may be a more powerful predictor of 

weight gain than any one food or beverage (Chou et al., 2004; Lakdawalla & Philipson, 

2002; Darmon et al., 2003; Darmon & Ferguson, 2002; World Health Organization, 2004). 

Hence, one of the major possible explanations for the link between food insecurity and 

adult obesity include the fact that high fat high calorie food products cost less than 

healthful food (Drewnosky & Specter, 2004). In addition, food insecure households may 

experience disrupted eating patterns, varying between feast and famine that can have 

metabolic consequences (Martin & Ferris, 2007).  

For food insecure adults, strategies that merely increase nutrition awareness may not be 

adequate to combat obesity (Drewnoski, 2004; Martin &Ferris, 2007). Weight loss or 

weight gain prevention recommendations to eat less and exercise more prove more 

challenging for food insecure adults who have less access to reasonably priced healthful 

food (fruits, vegetables, whole grains, and lean meats), but easy access to cheap energy 

dense food, not to overlook less access to safe affordable outlets for physical activity 

(Martin & Ferris, 2007).  

Gender differences also exist in the association between adult obesity and food security. 

Investigators have reported that women with low food security were more likely to be 

obese. With time, increasingly severe food insecurity may cause deteriorating diet quality 

and poor food management rather than reduced  energy intake, until a very low level of 

food security is reached (Frongillo,  2003; Hanson et al., 2007). On the other hand, 

compared with fully-secured men, women with low food security exhibited a lighter body 

weight; this is associated with energy intake reduction (Hanson et al., 2007). This gender 

difference is attributed to the variation in coping strategies exhibited by men versus 

women; men more often isolate themselves from others and take individual action 

probably leading to reduced food intake, whereas women more often involve their social 

network in coping with stress and channel their efforts toward the needs of others 

(Hanson et al., 2007). As their food security declines, women restrict their food intake in 

time of scarcity and binge when food is abundant, thus resulting in weight gain. Orderly 

eating may be maintained in both men and women in the context of a reasonable 

economic and food safety net (Hanson et al., 2007). 

Occupation 

Several studies investigated the relationship between the occurrence of obesity and 

occupation-based social class in men and women. These studies mostly reported an 

overall pattern in both genders, where the obesity prevalence in unskilled or lower 

classification occupations was higher than that in professional occupations; however, the 

differences were less significant for men (National Obesity observatory-UK, 2010; Wardle 
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1.3.4 Energy Balance: Energy Consumption and Energy Expenditure  

Obesity has been described as an inevitable human biological outcome of abundant, 

cheap, and aggressively marketed global food supply, joined with technological 

developments leading to a decline of daily physical activity levels (Drewnowski & Darmon, 

2005; Ulijaszek & Lofink, 2006).  

However, there still remains a research question: to what degree do variations in physical 

activity versus increases in energy intake bring about a rise in body weight (Finucane et 

al., 2011)? Some researchers still blame this rise on increased physical inactivity and 

others on energy overconsumption, both of which are associated with technological 

innovations; they also blame it on changing socio-demographic factors (Bleich et al., 

2008). In their study, using a series of cross-sectional observations in a multi-country 

analysis, Bleich and colleagues (2008) recognized prompts of overconsumption 

associated with energy imbalance to certain characteristics of development such as lower 

prices of processed foods, increased urbanization linked to more sedentary lifestyles, and 

increased country gross development product among developed countries as well as 

developing ones (Bleich et al., 2008).  

In addition to overconsumption, the prevalence of physical inactivity among most MENA 

countries is high, as reported by the STEPwise surveys supervised by WHO/EMRO 

(WHO, 2009). Demographic data for countries of  the Eastern Mediterranean region 

showed that with urbanization, occupations requiring physical activity have declined to 

more sedentary ones (Musaiger, 2011). Explicitly, energy expenditure is made up of three 

dominant components: basal metabolism, thermogenesis, and physical activity; only the 

latter has a substantial voluntary control element (Prentice & Jebb, 2004). Energy intake 

on the other hand is entirely voluntary except in clinical conditions. Thus, only two 

variables of the energy balance equation are modifiable: physical activity and food intake; 

each is a complex bio-behavioural phenomenon subject to genetic, physiologic and 

demographic influences (Prentice & Jebb, 2004). It is illustrated that low levels of physical 

