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Abstract: The Eastern Mediterranean region is characterized by one of the highest
burdens of paediatric obesity worldwide. This study aims at examining dietary, lifestyle,
and socio-economic correlates of overweight, obesity, and abdominal adiposity amongst
children and adolescents in Lebanon, a country of the Eastern Mediterranean basin.
A nationally representative cross-sectional survey was conducted on 6–19-year-old
subjects (n = 868). Socio-demographic, lifestyle, dietary, and anthropometric data (weight,
height, waist circumference) were collected. Overweight and obesity were defined based
on BMI z-scores. Elevated waist circumference (WC) and elevated waist to height ratio
(WHtR) were used as indices of abdominal obesity. Of the study sample, 34.8% were
overweight, 13.2% were obese, 14.0% had elevated WC, and 21.3% had elevated WHtR.
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Multivariate logistic regression analyses showed that male gender, maternal employment,
residence in the capital Beirut, sedentarity, and higher consumption of fast food and sugar
sweetened beverages were associated with increased risk of obesity, overweight, and
abdominal adiposity, while regular breakfast consumption, higher intakes of milk/dairies
and added fats/oils were amongst the factors associated with decreased risk. The study’s
findings call for culture-specific intervention strategies for the promotion of physical
activity, healthy lifestyle, and dietary practices amongst Lebanese children and adolescents.
Keywords: paediatric; obesity; abdominal adiposity; prevalence; correlates; diet; Lebanon;
Eastern Mediterranean region

1. Introduction
The Eastern Mediterranean region is characterized by one of the highest burdens of overweight and
obesity worldwide [1]. Of more concern is the high level of childhood obesity in countries of the region,
with approximately 10% of school-aged children being obese, an estimate that is projected to follow an
escalating secular trend [2]. Paediatric obesity is associated with both immediate and longer-term risks to
health [3]. Among the immediate risks are metabolic abnormalities including increased blood cholesterol,
triglycerides and glucose levels, insulin resistance, metabolic syndrome, and hypertension [3–5].
Childhood obesity is also a strong risk factor for adult obesity and its consequences including type 2
diabetes, cardiovascular diseases (CVDs), and certain types of cancer, in addition to psychological
disturbances, such as low self-esteem and depression [6,7].
Obesity-related comorbidities were found to be more closely associated with abdominal adiposity
and visceral fat depots than with the amount of total body fat [8]. Consequently, the use of body
fat distribution indices has been increasingly recommended, and particularly the use of waist
circumference (WC) and waist to height ratio (WHtR). These simple and non-invasive indices were
shown to correlate with visceral fat in children and to predict risk for obesity-related comorbidities
beyond that predicted by Body Mass Index (BMI) alone [8–14]. Being a relatively age-independent
measure, the use of WHtR for assessing central fatness in children has been recommended in
paediatric primary care practice, as well as epidemiological studies [14–16]. In a cohort of almost
1500 Caucasian children aged 5 to 15 years, both WC and WtHR were able to identify children with
the highest metabolic and cardiovascular risks among those who were overweight [13]. An extensive
review by Huxley et al. (2010) concluded that measures of abdominal obesity including WC and
WHtR, may be better than BMI in predicting CVD risk, although combining BMI with these measures
may improve their discriminatory capability [17].
The high disease burden of childhood obesity highlights the need for rigorous investigations of its
determinants, context-specific patterns and associated factors. Most of the studies investigating obesity
correlates in youth have been conducted in high-income countries and, as such, findings may not be
applicable to low and middle-income countries. Among the latter, the Middle-East has been largely
under-represented, although the region has one of the highest rates of childhood obesity [2]. The
present study aims at examining the prevalence and correlates of overweight, obesity and abdominal
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adiposity in a nationally representative sample of children and adolescents, aged six years and above,
in Lebanon. Gaining greater insight into factors that are associated with paediatric obesity could
catalyze the development of effective interventions and policies aiming at curbing the obesity
epidemic in Lebanon, orient further studies, and assist policy makers in implementing successful,
culture specific childhood obesity prevention strategies in the region.
2. Materials and Methods
2.1. Study Design and Subjects
Data for the present study is drawn from a national cross-sectional survey that was conducted
in 2009, in Lebanon, on subjects aged six years and above. The study sample was based on the
sampling frame provided by the National Survey of Household Living Conditions, which was
conducted by the Ministry of Social Affairs/Central Administration of Statistics in collaboration with
United Nations Development Programme (UNDP) and which covered primary residences across the
Lebanese territory [18]. Sample size calculation for the study was performed based on previously
estimated prevalence rates for the main outcome of interest [19]. As such, a minimum of 751
participants were needed to estimate a prevalence of obesity of 4.8% in children and adolescents [19],
allowing a power of 80% and a margin of error of 1.5% at 95% confidence interval (CI). Recruitment
efforts targeted a sample with an age, sex and district distribution proportionate to that of the Lebanese
population [18].
Lebanon is divided into six administrative regions referred to as “governorates”, which cover the
totality of the country. Except for the governorate of Beirut, which is considered purely urban, the
other governorates are essentially composed of rural regions inter-mixed with urban cities. In this
study, the sample was drawn from randomly selected households, based on stratified cluster sampling:
the strata were the Lebanese governorates, the clusters were selected further at the level of districts,
urban and rural areas, and the housing units constituted the primary sampling units in the different
districts of Lebanon. One adult from each household and one child/adolescent from every other
household were selected from the household roster. Field-work was carried out between May 2008 and
August 2009. The final sample consisted of 3636 subjects, including 939 children and adolescents
aged 6 years and above [20]. Refusal rate at the household level was estimated at 10.7%, with the main
reasons for refusal to participate in the survey being lack of time or disinterest in the study. The design
and conduct of the survey was approved by the Institutional Review Board of the American University
of Beirut, and informed consent from adults/parents and informed assent from children and adolescents
were obtained prior to enrolment in the studies.
Socio-demographic and lifestyle data were collected from study participants using a multi-component
questionnaire that was developed for the purpose of this study. Data collection was performed by
trained nutritionists in the household setting through face to face interviews which lasted for
approximately one hour. Quality control measures including training, pre-testing of the study
instruments, equipment, and data collection procedure and field monitoring of data collection, were
applied. Household and parental data were collected from the adult participant (mother or father) using
a multicomponent questionnaire covering information on demographic, socioeconomic and lifestyle

Nutrients 2014, 6

1041

characteristics, in addition to medical history and health seeking behavior. Data pertinent to the
child/adolescent were collected using a child-specific questionnaire which enquired about sex, age,
medical history, meal pattern, eating habits, dietary intake, physical activity, and sedentary time. For
children aged less than 11 years old, data was obtained by proxy (typically the mother), while the
interview was conducted directly with subjects aged 11 years and above.
2.2. Anthropometric Measurements
Anthropometric measurements were taken using standardized protocols [21] and calibrated
equipment. Height and body weight were measured according to standard procedures, using a portable
stadiometer (Holtain, Crymych, UK) and a Secacalibrated electronic weighing scale (Hamburg,
Germany), respectively. Subjects were weighed to the nearest 0.1 kg in light indoor clothing and with
bare feet or stockings. Height was measured without shoes and recorded to the nearest 0.5 cm.
A calibrated plastic measuring tape was used to measure waist circumference at the level of the
umbilicus to the nearest 0.1 cm, with the subject standing and after normal expiration. Anthropometric
measurements were taken and recorded by trained nutritionists who were working in teams of two, the
examiner and the recorder. All measurements were taken twice and the average of the 2 values
was adopted.
2.3. Definitions of Overweight and Obesity
Body mass index (BMI) was calculated as the ratio of weight (kilograms) to the square of height
(meters). Overweight and obesity were defined based on sex and age specific +1 and +2 BMI
z-scores, respectively, according to the WHO new growth standards [22]. The WHO AnthroPlus
software (WHO, Geneva, Switzerland) was used to calculate BMI z-score for each specific age and sex.
To allow for comparisons with studies conducted in other countries, prevalence rates of overweight
and obesity were also determined using the International Obesity Taskforce (IOTF) [23] and the US
Centers for Disease Control and Prevention (CDC) 2000 criteria [24].
Elevated WC was defined based on the International Diabetes Federation (IDF) criteria [25], which
recommend the use of:
- Adult cut-off values for subjects aged 16–19 years (WC > 94 cm for males and >80 cm
for females).
- Cut-off value of WC ≥ 90th percentile for sex and age (or adult cut-offs if lower) for subjects
aged 6 to 15 years old. As national WC percentiles are lacking in Lebanon, the WC percentiles for
children and adolescents as developed by Fernandez et al. (2004) were used [26].
The WHtR index for abdominal obesity was calculated by dividing WC by height, both measured in
centimetres [13]. The suggested cut-off point of ≥0.5 was used to identify children with elevated
WHtR [13,14].
2.4. Dietary Intake and Physical Activity Assessment
Dietary intake was assessed using the multiple pass 24-h recall approach. Interviewers followed the
5 steps of the USDA multiple pass 24-h recall, which included (1) the quick list; (2) the forgotten
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foods list; (3) time and occasion at which foods were consumed; (4) the detail cycle; and (5) the final
probe review [27]. To assist subjects in assessing the portion/amount of food consumed, quantification
tools, such as household measures and graduated food models, were used. 24-h recall data were converted
to energy and nutrient intake using the Nutritionist IV software through a hand-coding procedure
(N-squared Computing Nutritionist IV. Silverton, OR: N-squared Computing; 1995). The Nutritionist
IV food database was expanded by adding analyses of traditional Lebanese foods and recipes.
Information on the weekly frequency of physical activity outside the school setting was assessed by
means of a questionnaire that was developed for this study. Examples of activities proposed by the
questionnaire included moderate intensity activities such as playground activities, brisk walking,
dancing, bicycle riding, as well as higher intensity activities, such as ball games, jumping rope, active
games involving running and chasing, and swimming. Based on the weekly frequency, individuals
were classified into three levels of physical activity: Low (Never); Moderate (1–2 times/week) and
High (>2 times/week).
2.5. Statistical Analysis
Descriptive statistics were performed and expressed as means and standard error (SE) for
continuous variables (dietary variables) or as number of subjects and percentages for nominal variables
(demographic, socio-economic, physical activity, meal pattern, and lifestyle variables). Crowding
index was calculated as the total number of co-residents per household divided by the total number of
rooms, excluding the kitchen and bathrooms. Prevalence of overweight (including obesity), obesity,
elevated WC and elevated WHtR, expressed as percentage with 95% confidence interval (CI), were
computed by gender and age groups (6–11-year-old children and 12–19-year-old adolescents).
Independent t-test and chi-squared test were used to evaluate the differences between continuous and
categorical variables, respectively.
Multivariate logistic regression analysis was carried out to examine the association of overweight,
obesity, elevated WC and elevated WHtR as the dependent variables with baseline socio-demographic,
lifestyle, and dietary characteristics as covariates. The associations between dependent and
independent variables were analyzed according to two age groups: Children (6–11 years) and
adolescents (12–19 years). All statistical calculations were carried out using the Statistical Analysis
Package for Social Sciences, version 18.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was
defined as p-value <0.05.
3. Results
3.1. Study Sample
For the purpose of this study, subjects for whom dietary data were missing or incomplete were
excluded (out of 939 subjects, 71 were excluded). Accordingly, the final study sample consisted
of 868 subjects (439 boys and 429 girls), with a mean age of 13.06 years (±3.91) and a median age
of 12.85 years. Of the study participants, 42.6% were 6–11 years old and 57.4% were 12–19 years old.
The male to female ratio was of 1.02 with 50.6% boys and 49.4% females.
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The proportion of parents who had attained high school level education and above was of 38.6% for
fathers and 46.3% for mothers with no significant differences between age groups (Table 1).
A significantly higher proportion of working mothers was reported amongst 12–19-year-old
adolescents (29.6%) compared to children (19.4%). Parental obesity (mother or father) was reported
amongst 31% of the study population with no significant differences between age groups. The majority
of subjects (81.7%) had a crowding index ≥1 persons/room (Table 1).
The proportions of subjects reporting a daily consumption of breakfast was significantly higher
amongst children compared to adolescents (86.4% vs. 69.5% in adolescents) while a significantly
higher proportion of adolescents reported eating outside home more than once per week (58.4% in
adolescents compared to 44.4% in children) (Table 1). Similarly, sedentary time was significantly
higher amongst 12–19-year-old adolescents compared to children (10.09 ± 2.94 vs. 8.72 ± 2.77 h/day)
while the proportion of subjects reporting high physical activity was significantly higher in children
compared to adolescents (63.9% vs. 33.5%).
Mean weight (35.01 ± 12.55 in children vs. 60.77 ± 15.61 kg in adolescents), mean height
(135.63 ± 12.26 vs.164.17 ± 10.07 cm), mean BMI (18.53 ± 3.99 vs. 22.32 ± 4.37 kg/m2) and mean
WC (63.77 ± 10.75 vs. 74.93 ± 10.97 cm) were all significantly higher in 12–19-year-old adolescents
compared to children aged 6–11 years (Table 1).
Table 1. Socio-demographic, lifestyle and anthropometric characteristics of the study sample
by age group, Lebanon (n = 868).
Variables

Age Group (years)
6–11 (n = 370)

12–19 (n = 498)

Total (1)
(n = 868)

p-Value (2)

Socio-Demographic characteristics n (%)
Gender
Male

191 (51.6)

248 (49.8)

439 (50.6)

Female

179 (48.4)

250 (50.2)

429 (49.4)

0.595

Governorates
Capital (Beirut)

26 (7.0)

36 (7.2)

62 (7.1)

344 (93.0)

462 (92.8)

806 (92.9)

Primary or less

105 (28.8)

156 (31.7)

261 (30.5)

Intermediate

112 (30.8)

153 (31.1)

265 (31.0)

High school and above

147 (40.4)

183 (37.2)

330 (38.6)

Primary or less

76 (23.0)

112 (26.3)

188 (24.9)

Intermediate

97 (29.4)

121 (28.4)

218 (28.8)

High school and above

157 (47.6)

193 (45.3)

350 (46.3)

Not working

291 (80.6)

350 (70.4)

641 (74.7)

Working

70 (19.4)

147 (29.6)

217 (25.3)

No

218 (71.5)

171 (66.0)

389 (69.0)

Yes

87 (28.5)

88 (34.0)

175 (31.0)

<1 person/room

66 (18.0)

92 (18.5)

158 (18.3)

≥1 person/room

300 (82.0)

405 (81.5)

705 (81.7)

Other governorates

0.909

Father’s Education
0.571

Mother’s Education
0.587

Mother’s working status
0.001

Parental Obesity (3)
0.163

Crowding Index
0.858
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Lifestyle characteristics n (%)

Breakfast consumption
(per week)
Never

11 (3.0)

36 (7.2)

47 (5.4)

Sometimes

39 (10.6)

116 (23.3)

155 (17.9)

Daily

319 (86.4)

346 (69.5)

665 (76.7)

≤1 time

205 (55.6)

207 (41.6)

412 (47.5)

>1 time

164 (44.4)

291 (58.4)

455 (52.5)

80 (21.7)

193 (41.2)

273 (32.6)

Moderate

53 (14.4)

119 (25.4)

172 (20.5)

High

235 (63.9)

157 (33.5)

392 (46.8)

8.72 ± 2.77

10.09 ± 2.94

9.51 ± 2.95

<0.001

Frequency of eating
outside home (per week)
<0.001

Physical Activity (4)
Low

Sedentary time (h/day)
Mean ± SD

<0.001

<0.001

Anthropometric characteristics
Weight (kg)
35.01 ± 12.55

60.77 ± 15.61

49.81 ± 19.21

10th percentile

22.15

42.67

25.88

50th percentile

32.45

59.00

48.75

90th percentile

50.81

80.81

74.52

Mean ± SD

<0.001

Height (cm)
135.63 ± 12.26

164.17 ± 10.07

152.02 ± 17.93

10th percentile

119.75

152.00

126.00

50th percentile

136.00

164.00

154.00

90th percentile

152.00

177.50

174.05

18.53 ± 3.99

22.32 ± 4.37

20.71 ± 4.61

10th percentile

14.65

17.47

15.60

50th percentile

17.58

21.58

20.08

90th percentile

23.56

28.17

26.80

Mean ± SD

<0.001

2

BMI (kg/m )
Mean ± SD

<0.001

WC (cm)
63.77 ± 10.75

74.93 ± 10.97

70.18 ± 12.19

10th percentile

52.75

62.73

56.00

50th percentile

61.50

73.20

69.00

90th percentile

78.50

91.00

86.05

Mean ± SD

<0.001

WHtR
0.47 ± 0.06

0.46 ± 0.06

0.46 ± 0.06

10th percentile

0.41

0.39

0.40

50th percentile

0.46

0.44

0.45

90th percentile

0.55

0.54

Mean ± SD

(1)

Lack of corresponding sum of frequencies with total sample size is due to missing data;

0.55
(2)

Differences between age groups were

examined using t-test and chi-square test for continuous and categorical variables, respectively;
anthropometric data was equal to 564;

(4)

0.002

(3)

Total number of parents with

The three categories of physical activity (Low, Moderate, High) refer to the frequency of

physical activity outside the school setting (Never; 1–2 times/week; >2 times/week, respectively).
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3.2. Prevalence of Overweight, Obesity and Abdominal Obesity
Taking both genders, 40.2% of 6–11-year-olds and 30.8% of 12–19-year-olds were found to be
overweight (BMI z score >+1), while 17.1% and 10.3% were found to be obese (BMI z score >+2),
respectively (Table 2). Gender-based differences were noted amongst 12–19-year-olds, with the
prevalence of overweight (37.9% in boys vs. 23.7% in girls) and obesity (16.1% in boys vs. 4.4% in
girls) being significantly higher in boys compared to girls. Similar gender-based differentials were
noted in the total sample of 6–19-year-old subjects.
Based on WC as an indicator of central fatness, abdominal obesity was observed in 13.8% of
6–11-year-olds and 14.1% of 12–19-year-olds, with no significant differences between genders
(Table 2). Elevated WHtR was observed in 22% and 20.9% of children and adolescents, respectively,
with gender-based differences being observed amongst 12–19-year-old subjects (26.2% in boys vs.
15.6% in girls; p < 0.05). Similar gender-based differentials were noted in the prevalence of elevated
WHtR in the total sample of 6–19-year-old subjects (Table 2).
As shown in Figure 1, the prevalence of overweight, obesity, elevated WHtR and elevated WC
amongst boys reached the highest rates at the age of 10–13 years (47%, 23%, 32% and 18%,
respectively), while declining afterwards (Figure 1). Amongst girls, the prevalence of overweight and
obesity was the highest at 6–9 years (38% and 14%, respectively) and followed a consistent declining
trajectory with age. The prevalence of elevated WC reached its highest in girls aged between 14 and17
years (16%) and declined afterwards (Figure 1).
Table 2. Prevalence of overweight, obesity and abdominal adiposity amongst Lebanese
children and adolescents (n = 868) by gender and by age group.
Age Groups (years)