activity or high inactivity are important drivers of positive energy balance, yet do not 

single-handedly cause obesity. Weight gain only occurs when energy intake is not 

regulated to match the low energy expenditure (Prentice & Jebb, 2004). However, this is a 

far too simple equation to reflect the more complex nature of obesity that involves 

interactions between multiple biologic, behavioural and environmental factors that in turn 

have an impact on energy balance (Catenacci et al., 2009; Fontaine et al., 2003; Odgen et 

al., 2007). Under such conditions, successful energy balance to avoid weight gain can 

only be reached with conscious efforts towards better food choices and moderate intake, 

or towards an increase in physical activity whether in leisure time or through occupational 

and household activities (Kruger et al., 2007). 
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sweeter, and high fibre foods are being replaced by processed versions (Popkin, 2006; 

Sibai et al., 2010). 

This shift could be attributed to the nutrition transition bringing along cheap processed 

foods (Drewnowski, 2003; Misra & Khurana, 2009). Studies carried out to examine the 

relationship between energy density and the cost of diets reported that more energy-

dense diets were associated with higher consumption of refined grains, fats, sugars and 

sweets, i.e. food items that cost less per unit energy in most countries, and with lower 

consumption of fruit and vegetables, i.e. food items that tend to cost more per unit energy 

in most countries (Drewnowski & Darmon, 2005; Darmon et al., 2004; Drewnowski & 

Darmon, 2005; Drewnowski, 2003). 

Of main concern in the nutrition transition is the intake of sugar-sweetened drinks whereby 

evidence from cross-sectional and cohort studies (Malik et al., 2006) suggests a 

significant positive relationship with overweight and obesity in children, adolescents and 

adults (Vartanian et al., 2007; Malik et al., 2009; Hu & Malik, 2010). Indeed, intervention 

studies have shown that a reduction in the intake of these drinks in children and 

adolescents has led to weight loss (Malik et al., 2006).  

Interestingly, a recent longitudinal study has shown that even beverages that are 100 

percent fruit juice are as high in sugar and calories as sugary sodas and soft drinks.  

Among male and female participants who were tracked for up to 20 years, those who 

increased their intake of fruit juice gained more weight over time than those who did not 

(Mozaffarian et al., 2011). 

In the US population, the consumption of sugar-sweetened soft drinks has increased in 

parallel with the obesity epidemic, and Europe is known to represent 31% of the total 

world soft drink consumption (Bes-Rastrollo et al., 2006). In Lebanon, research on 

consumption of sugar sweetened drinks including soft drinks is very rare, if not negligible. 

Nevertheless, one global school based student health survey carried out by the ministry of 

health reported that 33% of students in grades 7-9 drink carbonated soft drinks two or 

more times per day (Abi Haidar et al, 2011). 

In general, food consumption surveys showed an increasing trend in energy consumption 

from fats, particularly oils, in several MENA countries such as Saudi Arabia (38%) and  

Egypt (>30%) (Hassan et al, 2006). Similarly, high sugar intakes were also noted in 

Lebanon, Jordan, Egypt , and Iraq, accounting for up to 14% of total energy, a value 

exceeding the 10% intake recommended by the World Health organization (Nasreddine et 

al., 2006; FAO, 2003; WHO, 2003). 
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60 minutes of moderate intensity physical activity a day to prevent obesity, and at least 30 

minutes of moderate-intensity physical activity on most days of the week to reduce the risk 

of cardiovascular diseases, diabetes, breast cancer and colon cancer.  

Numerous studies have also examined and demonstrated the relation between lifestyle 

factors including dietary quality, physical activity, smoking, and alcohol consumption on 

body composition and central obesity (Samaras et al., 1999; Shimokata et al., 1989; Fogli-

Cawley et al., 2006). Findings from a large population based cohort of women and men 

free of cardiovascular disease showed that a diet consistent with recommended dietary 

guidelines and enhanced physical activity was associated with lower volumes of 

subcutaneous and visceral adipose tissue in both sexes (Molenaar et al., 2009). These 

findings are comparable to those from other large and cross-sectional studies that 

demonstrated a considerable decrease in waist circumference occurring with changes in a 

combination of lifestyle factors (Koh-Banerjee et al., 2003; Samaras et al., 1999). 