Variables

Total

6–11

12–19

n

%

(95% CI)

n

%

81

42.4

(36–50)

94

6–19
(95% CI)

n

%

(95% CI)

37.9 a

(32–44)

175

39.9 a

(35–44)

b

(12–21)

79

18.0 b

(15–22)

Male
Overweight (1)
Obesity

(1)

Elevated WC

(2)

Elevated WHtR (3)

39

20.4

(15–27)

40

16.1

30

15.7

(11–22)

32

12.9

(9–18)

62

14.1

(11–18)

46

24.1

(19–31)

65

26.2 c

(21–32)

111

25.3 c

(21–30)

67

37.9

(31–45)

59

23.7 a

(19–29)

126

29.6 a

(25–34)

Female
Overweight (1)
Obesity

(1)

b

b

24

13.6

(9–19)

11

4.4

(2–8)

35

8.2

Elevated WC (2)

21

11.8

(8–17)

38

15.2

(11–20)

59

13.8

(11–17)

(6–11)

Elevated WHtR (3)

35

19.7

(14–26)

39

15.6 c

(12–21)

74

17.3 c

(14–21)

148

40.2

(35–45)

153

30.8

(27–35)

301

34.8

(32–38)

Both Genders
Overweight (1)
Obesity

(1)

63

17.1

(14–21)

51

10.3

(8–13)

114

13.2

(11–16)

Elevated WC (2)

51

13.8

(10–17)

70

14.1

(11–17)

121

14.0

(11–16)

Elevated WHtR (3)

81

22.0

(18–27)

104

20.9

(17–24)

185

21.3

(18–24)

WC: Waist Circumference; WHtR: Waist to Height ratio;

(1)

Overweight and obesity defined based on sex and age specific +1 and +2

BMI z-scores, respectively [22]; (2) For subjects aged 6–15 years, abdominal obesity: WC > 90th percentile [26] or adult cut-off value if
lower [25]; For subjects aged 16–19 years, abdominal obesity: WC > 94 cm for males and >80 cm for females [25]; (3) Elevated WHtR
defined as WHtR > 0.5 [13];

a,b,c

p < 0.05 (Using Chi-square test).

Within each age group, values with the same superscripts are significantly different by gender at
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Figure 1. Prevalence of overweight, obesity, elevated WC and elevated WHtR amongst Lebanese children and adolescents (n = 868) by age
and gender (* Significant difference by gender p < 0.05).
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3.3. Dietary Intake
As shown in Table 3, average energy intake (2255.85 vs. 1736.48 kcal/day) and percent
contribution of fast food (17.27% vs. 11.35%) and legumes and nuts (3.28% vs. 2.05%) to daily energy
intake were significantly higher among 12–19-year-old adolescents compared to 6–11-year-old
children. On the other hand, the percent contribution of milk and dairies (8.90% vs. 6.47%) and breads
and cereals (36.92% vs. 32.67%) were significantly higher in 6–11-year-old children compared to
adolescents. No significant differences in macronutrient intake were observed between age groups.
Table 3. Energy, macronutrient and food group intake amongst Lebanese children and
adolescents according to age group (n = 868).
Dietary Variables
Energy (kcal ± SE )
Carbohydrates
Protein
Fat
Breads and Cereals
Milk and Dairies
Meat and Equivalent
Legumes and Nuts
Fruits and Vegetables
Added Fats and Oils
Fast Food
Sugar and Sweets
Sugar Sweetened Beverages
a,b,c,d,e

Age Group (years)
Total
6–11
12–19
6–19
(n = 370)
(n = 498)
(n = 868)
a
a
1736.48 ± 36.12
2255.85 ± 51.60
2033.70 ± 34.47
Mean % Daily Energy Intake ± SE
52.01 ± 0.51
51.05 ± 0.48
51.46 ± 0.35
13.11 ± 0.18
13.53 ± 0.23
13.35 ± 0.15
35.86 ± 0.47
36.24 ± 0.43
36.058 ± 0.32
36.92
±0.89 b
32.67
±0.77 b
34.49
±0.58
c
c
8.90
±0.52
6.47
±0.37
7.51
±0.31
10.22
±0.57
10.15
±0.57
10.18
±0.40
d
d
2.05
±0.34
3.28
±0.38
2.76
±0.27
5.35
±0.33
5.42
±0.33
5.39
±0.24
7.58
±0.47
8.42
±0.42
8.06
±0.31
e
e
11.35
±0.69
17.27
±0.92
14.74
±0.61
10.81
±0.63
9.65
±0.60
10.15
±0.44
6.52
±0.45
6.45
±0.32
6.48
±0.26

Values with the same superscripts are significantly different by age group at p < 0.05 (Using t-test).

3.4. Factors Associated with Overweigh, Obesity and Abdominal Obesity
Amongst 6–11-year-old children, results of the multivariate regression analysis showed that, as
compared to subjects living in the capital Beirut, those residing in other governorates had significantly
lower odds of being overweight (OR = 0.32; 95% CI: 0.1–0.98), obese (OR = 0.21; 95% CI:
0.06–0.71), and of having elevated WC (OR = 0.16; 95% CI: 0.04–0.56) (Table 4). Higher maternal
education was associated with significantly higher odds of overweight (OR = 2.45; 95% CI:
1.13–5.31), while higher paternal education was associated with lower odds of obesity in this age
group (OR = 0.32; 95% CI: 0.11–0.91). Maternal employment was shown to be associated with
significantly higher odds of obesity (OR = 2.6; 95% CI: 1.18–5.70) and elevated WHtR (OR = 2.27;
95% CI: 1.19–4.33). In contrast, daily breakfast consumption was associated with significantly lower
odds of overweight (OR = 0.2; 95% CI: 0.05–0.84) and obesity (OR = 0.07; 95% CI: 0.01–0.30);
higher intakes of milk & dairies were associated with lower odds of elevated WC (OR = 0.35; 95% CI:
0.13–0.91), and higher intakes of added fats/oils were associated with lower odds of obesity

Nutrients 2014, 6

1048

(OR = 0.30; 95% CI: 0.12–0.73), elevated WHtR (OR = 0.42; 95% CI: 0.20–0.88), and elevated WC
(OR = 0.32; 95% CI: 0.12–0.88). High consumption of fast food was associated with a threefold
increase in the risk of overweight in this age group (OR = 3.24; 95% CI: 1.21–8.69) (Table 4).
Table 4. Associations of socio-demographic, lifestyle and dietary factors with overweight,
obesity, elevated waist to height ratio (WHtR), and elevated waist circumference (WC) in
Lebanese 6–11-year-old children (n = 868).
6–11 Years
(n = 370)

Variables

Overweight

1

Obesity

1

Elevated WHtR

Elevated WC

Odds Ratio [95% CI]
Socio-Demographic Factors
Age (years)

1.17 [1.00–1.36]

1.17 [0.91–1.37]

1.14 [0.97–1.34]

1.22 [0.96–1.54]

1.00 1.92 [0.94–3.90]

1.00 1.47 [0.84–2.56]

1.00

1.00

1.00

1.00

0.32 [0.10–0.98]

0.21 [0.06–0.71]

0.39 [0.14–1.05]

0.16 [0.04–0.56]

Low

1.00

1.00

1.00

1.00

Medium

1.14 [0.57–2.29]

0.83 [0.35–1.96]

0.98 [0.46–2.07]

1.12 [0.43–2.92]

High

0.52 [0.24–1.11]

0.32 [0.11–0.91]

0.73 [0.33–1.62]

0.46 [0.14–1.48]

Low

1.00

1.00

1.00

1.00

Medium

1.98 [0.90–4.33]

1.59 [0.60–4.18]

0.66 [0.30–1.47]

0.68 [0.23–1.95]

High

2.45 [1.13–5.31]

1.36 [0.52–3.59]

0.68 [0.31–1.45]

0.80 [0.29–2.20]

Not Working

1.00

1.00

1.00

1.00

Working

1.06 [0.55–2.03]

2.60 [1.18–5.70]

2.27 [1.19–4.33]

1.47 [0.60–3.63]

<1 person/room

1.00

1.00

1.00

1.00

≥1 person/room

1.19 [0.59–2.40]

1.04 [0.40–2.70]

0.64 [0.31–1.31]

0.53 [0.20–1.40]

No

1.00

1.00

1.00

1.00

Yes

1.72 [0.97–3.04]

2.67 [1.34–5.31]

2.10 [1.18–3.72]

2.46 [1.15–5.23]

Sex
Female

1.00

Male

1.17 [0.69–1.97]

1.00
2.01 [0.90–4.48]

Place of Residence
Beirut (Capital)
Other Governorates
Father’s Education

2

Mother’s Education

2

Mother’s Working Status

Crowding Index

Parental Obesity

Lifestyle and Dietary Factors
Physical Activity 3
Low

1.00

1.00

1.00

1.00

Medium

1.60 [0.91–2.81

1.78 [0.90–3.52]

0.99 [0.52–1.86]

1.43 [0.71–2.89]

0.86 [0.56–1.33]

0.75 [0.42–1.33]

0.70 [0.43–1.14

0.68 [0.38–1.22]

1.02 [0.93–1.12]

1.10 [0.97–1.25]

1.05 [0.93–1.19]

1.08 [0.94–1.25]

No

1.00

1.00

1.00

1.00

Yes

0.20 [0.05–0.84]

0.07 [0.01–0.30]

0.32 [0.07–1.32]

0.25 [0.05–1.25]

High
Sedentary Time (h/day)
Daily Breakfast
Consumption
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Frequency of Eating Out
≤1 time/week

1.00

1.00

1.00

1.00

>1 time/week

1.01 [0.62–1.65]

0.96 [0.48–1.93]

1.18 [0.65–2.14]

1.75 [0.82–3.70]

Low

1.00

1.00

1.00

1.00

Medium

1.21 [0.70–2.10]

1.19 [0.54–2.65]

1.43 [0.73–2.78]

1.13 [0.48–2.66]

High

1.44 [0.71–2.90]

1.10 [0.52–3.74]

1.13 [0.47–2.71]

1.54 [0.54–4.43]

Low

1.00

1.00

1.00

1.00

Medium

1.19 [0.67–2.12]

0.76 [0.32–1.79]

0.72 [0.35–1.46]

0.51 [0.20–1.32]

High

1.01 [0.53–1.86]

1.36 [0.59–3.14]

0.97 [0.46–2.01]

1.13 [0.46–2.73]

Low

1.00

1.00

1.00

1.00

Medium

0.92 [0.50–1.69]

0.99 [0.43–2.30]

1.07 [0.52–2.22]

0.53 [0.21–1.32]

High

1.16 [0.62–2.16]

0.64 [0.26–1.56]

0.66 [0.30–1.43]

0.35 [0.13–0.91]

Low

1.00

1.00

1.00

1.00

Medium

0.86 [0.48–1.53]

1.19 [0.54–2.61]

1.24 [0.63–2.44]

1.38 [0.56–3.18]

High

0.71 [0.34–1.47]

0.64 [0.21–1.94]

1.32 [0.53–3.29]

1.26 [0.38–4.17]

Low

1.00

1.00

1.00

1.00

Medium

1.08 [0.66–1.76]

0.65 [0.34–1.23]

0.74 [0.41–1.33]

0.86 [0.42–1.74]

0.90 [0.51–1.58]

0.68 [0.33–1.42]

0.93 [0.49–1.78]

1.17 [0.55–2.51]

Low

1.00

1.00

1.00

1.00

Medium

1.55 [0.86–2.79]

2.24 [0.99–5.08]

1.08 [0.49–2.37]

2.01 [0.83–4.86]

High

0.91 [0.50–1.67]

1.11 [0.45–2.69]

0.99 [0.48–2.03]

1.11 [0.42–2.90]

Low

1.00

1.00

1.00

1.00

Medium

0.73 [0.40–1.32]

0.36 [0.17–0.86]

0.42 [0.20–0.88]

0.79 [0.32–1.93]

High

0.64 [0.34–1.18]

0.30 [0.12–0.73]

0.53 [0.26–1.08]

0.32 [0.12–0.88]

Low

1.00

1.00

1.00

1.00

Medium

2.14 [0.91–5.02]

2.41 [0.70–8.23]

1.62 [0.51–5.10]

2.86 [0.64–12.64]

High

3.24 [1.21–8.69]

1.50 [0.43–5.23]

2.46 [0.79–7.67]

1.50 [0.37–6.01]

Low

1.00

1.00

1.00

1.00

Medium

1.04 [0.57–1.90]

0.86 [0.37–1.92]

1.03 [0.50–2.14]

1.01 [0.39–2.59]

High

1.12 [0.61–2.06]

0.76 [0.33–1.75]

1.17 [0.57–2.43

1.59 [0.65–3.88]

Low

1.00

1.00

1.00

1.00

Medium

1.13 [0.67–1.90]

0.66 [0.34–1.28]

0.53 [0.22–1.28]

0.57 [0.22–1.17]

High

1.32 [0.79–2.22]

0.59 [0.29–1.17]

0.81 [0.45–1.45]

0.54 [0.20–1.13]

Total Daily Energy Intake (kcal)

Bread and Cereals

2

4

Milk and Dairies 4

Meat and Equivalent 4

Legumes and Nuts 4

High
Fruits and Vegetables

Added Fats and Oils

Fast Foods

4

4

4

Sugar and Sweets

4

Sugar Sweetened Beverages

1

4

Overweight and obesity defined based on sex and age specific +1 and +2 BMI z-scores, respectively [22]; 2 Low, medium and high

education levels refer to primary or less, intermediate or high school and above, respectively; 3 The three categories of physical activity
(Low, Moderate, High) refer to the frequency of physical activity outside the school setting (Never, 1–2 times/week; >2 times/week);
4

Food groups’ intake based on percent contribution to daily energy intake. Low, medium, and high refer to first, second, and third

tertiles, respectively.
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Amongst 12–19-year-old adolescents, male gender was associated with significantly higher odds
of obesity (OR = 5.18; 95% CI: 1.76–15.28) and elevated WHtR (OR = 1.82; 95% CI: 1.12–2.97)
(Table 5). Similar to findings amongst 6–11-year-old children, significantly lower odds of overweight
were observed amongst adolescents residing in other governorates as compared to those living in the
capital Beirut (OR = 0.40; 95% CI: 0.19–0.83). Parental obesity was associated with approximately a
3-fold increase in the odds of overweight (OR = 3.01; 95% CI: 1.61–5.63), obesity (OR = 2.93; 95%
CI: 1.09–7.86), and elevated WHtR (OR = 2.87; 95% CI: 1.55–5.30). A borderline significant
association between high physical activity and lower odds of overweight (OR = 0.62; 95% CI:
0.33–1.05) and central fatness as assessed by WHtR (OR = 0.53; 95% CI: 0.26–1.09) was also
observed. Sedentary time was significantly positively associated with all adiposity indicators amongst
12–19-year-old adolescents with higher odds of overweight (OR = 1.12; 95% CI: 1.03–1.21), obesity
(OR = 1.2; 95% CI: 1.06–1.35), elevated WHtR (OR = 1.27; 95% CI: 1.13–1.43), and elevated WC
(OR = 1.10; 95% CI: 1.01–1.22) being observed. Higher intakes of milk and dairies were associated
with significantly lower odds of overweight (OR = 0.56; 95% CI: 0.32–0.98) in this age group. In
contrast, higher intakes of sugar sweetened beverages were associated with significantly higher odds of
overweight (OR = 2.49; 95% CI: 1.5–4.12) and elevated WHtR (OR = 1.77; 95% CI: 1.02–3.07).
A borderline significant association was found between the consumption of fruits and vegetables and
lower odds of elevated WC (OR = 0.46; 95% CI: 0.21–1.00) (Table 5).
Table 5. Associations of socio-demographic, lifestyle and dietary factors with overweight,
obesity, elevated WHtR and elevated WC in Lebanese 12–19-year-old adolescents.

Variables

12–19 Years
(n = 498)
Overweight 1

Obesity 1

Elevated WHtR

Elevated WC

Odds ratio [95%CI]
Socio-Demographic Factors
Age (years)
Sex
Female
Male
Place of Residence
Beirut (Capital)
Other Governorates
Father’s Education 2
Low
Medium
High
Mother’s Education 2
Low
Medium
High

0.99 [0.83–1.18]

0.91 [0.69–1.20]

0.99 [089–1.10]

0.95 [0.77–1.17]

1.00
1.68 [0.92–3.07]

1.00
5.18 [1.76–15.28]

1.00
1.82 [1.12–2.97]

1.00
0.75 [0.35–1.58]

1.00
0.40 [0.19–0.83]

1.00
0.54 [0.14–2.06]

1.00
1.18 [0.47–2.96]

1.00
1.00 [0.29–3.44]

1.00
1.53 [0.67–3.50]
1.47 [0.63–3.42]

1.00
1.26 [0.30–5.22]
2.20 [0.56–8.64]

1.00
1.70 [0.87–3.31]
1.83 [0.90–3.72]

1.00
1.14 [0.38–3.42]
2.13 [0.75–6.08]

1.00
0.84 [0.33–2.09]
1.30 [0.54–3.12]

1.00
1.33 [0.26–6.86]
2.12 [0.50–8.85]

1.00
0.67 [0.33–1.36]
0.73 [0.36–1.45]

1.00
0.48 [0.15–1.55]
0.73 [0.25–2.13]
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Mother’s Working
Status
Not Working
Working
Crowding Index
<1 person/room
≥1 person/room
Parental Obesity
No
Yes

1.00
1.50 [0.69–3.27]