Researchers have also shown that Cardio-respiratory fitness (CRF) accomplished through 

regular exercise is associated with a reduction in abdominal obesity, in particular visceral 

fat, independent of any change in BMI in both men and women (Mourier et al., 1997; Ross 

et al., 2000; Ross & Katzmarzyk, 2003;  Irwin et al., 2003). 

Physical activity, whether in lifestyle forms or structured programs, is affected by many 

determinants including household, demographic and socioeconomic factors (Fogelholm et 

al., 2000; Fogelholm & Kukkonen-Harhula, 2000). Studies reported that young adults in 

home environments with sedentary recreational activities such as television viewing are 

more prone to overweight and obesity, particularly if TV viewing is for 3 or more hours per 

day (Giles-Corti et al., 2003). Television watching is reported to be the social activity of the 

less educated and the poor as it requires minimal monetary resources and originality 

(Catenacci et al., 2009). 

Similarly, studies reported that subjects spending more than 35 hours a week of their 

leisure time sitting down were one and a half times more likely to be obese than those 

who spent less than 15 hours per week sitting down (Martínez-González et al., 1999). 

Those in deskbound occupations with an inactive work environment and who also have a 

sedentary lifestyle are at particular risk of becoming overweight or obese (Giles-Corti et 

al., 2003). 

1.4 Obesity Indicators  

1.4.1 Body Mass Index (BMI)  

Obesity is a concept that refers to excessive fatness, a systemic process of fat 

accumulation and abundance of adipose tissue (Bjorntorp, 2002; Bray et al., 1998). The 

current view of fatness in the medical literature is that fat collectively constitutes an 
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give body composition estimates that correlate well with those derived by other more 

expensive direct methods such as hydrostatic weighing (Lee & Neiman, 2007).  

Cadaver analysis studies on the relationship of external to internal adipose tissue showed 

that each kilogram of subcutaneous adipose tissue is associated with approximately 200 

grams of internal adipose tissue, and that skinfolds are significantly correlated with total 

adiposity. Due to differences in body composition between males and females, the age-

related increase in body fat mass, and the decrease in fat-free mass (Lee & Nieman, 

2007; Prentice & Jebb , 2001), the relationship between percent body fat (PBF or %BF) 

and BMI is sex- and age-dependent (Lee & Nieman, 2007). In adult men with an average 

weight, the percentage body fat is in the order of 15-20%, whereas in women, this 

percentage is higher and in the range of 25-30% (Seidell & Flegal, 1997). Reference cut- 

off points of percent body fat greater or equal to 25% in men and greater or equal to 32% 

in women are considered unhealthy (Lee & Nieman, 2007). 

In practice, people or populations are usually not classified on the basis of their body fat 

percentage but rather on the basis of their BMI; nevertheless, previous and current 

research has revealed that metabolically obese normal-weight persons exist (Ruderman 

et al., 1998; Poirier, 2007). Thus obesity prevention and management interventions should 

include a variety of anthropometric measurements such as body mass index, as well as 

total fat and body fat distribution (Poirier, 2008). 

1.4.3 Anthropometric considerations in older adults 

Ageing is, more frequently than rarely, accompanied by a tendency for gradual weight 

increase (Zamboni et al., 2008). It is well documented that in modern sedentary 

populations, there is now a pronounced increase in BMI with age in most individuals 

(Grundy, 1998; Prentice & Jebb, 2001). However, this weight gain is not marked by more 

muscle mass in most cases. In fact as adults age, fat-free mass decreases, and fat mass 

increases and is redistributed in the abdominal area (Pavlou et al., 1985; Whately et al., 

1994; Carmelli et al., 1991; Svendsen et al., 1995). This change in body composition is 

accentuated after middle age in both genders and more so during menopause in women 

(Prentice & Jebb, 2001). Consequently, BMI has its limitations as it may fail to detect the 

transformation of lean mass to fat tissue, prompting several suppositions for the 

interpretation of anthropometric data where fat distribution may be more important than 

total body fat in assessing disease risk particularly in older adults (Zamboni et al., 2005). 

Losses in height of approximately 3 cm in men and 5 cm in women between the ages of 

30 and 70 years occur as the result of vertebral compression (Sorkin et al., 1999). This 

combination of excess body fat and reduced skeletal muscle mass and/or strength has 

been recently termed sarcopenic obesity (Gallagher et al., 2000; Doherty, 2001; Zamboni 
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et al., 2008; Baumgartner, 2000). Sarcopenia occurs in both men and women; however, 

the rate of decline in muscle mass and strength is greater among men (Thomas, 2007). 