1.00
0.47 [0.10–2.07]

1.00
1.10 [0.60–2.02]

1.00
1.11 [0.43–2.86]

1.00
1.74 [0.69–4.40]

1.00
0.96 [0.25–3.65]

1.00
0.74 [0.39–1.41]

1.00
0.73 [0.28–1.95]

1.00
3.01 [1.61–5.63]

1.00
2.93 [1.09–7.86]

1.00
2.87 [1.55–5.30]

1.00
1.74 [0.81–3.72]

Lifestyle and Dietary Factors
Physical Activity
Low
Medium
High

3

1.00
0.79 [0.44–1.39]
0.62 [0.33–1.05]

1.00
0.89 [0.37–2.12]
0.43 [0.13–1.33]

1.00
0.75 [0.39–1.43]
0.53 [0.26–1.09]

1.00
0.77 [0.35–1.69]
0.53 [0.21–1.31]

1.12 [1.03–1.21]

1.20 [1.06–1.35]

1.27 [1.13–1.43]

1.10 [1.01–1.22]

Daily Breakfast
Consumption
No
Yes

1.00
0.62 [0.28–1.40]

1.00
1.11 [0.28–4.41]

1.00
0.58 [0.24–1.37]

1.00
0.72 [0.27–1.88]

Frequency of
Eating Out
≤1 time/week
>1 time/week

1.00
0.74 [0.47–1.17]

1.00
0.87 [0.42–1.79]

1.00
0.87 [0.52–1.45]

1.00
1.09 [0.60–1.97]

Total Daily Energy
Intake (Kcal) 2
Low
Medium
High

1.00
1.05 [0.56–1.96]
0.80 [0.42–1.54]

1.00
0.62 [0.23–1.69]
0.85 [0.31–2.31]

1.00
0.67 [0.33–1.36]
0.75 [0.37–1.52]

1.00
0.62 [0.28–1.39]
0.91 [0.41–2.04]

Bread and Cereals 4
Low
Medium
High

1.00
1.18 [0.69–2.02]
0.57 [0.32–1.02]

1.00
1.71 [0.75–3.92]
1.07 [0.43–2.65]

1.00
1.21 [0.66–2.23]
0.79 [0.41–1.50]

1.00
1.21 [0.61–2.39]
0.76 [0.36–1.62]

Milk and Dairies 4
Low
Medium
High

1.00
1.04 [0.61–1.78]
0.56 [0.32–0.98]

1.00
0.79 [0.36–1.75]
0.50 [0.21–1.20]

1.00
1.26 [0.69–2.32]
1.17 [0.64–2.15]

1.00
1.39 [0.70–2.75]
1.04 [0.51–2.12]

Meat and equivalent 4
Low
Medium
High

1.00
0.78 [0.44–1.39]
1.12 [0.63–1.99]

1.00
0.89 [0.35–2.27]
1.01 [0.39–2.57]

1.00
0.94 [0.49–1.79]
1.01 [0.52–1.93]

1.00
1.38 [0.64–2.95]
1.45 [0.66–3.14]

Sedentary time
(h/day)

Nutrients 2014, 6

1052
Table 5. Cont.

Legumes and Nuts 4
Low
Medium
High

1.00
0.66 [0.39–1.12]
0.97 [0.61–1.53]

1.00
1.59 [0.76–3.31]
0.81 [0.38–1.75]

1.00
1.34 [0.76–2.46]
1.33 [0.77–2.30]

1.00
1.28 [0.64–2.54]
1.25 [0.66–2.36]

Fruits and Vegetables 4
Low
Medium
High

1.00
0.87 [0.50–1.54]
0.69 [0.39–1.21]

1.00
0.73 [0.30–1.73]
0.87 [0.36–2.06]

1.00
0.62 [0.29–1.33]
0.61 [0.30–1.24]

1.00
0.46 [0.21–1.00]
0.60 [0.29–1.21]

Added Fats and Oils 4
Low
Medium
High

1.00
1.39 [0.79–2.45]
1.19 [0.67–2.13]

1.00
0.67 [0.28–1.57]
0.92 [0.39–2.18]

1.00
0.87 [0.46–1.65]
1.31 [0.70–2.45]

1.00
0.96 [0.45–2.03]
1.63 [0.79–3.35]

Fast Foods 4
Low
Medium
High

1.00
0.92 [0.31–2.73]
1.40 [0.53–3.66]

1.00
0.89 [0.25–1.31]
1.34 [0.45–4.03]

1.00
1.07 [0.44–2.59]
1.46 [0.67–3.16]

1.00
1.64 [0.59–4.57]
2.05 [0.83–5.08]

Sugar and Sweets 4
Low
Medium
High

1.00
0.72 [0.41–1.27]
0.82 [0.47–1.42]

1.00
0.82 [0.35–1.88]
0.75 [0.32–1.73]

1.00
0.82 [0.44–1.53]
0.82 [0.44–1.53]

1.00
0.50 [0.25–1.17]
0.72 [0.39–1.31]

Sugar Sweetened
Beverages 4
Low
Medium
High

1.00
2.49 [1.50–4.12]
1.36 [0.80–2.29]

1.00
1.74 [0.78–3.88]
1.69 [0.76–3.77]

1.00
1.77 [1.02–3.07]
0.94 [0.52–1.70]

1.00
1.62 [0.83–3.13]
1.19 [0.60–2.37]

1

Overweight and obesity defined based on sex and age specific +1 and +2 BMI z-scores, respectively [22];

2

Low, medium and high education levels refer to primary or less, intermediate or high school and above, respectively;

3

The three categories of physical activity (Low, Moderate, High) refer to the frequency of physical activity outside the

school setting (Never, 1–2 times/week; >2 times/week);

4

Food groups’ intake based on percent contribution to daily

energy intake. Low, medium and high refer to first, second, and third tertiles, respectively.

4. Discussion
Based on a nationally representative survey, this paper reports on the prevalence of overweight,
obesity, and abdominal adiposity in Lebanese children and adolescents and provides evidence linking
specific dietary, lifestyle, and socioeconomic factors to increased risk of adiposity in this population
group. Recognizing that the development of successful obesity prevention strategies should rely on
evidence-based public health approaches, the results of this paper could represent a stepping stone for
the formulation of effective interventions and policies aiming at curbing the epidemic of obesity in
Lebanese youth.
The findings of the present study indicate high prevalence rates of overweight and obesity amongst
Lebanese children and adolescents. Using the WHO 2007 BMI criteria, it was found that more than
third of 6–19-year-old children and adolescents (34.8%) are overweight (BMI z score >+1), with about
one in seven (13.2%) being obese (BMI z score >+2). To allow comparison with findings reported

Nutrients 2014, 6

1053

from selected countries in the region and worldwide, data were re-analyzed according to IOTF and
CDC criteria. Based on the IOTF criteria, current prevalence rates of obesity amongst children and
adolescents in Lebanon (9.6%) are comparable to those reported from Bahrain (11.3%) [28] and Syria
(11.1%) [29], higher than those observed in Qatar (6.3%) [30], while being lower than those reported
from the UAE (13.7%) [31]. Based on the CDC 2000 definition, the prevalence of obesity in Lebanese
youth (12.6%) appears lower than that reported from the US (18.7%) [32], while being considerably
higher than estimates reported from Iran (1.8%) [33] and Saudi-Arabia (5.7%) [34]. When the results
of the present study are compared to those provided by the first national survey conducted in 1997 in
Lebanon [19,20], an approximate two-fold increase in the prevalence of obesity in 6–19-year-old
Lebanese children is noted (7.3% in 1997 vs. 13.2% in 2009, based on WHO 2007 criteria). As such, the
observed annual increase (+6.7%) in the prevalence of child obesity in Lebanon exceeds the estimated
annual increase in the EMRO region (+5.6%), as determined by Wang and Lobstein (2006) [2]. The
prevalence of abdominal adiposity in Lebanese youth has followed a parallel increasing trend between
1997 and 2009, with elevated WC rates increasing from 8.5 to 14% and elevated WHtR rates
increasing from 19.1 to 21.3% amongst 6–19-year-old children. Current prevalence rates of abdominal
obesity as assessed by WHtR (21.3%) were found to exceed those reported from several other
countries including Germany (10.7% in boys and 8% in girls) [35] and Pakistan (16.5%) [16] while
being lower than those reported from Italy (29.5%) [36]. The prevalence rates of elevated WC (14%)
were similar to those reported from Pakistan (13%) [16] and Germany (17.3%) [37], but were lower
than estimates reported from Italy (29%) [36].
Gender differentials in the prevalence of obesity and central fatness were noted in 12–19-year-old
adolescents, with the odds of obesity being five times higher in boys compared to girls. Adolescent
boys were also approximately two times more likely to be abdominally obese compared to girls based
on the WHtR indicator. The higher prevalence of obesity amongst boys in this age group, is in line
with previous reports from other countries in the region such as Syria, Qatar, Saudi-Arabia, and
Greece [29,30,38,39], and with previous studies conducted in Lebanon [19,40]. This may possibly be
resulting from stronger cultural and social pressure on adolescent girls to maintain an acceptable body
image in this age group [19]. Gender differentials may also be explained by differences in dietary
patterns and food choices. In this study, adolescent boys had a significantly higher intake of fast food,
sugar sweetened beverages, and breads and cereals, while having significantly lower intakes of fruits
and vegetables compared to girls (data not shown).
Our finding of a positive significant association between paediatric adiposity and parental obesity
corroborates those reported from other studies and underscores the importance of genetic factors in the
aetiology of body fatness [29,41]. However, strong evidence also suggests that childhood obesity is
linked to socio-economic development, changes in environmental factors, such as living and school
environments, diet, and physical activity patterns [2]. In the present study, specific dietary habits and
food choices were associated with the risk of adiposity in the study sample. In 6–11-year-old children,
and in line with several previous studies [42–44], regular breakfast consumption was associated with a
significantly lower risk of overweight and obesity. Although mechanisms linking breakfast consumption
to lower body weight are unclear, several possible explanations may exist [42]. Skipping breakfast
may lead to excess hunger, rebound overeating [42], and consumption of larger portion sizes [45] and
higher amounts of discretionary calories at subsequent meals [42]. Breakfast consumption may also be
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associated with the selection of more healthful food choices [46], more regular eating habits and
increased frequency of eating meals, which is suggested to reduce the efficiency of utilization of
metabolizable energy and promote diet-induced thermogenesis and energy expenditure [42,47].
In agreement with previous reports [48,49], fast food consumption was associated with a threefold
increase in the risk of overweight amongst 6–11-year-old children. Fast food’s poor nutritional
quality [50,51] and higher content of fat and saturated fat [52] underline their potential role as
contributors to childhood adiposity and weight gain. Previous studies have shown that compared with
non-consumers, children who consume fast food were found to have higher total energy, total fat, and
saturated fat intakes [53] and higher obesity risk, while having lower intakes of fiber, milk, fruit,
vegetables and fiber [48,49,53,54]. Contrary to the observed association between fast food and
adiposity in the study sample, the intake of milk and dairy products was found to be associated with
lower odds of abdominal adiposity in this age group (6–11-year-old children). In agreement with our
findings, several observational studies have illustrated inverse associations between dairy intake and
adiposity in children, while suggesting a role for dairy protein in the regulation of body weight [55,56].
Other studies have found that dietary calcium intake, especially from dairy products, may have a
protective effect against overweight and obesity [57,58]. Based on a retrospective analysis of several
studies, Heaney et al. (2002) proposed that a daily increase of 300 mg of calcium, or approximately 1
dairy serving, was associated with a yearly reduction of approximately 1 kg of body fat in
children [59]. It is hypothesized that the relationship between calcium and body weight may be
mediated by the lower intracellular calcium levels resulting from high calcium intakes, which reduce
lipogenesis while increasing lipolysis and decreasing adiposity [60]. Surprisingly, the intake of “added
fats and oils” was found to be associated with a protective effect against obesity and abdominal
adiposity in 6–11-year-old children. When looking at the types of fats and oils included in this food
group, olive oil was found to contribute 78% of added fats and oils, on a weight basis.
Monounsaturated fats (MUFAs) and olive oil, which represent one of the distinctive properties of the
Mediterranean diet, was suggested to reduce the risk of obesity in childhood [61]. In a one–year
longitudinal study conducted on 13–166-month-old children, the risk of weight gain was significantly
lower in children who consumed olive oil compared to those who did not [61]. MUFAs may act on the
regulation of appetite, on the intestinal absorption of fat, on the lipolytic activity of the adipocyte and
on thermogenesis, among other functions and therefore may contribute to the regulation of body
weight [61–64].
Amongst 12–19-year-old adolescents, and similarly to the findings documented in 6–11-year-old
children, higher intakes of milk and dairy products were associated with lower odds of adiposity. In
addition, a positive association was documented between higher consumption of sugar-sweetened
beverages and a higher risk of overweight and elevated WHtR amongst adolescents. This is in agreement
with findings reported from large cross-sectional studies and several well-powered prospective cohort
studies [65], which document a positive association between greater intakes of sugar sweetened
beverages and obesity in children. A recent meta-analysis of cohort studies found that a higher intake
of sugar-sweetened beverages among children was associated with 55% (95% CI 32%–82%) higher
risk of being overweight or obese compared to lower intakes [66]. The high added sugar content, low
satiety and the resulting incomplete compensation of energy at subsequent meals are likely mechanism
by which sugar-sweetened beverages may lead to weight gain [67].
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Through combined effects on energy balance, physical activity and sedentary time were suggested
as two important and distinct modulators of obesity risk in children and adolescents [68]. In the present
study, a borderline significant association was documented between high physical activity and lower
odds of overweight and central fatness in adolescents. Similarly, sedentary time was associated with
significantly higher odds of overweight, obesity and abdominal adiposity (elevated WC and WHtR) in
the same age group. It is suggested that adolescents usually become more interested in screen-time
activities such as computer games or watching TV than their younger peers, and, hence, are more
prone to engage in sedentary behaviors [69]. When compared to the findings of the previous national
survey conducted in 1997 in Lebanon [19], sedentary behavior among Lebanese children and
adolescents (defined as ≥10 h sedentary time per day) was found to increase from 19.9% in 1997
to 60.5% in 2009, a finding that may mirror the increased reliance of youth on TV and
telecommunication technology. Similarly, regression analyses showed that the risk of
overweight/obesity and abdominal obesity was higher in children and adolescents living in the capital
Beirut as compared to their counterparts residing in other governorates. Beirut, as a city, is
characterized by a complete lack of safe greens and public spaces, such as gardens, parks, playgrounds
and sports fields which may have direct repercussions on the lifestyle of children and adolescents such
as decreased physical activity, increased screen time and television watching and consequently
sedentary behavior [6]. In a European sample of 766 children, aged 10 to 12 years, engagement in
more moderate to vigorous physical activity and spending less sedentary time were associated with a
more favorable weight status in the study sample [68].
The results of this study document significant associations between certain parental socioeconomic
characteristics and adiposity amongst 6–11-year-old children, but not amongst adolescents. An inverse
association between fathers’ education level and child obesity was documented. This finding is in
disagreement with that reported from several developing countries [29,70] where a positive association
between paediatric obesity and higher parental education was documented. However, our findings are
in agreement with those reported from developed countries [71–73]. A study conducted in Italy among
8- to 9-year-old children showed that the prevalence of paediatric obesity was inversely related to the
educational level of fathers, thus highlighting the role of paternal education in modulating the family’s
lifestyle, economic and cultural resources, all of which may bear ramifications on nutritional and
behavioral choices and therefore obesity risk in childhood [73]. In contrast, and in agreement with
findings reported from various developing countries [29,70], higher maternal education was found to
be associated with significantly higher odds of overweight amongst 6–11-year-old children. This
finding may be a reflection of the association between maternal employment and adiposity in children
as the likelihood of employment of the mother increases as her education level increases. In
the 6–11-year-old study sample, children with working mothers were found to carry more than a
two-fold increase in the risk of obesity and abdominal obesity (elevated WHtR) compared to their
counterparts. Maternal employment may in fact be one of the modulators of the family environment,
which can have a direct influence on children’s lifestyles, physical activity, and eating habits [74].
A recent longitudinal study in the UK showed that children with working mothers were more likely to
be overweight or obese than those of non-working mothers, and children’s likelihood of being
overweight or obese increased with the mother’s working time [72].
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The results of this study should be considered in light of the following limitations. The use of
cut-offs that are not population-specific may jeopardize the sensitivity and specificity of the indices
used to assess overweight, obesity and abdominal adiposity. Another limitation of concern is the fact
that children aged above 11 years reported themselves on their dietary intake. Children’s recall of food
intake may be associated with under-reporting (missing foods), over-reporting [75], as well as
incorrect identification of foods due to their lower knowledge of foods and their preparation [76]. It is
also important to note that, in our study, dietary information was based on the collection of one 24-h
recall, which may not be representative of dietary intakes at the individual level. However, despite its
well-known limitations such as reliance on memory and day-to-day variation, the 24-h recall may
provide accurate estimates of energy intake at the population level [76]. In the present study, dietary
information was collected by the multiple pass 24-h recall approach, which was shown to provide
accurate estimates of dietary intake in children [77]. In addition, the recalls were taken 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. It is important to note that the physical activity questionnaire that was used in this study
was not validated. However, the questionnaire was reviewed by a panel of experts including a
nutritionist, a physical activity educator and an epidemiologist, and was based on tools used in
similar studies.
5. Conclusions
This study has documented high prevalence rates of overweight, obesity and adnominal adiposity
amongst Lebanese children and adolescents. More importantly, the study’s findings pinpointed
towards specific socioeconomic, dietary, and lifestyle factors that may increase the risk of adiposity in
Lebanese youth. The documented high prevalence of child adiposity raises questions about its
implications for psychosocial development and disease burden in the country, given the association of
paediatric adiposity with metabolic syndrome, insulin resistance, hypertension, glucose intolerance,
and dyslipidaemia [3,4]. With those below 20 years of age, making up close to 50% of the Lebanese
population [78], these estimates do not bode well for the health and well-being of the population.
Childhood obesity is related to growing up in an obesogenic environment, in which changes in
physical activity and diet appear as the main drivers. In countries undergoing the nutrition transition
such as Lebanon, children and adolescents represent the age group that suffers the most from adoption
of western lifestyle characterized by long hours of television viewing, computer games, and heavy
reliance on fast food, all of which are key factors affecting nutritional habits and obesity levels [79]. In
the present study, adiposity in children was positively associated with sedentarity, irregular breakfast
consumption, and higher intakes of fast food and sugar-sweetened beverages while the consumption of
milk/dairies and olive oil were associated with a lowered risk. Parental socioeconomic characteristics,
including education level and maternal employment, were documented as risk factors for adiposity
in 6–11-year-old children, but not in adolescents. This highlights the importance of the home
environment in modulating the child’s lifestyle and dietary habits and hence obesity risk early in
life. Taken together, these findings call for community-based intervention programs that involve
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multisectoral partnerships and that are responsive to the sociocultural norms of the population. The
prevention of paediatric overweight and obesity requires systems-level approaches and environmental
support across all sectors of society to achieve sustained dietary and physical-activity behavior
change [80]. Based on the results of this study, physical intervention strategies should in particular
target adolescents who were shown to have higher levels of sedentarity and to be less likely to
engage in physical activity compared to their younger peers. Family-focused interventions and
behavioral strategies are needed to instil healthy lifestyle and dietary habits early in life.
School-based interventions should integrate behavioral and environmental approaches that focus on
dietary intake and physical activity using a systems-level approach [80]. Policy and environmental
interventions are recommended as sustainable ways to support healthful lifestyles for children and
families and to ensure that all youth have the opportunity to achieve and maintain a weight that is
optimal for health [80].
Acknowledgments
The study was funded by the Training Programs in Epidemiology and Public Health Interventions
Network (TEPHINET in the US), the World Health Organization (WHO)-Lebanon, and the Lebanese
National Council for Scientific Research through its support of the Associated Research Unit on
Under-nutrition and Obesity in Lebanon.
Authors’ Contributions
LN wrote the paper and contributed to data analysis/interpretation; NH and AMS designed and
supervised the study and critically reviewed the paper; MCC coordinated field work; FN participated
in data analysis and critically reviewed the paper; SK participated in data analysis; CA conducted data
analysis and contributed to data interpretation; LN and FN contributed equally to this manuscript. All
authors read and approved the final manuscript.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.