Data from the Rosetta Study show that older adults have on average more fat than 

younger adults at any given BMI (Gallagher et al., 1996). When young adults gain weight, 

extra muscle mass may develop to support the increased adipose tissue weight (Forbes, 

1991), but because aging itself is usually accompanied by loss of muscle mass, body fat 

probably accounts for most of the weight gained with aging (Grundy, 1998). Also, a similar 

skinfold thickness in young and older persons represents a higher percentage of body fat 

in older persons (Deurenberg et al., 1989).  

As previously mentioned, the relationship between BMI and percentage of body fat has 

been shown to be dependent on age (Jackson et al., 2002);therefore, prediction equations 

to estimate body composition from the sex and age independent BMI cut-off points will 

generally underestimate the amount of body fat in the elderly (Deurenberg et al., 1989). 

This has led researchers to recommend the use of age-specific prediction equations to 

estimate body fatness in older adults (Visser et al., 1994; Stanforth et al., 2004). 

The international guidelines for identification and treatment of obesity have not given any 

specific guidance about how to apply anthropometric or imaging data thresholds to define 

obesity in the elderly (National Institutes of Health & National Heart, Lung, and Blood 

Institute, 2000; World Health Organization, 2011b). 

Current guidelines suggest using BMI at all ages to define obesity, and recommend the 

same cut-off values of BMI in the elderly as in younger adults (National Institutes of Health 

& National Heart, Lung, and Blood Institute, 2000; World Health Organization, 2011b). 

Although BMI has been reported to be strongly associated with cardiovascular disease 

risk factors in men aged 60-79 years (Wannamethee et al., 2004), other studies argue that 

measures of body fat such as waist circumference and percent body fat may potentially be  

more sensitive indicators of disease risk in older adults (Pouliet, 1994; Reaven, 1988). 

Waist circumference has been shown in the elderly to be practical to assess and strongly 

related to both visceral and total fat, as evaluated by Computed tomography (Woo et al., 

2002). In older persons, excess adipose tissue, whether central or total, is more strongly 

associated with physical dysfunction than low muscle mass (Visser et al., 1998; Zoico et 

al., 2004). Moreover, it is reported that body fat percentage is generally more closely 

correlated with both BMI or waist circumference than any other common obesity 

diagnostic tests in the elderly (Cockcroft, 1994);therefore, elevated waist circumference 

alone, or together with BMI, may be used to better describe obesity as a determinant of 

related health risk in the elderly (National Institutes of Health & National Heart, Lung, and 

Blood Institute, 2000; World Health Organization, 2011b) as presented in Table 2.2 
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In summary, and based on the research findings presented in this chapter, it appears that 

the pattern of how the prevalence of obesity has increased over the last few decades 

differs between countries and among population subgroups within these countries 

(Rokholm et al., 2010). This variability is greatest in developing countries experiencing the 

nutrition transition and is a result, in part, of rapid urbanization, modernization and 

affluence, which impact on food availability, dietary habits and lifestyles (Popkin, 2010; 

Popkin et al., 2011).  

In addition to genetic and environmental factors that are known to be proximate 

determinants of body weight, social characteristics are gaining attention as elements of 

influence on diet and physical activity practices (Bleich et al., 2008; Tzotzas et al., 2010). 

Although only a few of these characteristics are modifiable, they may offer ways to direct 

public health resources towards the promotion of effective obesity prevention strategies in 

specific population groups (Tzotzas et al., 2010; Sobal et al., 2009).  

Prevalence rates of obesity in the Lebanese adult population were previously estimated in 

a national survey (Sibai et al., 2003), and several socio-demographic and dietary factors 

associated with obesity were examined and reported in the study. However, obesity 

prevalence rates and associated factors not only vary by country, but also within a 

country, changing with time through dynamic changes in the society and behavioural 

patterns of the community. The aim of this thesis is threefold; primarily to identify the 

current prevalence and potential determinants of obesity in an adult population living in 

Lebanon (a country in transition), and to report whether, and how, they are different than 

those recognized in other countries. This thesis rationale, framework and objectives are 

described in the next chapter. 
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Figure 2.1 Study Procedures
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Figure 3.1 The Study Questionnaires Modules  
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and surveillance, pre-existing physical activity questionnaires were reviewed for their 

usefulness in developing-country settings. Attention was mainly given to the long and 

short forms of the International Physical Activity Questionnaire as they were the most 

recently developed forms (Craig et al., 2003) and also due to their resemblance in 

purpose of employment as instruments fit for international comparisons of physical 

activity estimates (Armstrong & Bull, 2006). The long form of IPAQ was considered 

time-consuming and complicated to be used in national health surveys, whereas the 

short-form IPAQ was limited in terms of distinguishing between data from the various 

domains in which physical activity can be performed (Armstrong & Bull, 2006). Thus, 

the GPAQ was developed as a concession between the short-form IPAQ and the long-

form IPAQ instruments with the purpose of collecting information on patterns of 

physical activity in the key areas of life common to people in developing countries (Bull 

et al., 2004; Armstrong & Bull, 2006). 

The GPAQ collects information on participation in physical activity in three domains: 

activity at work, travel to and from places (walking & cycling), and optional time (leisure 

and recreation). A single question to assess sedentary behaviour is common with the 

IPAQ (Armstrong & Bull, 2006). The final version of GPAQ was the GPAQv2 (version 

2) consisted of 16 questions. The phrasing of these questions  was improved for 

simplicity purposes and in several cases to resemble the wording of the IPAQ 

questions (Armstrong & Bull, 2006).The reliability and validity of the GPAQ instrument 

has been found to be comparable with that of the IPAQ (Armstrong & Bull, 2006). 

3.3.2.1 Rationale for Use of the IPAQ Instrument in the Current Study 

Both the GPAQ and IPAQ forms were used in surveys carried out in neighbouring 

countries to Lebanon. The IPAQ was used in a cross-sectional study in Saudi Arabia 

(Al Hazzaa, 2006), and the GPAQ was used in the behavioural risk surveillance study 

(BRFSS) in Jordan (Zindah et al., 2008). Although Lebanon is considered a developing 

country and thus the GPAQ is the primary choice for use to estimate physical activity 

prevalence and patterns, the researcher opted to employ the short IPAQ form based on 

the following: 

1. Both forms of the IPAQ have  been used extensively by public health officials 

and their reliability and validity have been tested in over a dozen countries 

(Ainsworth, 2006; Rzewnicki et al., 2002; Craig et al., 2003), while the 

performance of GPAQ in reporting national-level prevalence estimates has yet to 

be examined and reported (Armstrong & Bull, 2006). 
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with the subject standing erect and following normal expiration (Marfell-Jones et al., 

2006). 

Waist Circumference as a Proxy Method for Adiposity 

The use of waist circumference is highlighted as an anthropometric indicator to 

complement the measurements of BMI in identifying individuals with increased risk of 

obesity-related morbidity due to accumulation of abdominal fat (World Health 

Organization, 2000; World Health Organization, 2011b). 

Waist circumference was favoured over other proxy measures (waist to hip ratio and 

waist to height ratio) used as an alternative to BMI when measuring disease risk (World 

Health Organization, 2011b). Although BMI and abdominal obesity measures may be 

highly correlated, the WHO recommends utility of joint use of these two indicators 

(World Health Organization, 2011b). In this study, elevated waist circumference cut-offs 

were used to identify the prevalence of increased risk for metabolic disorders among 

Lebanese adults. 

In older adults, waist circumference may be a better predictor of adiposity than BMI 

since the latter has its limitations in detecting the physiological age-related 

transformations of lean mass to fat mass( Zamboni et al., 2005).   

Hip Circumference 

Similarly, hip circumference was measured at maximal girth of hip or buttocks with feet 

put together and without contracting the gluteal muscles (Marfell-Jones, 2006).  

Some difficulties in girth measurements were encountered in the field related to the 

following issues: 

1. Correct positioning (parallel to the floor at the level of measurement) of the tape 

in obese persons was difficult. 

2. The posture of the subject affected the degree of accuracy in the measurement 

performed: Few subjects were non-cooperative in maintaining the proper position 

required for accurate measurement of both waist and hip circumferences. 