2.
3.

4.

Sibai, A.M.; Nasreddine, L.; Mokdad, A.H.; Adra, N.; Tabet, M.; Hwalla, N. Nutrition transition
and cardiovascular disease risk factors in the MENA countries: Reviewing the evidence.
Ann. Nutr. Metab. 2010, 57, 193–203.
Wang, Y.; Lobstein, T. Worldwide trends in childhood overweight and obesity. Int. J. Pediatr.
Obes. 2006, 1, 11–25.
Black, R.E.; Victora, C.G.; Walker, S.P.; Bhutta, Z.A.; Christian, P.; de Onis, M.; Ezzati, M.;
Grantham-McGregor, S.; Katz, J.; Martorell, R.; et al. Maternal and child undernutrition and
overweight in low-income and middle-income countries. Lancet 2013, 382, 427–451.
Weiss, R.; Dziura, J.; Burgert, T.S. Obesity and the metabolic syndrome in children and
adolescents. N. Engl. J. Med. 2004, 350, 2362–2374.

Nutrients 2014, 6
5.

6.
7.
8.

9.

10.
11.

12.
13.

14.

15.

16.

17.

18.

1058

Nasreddine, L.; Ouaijan, K.; Mansour, M.; Adra, N.; Sinno, D.; Hwalla, N. Metabolic syndrome
and insulin resistance in obese pre-pubertal children in Lebanon: A primary health concern. Ann.
Nutr. Metab. 2010, 57, 135–142.
Ebbeling, C.B.; Pawlak, D.B.; Ludwig, D.S. Childhood obesity: Public-health crisis, common
sense cure. Lancet 2002, 360, 473–482.
Krebs, N.F.; Jacobson, M.S.; American Academy of Pediatrics Committee on Nutrition.
Prevention of pediatric overweight and obesity. Pediatrics 2003, 112, 424–430.
Blüher, S.; Molz, E.; Wiegand, S.; Otto, K.P.; Sergeyev, E.; Tuschy, S.; L’Allemand-Jander, D.;
Kiess, W.; Holl, R.W.; Adiposity Patients Registry Initiative and German Competence Net
Obesity. Body mass index, waist circumference, and waist-to-height ratio as predictors of
cardiometabolic risk in childhood obesity depending on pubertal development. J. Clin.
Endocrinol. Metab. 2013, 98, 3384–3393.
Hirschler, V.; Molinari, C.; Maccallini, G.; Aranda, C.; Oestreicher, K. Comparison of different
anthropometric indices for identifying dyslipidemia in school children. Clin. Biochem. 2011, 44,
659–664.
Janssen, I.; Katzmarzyk, P.T.; Ross, R. Waist circumference and not body mass index explains
obesity related health risk. Am. J. Clin. Nutr. 2004, 79, 379–384.
Janssen, I.; Katzmarzyk, P.T.; Srinivasan, S.R.; Chen, W.; Malina, R.M.; Bouchard, C.;
Berenson, G.S. Combined influence of body mass index and waist circumference on coronary
artery disease risk factors among children and adolescents. Pediatrics 2005, 115, 1623–1630.
Lee, S.; Bacha, F.; Gungor, N.; Arslanian, S.A. Waist circumference is an independent predictor
of insulin resistance in black and white youths. J. Pediatr. 2006, 148, 188–194.
Maffeis, C.; Banzato, C.; Talamini, G.; Obesity Study Group of the Italian Society of Pediatric
Endocrinology and Diabetology. Waist to-height ratio, a useful index to identify high metabolic
risk in overweight children. J. Pediatr. 2008, 152, 207–213.
McCarthy, H.D.; Ashwell, M. A study of central fatness using waist-to-height ratios in UK
children and adolescents over two decades supports the simple message—“Keep your waist
circumference to less than half your height”. Int. J. Obes. 2006, 30, 988–992.
Freedman, D.S.; Kahn, H.S.; Mei, Z.; Grummer-Strawn, L.M.; Dietz, W.H.; Srinivasan, S.R.;
Berenson, G.S. Relation of body mass index and waist-to-height ratio to cardiovascular disease
risk factors in children and adolescents: The Bogalusa Heart Study. Am. J. Clin. Nutr. 2007, 86,
33–40.
Mushtaq, M.U.; Gull, S.; Abdullah, H.M.; Shahid, U.; Shad, M.A.; Akram, J. Waist circumference,
waist-hip ratio and waist-height ratio percentiles and central obesity among Pakistani children
aged five to twelve years. BMC Pediatr. 2011, 11, 105.
Huxley, R.; Mendis, S.; Zheleznyakov, E.; Reddy, S.; Chan, J. Body mass index, waist
circumference and waist: Hip ratio as predictors of cardiovascular risk—A review of the
literature. Eur. J. Clin. Nutr. 2010, 64, 16–22.
Lebanese Republic Ministry of Social Affairs; Central Administration for Statistics and the
United Nations Development Programme (UNDP). Living Conditions of Households—The
National Survey of Household Living Conditions; MOSA: Beirut, Lebanon, 2004.

Nutrients 2014, 6

1059

19. Sibai, A.M.; Hwalla, N.; Adra, N.; Rahal, B. Prevalence and covariates of obesity in Lebanon:
Findings from the first epidemiological study. Obes. Res. 2003, 11, 1353–1361.
20. Nasreddine, L.; Naja, F.; Chamieh, M.C.; Adra, N.; Sibai, A.M.; Hwalla, N. Trends in overweight
and obesity in Lebanon: Evidence from two national cross-sectional surveys (1997 and 2009).
BMC Public Health 2012, 12, 798.
21. Lee, R.; Nieman, D. Nutritional Assessment, 4th ed.; McGraw-Hill Companies: Boston, NY,
USA, 2007.
22. De Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a
WHO growth reference for school-aged children and adolescents. Bull. World Health Organ.
2007, 85, 660–667.
23. Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child
overweight and obesity worldwide: International survey. BMJ 2000, 320, 1240–1243.
24. Kuczmarski, R.J.; Ogden, C.L.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, K.M.; Mei, Z.; Wei, R.;
Curtin, L.R.; Roche, A.F.; Johnson, C.L. 2000 CDC growth charts for the United States: Methods
and development. Vital Health Stat. 2002, 246, 1–190.
25. Zimmet, P.; Alberti, K.G.; Kaufman, F. The metabolic syndrome in children and adolescents—An
IDF consensus report. Pediatr. Diabetes 2007, 8, 299–306.
26. Fernandez, J.R.; Redden, D.T.; Pietrobelli, A.; Allison, D.B. Waist circumference
percentiles in nationally representative samples of African-American, European-American, and
Mexican-American children and adolescents. J. Pediatr. 2004, 145, 439–444.
27. Moshfegh, A.J.; Borrud, L.; Perloff, B.; LaComb, R. Improved method for the 24-h dietary recall
for use in national surveys. FASEB J. 1999, 13, A603.
28. Gharib, M.; Rasheed, P. Obesity among Bahrani children and adolescents: Prevalence and
associated factors. JBMS 2008, 20, 114–123.
29. Nasreddine, L.; Sibai, A.M.; Mrayati, M.; Adra, N.; Hwalla, N. Adolescent obesity in Syria:
Prevalence and associated factors. Child Care Health Dev. 2010, 36, 404–413.
30. Bener, A. Prevalence of obesity, overweight, and underweight in Qatari adolescents. Food Nutr.
Bull. 2006, 27, 39–45.
31. Malik, M.; Bakir, A. Prevalence of overweight and obesity among children in the United Arab
Emirates. Obes. Rev. 2006, 8, 15–20.
32. Ogden, C.L.; Carroll, M.D.; Curtin, L.R.; Lamb, M.M.; Flegal, K.M. Prevalence of high body
mass index in US children and adolescents, 2007–2008. JAMA 2010, 303, 242–249.
33. Taheri, F.; Kazemi, T. Prevalence of overweight and obesity in 7 to 18 year-old children in
Birjand/Iran. Iran. J. Pediatr. 2009, 19, 135–140.
34. El Mouzan, M.I.; Foster, P.J.; Herbish, A.S.; Al Salloum, A.A.; Al Omer, A.A.; Qurachi, M.M.;
Kecojevic, T. Prevalence of overweight and obesity in Saudi children and adolescents.
Ann. Saudi Med. 2010, 30, 203–208.
35. Kromeyer-Hauschild, K.; Neuhauser, H.; Schaffrath Rosario, A.; Schienkiewitz, A.
Abdominal obesity in German adolescents defined by waist-to-height ratio and its association to
elevated blood pressure: The KiGGS Study. Obes. Facts 2013, 6, 165–175.
36. Papalia, T.; Greco, R.; Lofaro, D.; Mollica, A.; Roberti, R.; Bonofiglio, R. Anthropometric
measures can better predict high blood pressure in adolescents. J. Nephrol. 2013, 26, 899–905.