3. The WHO STEPS protocol for waist circumference measurement requires normal 

expiration at the time of measurement and this was sometimes difficult to achieve 

in few individuals. There was the tendency of holding breath and sucking in the 

abdominal wall among many subjects, especially women, thus affecting the 
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Table 3.4 Summary of Variables Used in the Study 

Variable 
 

Reason for inclusion in the study Method of collection Inclusion in analysis 

Weight/ height  Anthropometric indices to determine BMI Measured at interview -BMI 
BMI( Kg/m2) Outcome Variable Computed from weight 

and height measures  
-Classified according to WHO cut-off to 
determine Obesity prevalence 
-Dependent Variable in regression analysis 

Skinfold thicknesses Anthropometric indices to determine % Body 
Fat 

Measured by skinfold 
calliper  at interview 

-%BF 

Percent Body Fat Anthropometric index of body composition Computed according to 
Siri Equation 

-Descriptive analysis 
( ANOVA) 

Waist circumference Anthropometric  index of abdominal obesity Measured at interview -Descriptive analysis 
(ANOVA) 

Sex, age, Marital 
Status 

Demographic  characteristics reported to be  
associated with obesity 

Self-reported at interview -Cross tabulation with BMI 
-Independent variables in regression analysis 

Education Level , 
Work Status  

Socioeconomic indicator reported to be 
associated with obesity 

Self-reported at interview -Cross tabulation with BMI 
-Independent variables in regression analysis 

Income Socioeconomic indicator reported to be 
associated with obesity 

Self- reported at interview -Cross tabulation with BMI 
-excluded from  regression analysis due to 
large # of missing cases 

House ownership, 
 

Indicator of Socioeconomic Status Self- reported at interview -Cross tabulation with BMI 
 

Household Assets Socioeconomic indicator reported to be 
associated with obesity 

Computed from assets in 
the house +car+mobile 

-Cross tabulation with BMI 
-Independent variable in regression analysis 

Crowding index Socioeconomic indicator reported to be 
associated with obesity 

Computed from family 
size and #of rooms in the 
house 

-Cross tabulation with BMI 
-Independent variable in regression analysis 

Family History of 
obesity 

Reported to be associated with obesity Self-reported -Independent variable in regression analysis 
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3.12 Identification of Implausible Reporters of Energy Intake in the Current Study 

Using the Revised Goldberg Method 

The objective of this section is to identify implausible reporters of energy intake with the 

hypothesis that using only plausible reporters will result in better association between 

energy consumption and weight status. 

Ideally, implausible reporters would be identified by comparing reported energy intakes 

(rEIs) with objective estimates of energy intake such as the doubly labelled water (DLW) 

technique. However, such methods are often not feasible in large-scale studies as they 

are relatively costly (Samuel et al., 2004).  

Several indirect methods were suggested for identifying implausible reporters in large 

studies assessing a dietary aetiology of obesity. Among the most widely used procedures 

is the method first developed by Goldberg and co-workers (Goldberg et al., 1991), which 

assesses the validity of reported energy intake (rEI) by comparing total energy 

expenditure (TEE) with rEI when both are expressed as a multiple of basal metabolic rate 

(BMR). In other words, during weight stability, rEI/BMR =TEE/BMR, the TEE/BMR ratio is 

also known as the physical activity level (PAL), so the equation can be rewritten as 

rEI/BMR =PAL (McCrory et al., 2002). 

Two cut-offs for the agreement between PAL and rEI/BMR were first developed by 

Goldberg et al. (Goldberg et al., 1991) and their application was later demonstrated and 

revised by Black et al. (Black et al., 2000b; Black, 2000a). 

CUT-OFF 1 was set at a PAL of 1.35, representing a minimum plausible value for weight 

maintenance for most individuals, and thus values of rEI/BMR less than 1.35 would be 

considered as having poor validity because it is unlikely that most individuals would be 

able to maintain weight with a usual energy intake below this minimum level (McCrory et 

al., 2002). This cut off, as defined in the original paper by Goldberg (Goldberg et al., 

1991), is the simpler equation since it does not require any probabilistic calculations to 

allow for differences between short-term measurements and habitual intake. 

CUT-OFF 2 involves a statistical comparison between rEI/BMR and PAL, accounting for 

both biological variability and measurement errors for both energy intake and total energy 

expenditure (Goldberg et al., 1991; Black, 2000a), and answers to the question of whether 

or not the reported intake is a plausible measure of the actual diet during the 

measurement period. This standard Goldberg cut-off (Goldberg et al., 1991) sets only a 

lower cut-off since under-reporting, defined as a condition in which healthy subjects with 

stable weights report a lower energy intake that is biologically improbable and inconsistent 

(Kant, 2002), was the more common aspect of dietary assessment (Sumar et al., 2003). 
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population as inactive according to the Food and Agriculture Organization (FAO, 2001) 

was used as the yardstick PAL (Men mean PAL= 1.44; Women mean PAL = 1.28).  

Because the Schofield equations have been found to lead to overestimation of BMRs 

among obese and sedentary subjects (Horgan & Stubbs, 2003; Alfonzo-Gonzalez et al., 

2004), in the current study, implausible reporters were classified by using an alternative 

BMR equation: the Mifflin St Jeor; this equation has been shown to correspond well with 

measured BMR values in both obese and non-obese subjects (Mifflin et al., 1990; 

Frankenfield et al., 2005; Mendez et al., 2011).  

While it is important to identify inaccurate reports of energy intake, as noted by Black 

(Black, 2000a), it is also important to note that the use of the Goldberg cut-off for doing so 

has evident limitations: 

1. The lower sensitivity of the Goldberg cut-off for identifying inaccurate energy intake 

reports at the individual level (McCrory, 2002), especially where a particular choice 

of PAL for comparison with EI: BMR at individual activity level, may result in 

differential sensitivity of the cut-off if the selected PAL for one level is close to the 

true value but that for another level is not (Black, 2000b).  

2. Certain researchers consider that the use of the 95% confidence limits (± 2 SD) for 

the agreement between rEI/BMR and PAL as suggested by Goldberg (Goldberg et 

al., 1991) and Black (Black, 2000a, 2000b) as another limitation of the Goldberg cut-

off as it only identifies extremely inaccurate reporting (McCrory, 2002). These same 

authors suggested the use of more stringent cut-off of ±1 SD (86% confidence 

limits) (McCrory, 2002; Mendez et al., 2011). However, the Goldberg cut-off authors 

argue that the identification of inaccurate reporters should be based on a standard 

statistical comparison because while the measured energy intake may not represent 

habitual intake, it could still represent actual intake during the measurement period 

(Goldberg et al., 1991; Black, 2000a). 

To improve the general quality of the dietary data in this study, evaluation of the validity of 

reported energy intake was carried out using the revised Goldberg Method (Black, 2000a; 

Livingstone & Black, 2003), its recommended 95% confidence limits (±SD), and a study 

mean PAL of 1.35 for the identification of distinct implausible reporters with the argument 

that a valid or correct report is one that measures the true intake during the period of 

study (Livingstone & Black, 2003). Relevant charted data will be presented in the results 

chapter referring to this lower and upper cut-off value, detailed calculations of which are 

described in section 3.12.1. 
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4.1.8 Physical Activity Levels among Study Population  

4.1.8.1 Health Enhancing Physical Activity, Minimal Activity, and Sedentariness 

The prevalence of the various levels of physical activity among the study population is 

presented in Table 4.8. In general, only 22.7% exhibited high or sufficient levels of 

physical activity for health enhancement, and 31.8% showed moderate or minimal 

activity levels recommended for people of all ages (walking per week at least 5 days for 

30 minutes)(Branca et al, 2007c). Inactivity or sedentariness prevalence was high 

among all age groups (45.5%), exhibiting a lower prevalence rate at middle age (35.5 

% at the 50-59 years age group), replaced by increasing both minimal and high levels 

health-enhancing physical activity, but with reversing estimates again thereafter.  

The total prevalence of sufficiently-active men and women was nearly similar (23.5% 

vs. 22.6% respectively). However, the prevalence rate among young males aged 20-29 

years was 2 fold higher than that of females of the same age group (31.0% vs. 15.1% 

respectively), and the trend was reversed at the age group 40-49 years (Tables 4.9 and 

4.10). All in all, females demonstrated a higher prevalence rate of moderate physical 

activity than did males (34.0% vs. 28.5% respectively), and more men were inactive or 

sedentary (48.0%) as compared with women (43.4%).  

4.1.8.2 Sitting Time 

In this study, sitting time is used as an independent proxy measure of sedentary 

behaviour. It includes time spent sitting at work, at home, while doing course work, and 

during leisure time (sitting at a desk, visiting a friend, reading, watching TV). 

The amount of daily sitting time (median hours) in the Lebanese adult population is 

reported in Table 4.11 as median hours and interquartile ranges for both genders by 10 

year age groups. Gender differences were minimal; however, at certain age groups 

(20-29 years, 30-39 years, and 50-59 years), women exhibited less sitting time than 

men.  

All in all, as Table 4.12 shows, the proportion of males spending more than 10 hours of 

their time sitting was higher than that of females in the age groups 20-69 years. 
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(OR=3.15; 95% CI: 1.50-6.6). No significant association was noted with educational 

attainment. 

Socioeconomic Indicators 

Significant odds ratios were observed in both males and females with increasing 

household assets, however in a contrasting manner. In males, the odds increased with 

increasing household assets, significantly at the age 40-64 years (OR=1.64; 95% CI: 

1.01-2.69). In females, the odds ratios decreased with increasing household assets 

also significantly at the same age group 40-64 years (OR=0.34; 95% CI: 0.16-0.72). 

Crowding index as an indicator of socioeconomic level showed lower odds ratios with 

higher socioeconomic level (CI< 1 person per room), significantly for females at the age 

group 20-39 (OR=0.34; 95% CI: 0.16-0.72). 

For income, the number of subjects with missing data was high (n= 233) and therefore 

the results of this category will not be described.  

Dietary Intake  

The odds for obesity showed a decreasing trend for both males and females in the 

second tertile of energy consumption (Men, 7000-10500Kj; Women, 5000-7500Kj) in 

the age group 20-39 years. However, this relationship was significant only in females 

(OR=0.46; 95% CI: 0.26-0.80).  

In men, obesity risk significantly increased in those 40-64 years of age and consuming 

32-42% of energy from fat (OR=1.74; 95% CI: 1.05-2.90). 

Both men and women aged 20-39 years, consuming regular three meals on a daily 

basis, were less likely to be obese than their counterparts who reported skipping one or 

more meal per day, as shown by the significant decrease in the odds ratios for males 

(OR=0.63; 95% CI: 0.42-0.94) and for females (OR=0.59; 95% CI: 0.38-0.93). 

Frequency of snacking as well as number of snacks per day showed an increasing 

trend in obesity risk among males of all age groups, however not significant. Females 

showed non-significant discrepancies in the relationship between snacking and obesity 

in the three age strata, where odds ratios decreased with more frequent snacking in the 

age group 40-64 and increased among older adults. Also, a non-significant positive 

trend was observed between increased number of snacks consumed per day and 

increased risk of obesity. This might be attributed to the fact that when asking 

participants about snacks in this study, the room was open to all types of snacks 

whether healthy (fruits, vegetables and whole grains) or unhealthy (processed snacks, 
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increasing trend of obesity in females aged 40-64 and a reverse trend among older 

adults (test for trend p <0.05).  

Obesity was also associated with high energy intake from fat (>42%) in females 40-64 

years of age (test for trend p <0.05), but no significant trend was shown in the other 

age groups. 

Consumption of three regular meals daily did not show any significant association with 

obesity in all age strata. 

Lifestyle Factors 

Similar to men, smoking showed no relationship with obesity prevalence among 

women. However, alcohol consumption, estimated as having consumed alcohol during 

the last 12 months (OR=0.52; 95% CI: 0.29-0.93), and moderate to high physical 

activity estimated as Met minutes/week (OR=0.58; 95% CI: 0.36-0.93), were 

significantly associated with decreased obesity among young adult females.  

Family history of obesity: Similar to men, family history of obesity was a major 

predictive factor of obesity among all age groups.  
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4.2.2 Sociodemographic Characteristics of Study Participants Associated with 

their Classification into Under-reporters (UR), Over-reporters (OR) and 

Acceptable Reporters (AR) of Energy Intake 

As shown in Tables 4.19 and 4.20, both males and females showed a significant 

association between body mass index and classification into plausible and implausible 

reporters of dietary  intake (p<0.05). 

In women, a higher proportion of under reporters was found in overweight and obese 

women (40.1% and 34.3%, respectively) as compared with those with ideal BMI 

(25.6%). None of the lifestyle factors or socioeconomic indicators showed a similar 

relation with plausibility of dietary reporting. 

 In men, physical activity, education, the crowding index, and work status distributions 

exhibited significant associations with the frequency of plausible or implausible 

reporting of dietary intake. 

 




























































































































































































































































































































