Nutrients 2014, 6

1060

37. Gröber-Grätz, D.; Widhalm, K.; de Zwaan, M.; Reinehr, T.; Bluher, S.; Schwab, K.O.; Wiegand, S.;
Holl, R.W. Body mass index or waist circumference: Which is the better predictor for
hypertension and dyslipidemia in overweight/obese children and adolescents? Association of
cardiovascular risk related to body mass index or waist circumference. Horm. Res. Paediatr.
2013, 80, 170–178.
38. Al-Almaie, S.M. Prevalence of obesity and overweight among Saudi adolescents in Eastern Saudi
Arabia. Saudi Med. J. 2006, 26, 607–611.
39. Hassapidou, M.; Fotiadou, E.; Maglara, E.; Papadopoulou, S.K. Energy intake, diet composition,
energy expenditure, and body fatness of adolescents in Northern Greece. Obesity 2006, 14,
855–862.
40. Hwalla, N.; Sibai, A.M.; Adra, N. Adolescent Obesity and Physical Activity. World Rev. Nutr.
Diet. 2005, 94, 42–50.
41. Oliveira, A.M.; Oliveira, A.C.; Almeida, M.S.; Oliveira, N.; Adan, L. Influence of the family
nucleus on obesity in children from northeastern Brazil: A cross-sectional study. BMC Public
Health 2007, 7, 235.
42. Deshmukh-Taskar, P.R.; Radcliffe, J.D.; Liu, Y.; Nicklas, T.A. Do breakfast skipping and
breakfast type affect energy intake, nutrient intake, nutrient adequacy, and diet quality in young
adults? NHANES 1999–2002. J. Am. Coll. Nutr. 2010, 29, 407–418.
43. Szajewska, H.; Ruszczynski, M. Systematic review demonstrating that breakfast consumption
influences body weight outcomes in children and adolescents in Europe. Crit. Rev. Food Sci.
Nutr. 2010, 50, 113–119.
44. Maddah, M.; Nikooyeh, B. Factors associated with overweight in children in Rasht, Iran: Gender,
maternal education, skipping breakfast and parental obesity. Public Health Nutr. 2009, 13, 196–200.
45. Lioret, S.; Volatier, J.L.; Lafay, L.; Touvier, M.; Maire, B. Is food portion size a risk factor of
childhood overweight? Eur. J. Clin. Nutr. 2009, 63, 382–391.
46. Utter, J.; Scragg, R.; Mhurchu, C.N.; Schaaf, D. At-home breakfast consumption among
New Zealand children: Associations with body mass index and related nutrition behaviors. J. Am.
Diet. Assoc. 2007, 107, 570–576.
47. Drummond, S.; Crombie, N.; Kirk, T. A critique of the effects of snacking on body weight status.
Eur. J. Clin. Nutr. 1996, 50, 779–783.
48. Niemeier, H.M.; Raynor, H.A.; Lloyd-Richardson, E.E.; Rogers, M.L.; Wing, R.R. Fast food
consumption and breakfast skipping: Predictors of weight gain from adolescence to adulthood in a
nationally representative sample. J. Adolesc. Health 2006, 39, 842–849.
49. Thompson, O.M.; Ballew, C.; Resnicow, K.; Must, A.; Bandini, L.G.; Cyr, H.; Dietz, W.H.
Food purchased away from home as a predictor of change in BMI z-score among girls. Int. J.
Obes. Relat. Metab. Disord. 2004, 28, 282–289.
50. O’Donnell, S.I.; Hoerr, S.L.; Mendoza, J.A.; Tsuei Goh, E. Nutrient quality of fast food kids
meals. Am. J. Clin. Nutr. 2008, 88, 1388–1395.
51. Poti, J.M.; Slining, M.M.; Popkin, B.M. Where are kids getting their empty calories?
Stores, schools, and fast-food restaurants each played an important role in empty calorie intake
among US children during 2009–2010. J. Acad. Nutr. Diet. 2013, doi:10.1016/j.jand.2013.08.012.

Nutrients 2014, 6

1061

52. Poti, J.M.; Duffey, K.J.; Popkin, B.M. The association of fast food consumption with poor dietary
outcomes and obesity among children: Is it the fast food or the remainder of diet? Am. J. Clin. Nutr.
2013, doi:10.3945/ajcn.113.071928.
53. Powell, L.M.; Nguyen, B.T. Fast-food and full-service restaurant consumption among children
and adolescents: Effect on energy, beverage, and nutrient intake. JAMA Pediatr. 2013, 167,
14–20.
54. Paeratakul, S.; Ferdinand, D.P.; Champagne, C.M.; Ryan, D.H.; Bray, G.A. Fast-food
consumption among US adults and children: Dietary and nutrient intake profile. J. Am. Diet.
Assoc. 2003, 103, 1332–1338.
55. Anderson, G.H.; Moore, S.E. Dietary proteins in the regulation of food intake and body weight in
humans. J. Nutr. 2004, 134, 974S–979S.
56. Barba, G.; Troiano, E.; Russo, P.; Venezia, A.; Siani, A. Inverse association between body mass
and frequency of milk consumption in children. Br. J. Nutr. 2005, 93, 15–19.
57. Carruth, B.R.; Skinner, J.D. The role of dietary calcium and other nutrients in moderating body fat
in preschool children. Int. J. Obes. Relat. Metab. Disord. 2001, 25, 559–566.
58. Skinner, J.D.; Bounds, W.; Carruth, B.R.; Ziegler, P. Longitudinal calcium intake is negatively
related to children’s body fat indexes. J. Am. Diet. Assoc. 2003, 103, 1626–1631.
59. Heaney, R.P.; Davies, K.M.; Barger-Lux, M.J. Calcium and weight: Clinical studies. J. Am. Coll.
Nutr. 2002, 21, 152S–155S.
60. Zemel, M.B. Nutritional and endocrine modulation of intracellular calcium: Implications in
obesity, insulin resistance and hypertension. Mol. Cell. Biochem. 1998, 188, 129–136.
61. Haro-Mora, J.J.; García-Escobar, E.; Porras, N.; Alcázar, D.; Gaztambide, J.; Ruíz-Órpez, A.;
García-Serrano, S.; Rubio-Martín, E.; García-Fuentes, E.; López-Siguero, J.P.; et al.
Children whose diet contained olive oil had a lower likelihood of increasing their body mass
index z-score over 1 year. Eur. J. Endocrinol. 2011, 165, 435–439.
62. Rodriguez, V.M.; Portillo, M.P.; Pico, C.; Macarulla, M.T.; Palou, A. Olive oil feeding up-regulates
uncoupling protein genes in rat brown adipose tissue and skeletal muscle. Am. J. Clin. Nutr. 2002,
75, 213–220.
63. Soriguer, F.; Moreno, F.; Rojo-Martinez, G.; Cardona, F.; Tinahones, F.; Gomez-Zumaquero, J.M.;
Garcia Fuentes, E.; Morcillo, S. Redistribution of abdominal fat after a period of food restriction
in rats is related to the type of dietary fat. Br. J. Nutr. 2003, 89, 115–122.
64. Soriguer, F.; Moreno, F.; Rojo-Martinez, G.; Garcia-Fuentes, E.; Tinahones, F.;
Gomez-Zumaquero, J.M.; Cuesta Munoz, A.L.; Cardona, F.; Morcillo, S. Monounsaturated
n-9 fatty acids and adipocyte lipolysis in rats. Br. J. Nutr. 2003, 90, 1015–1022.
65. Malik, V.S.; Pan, A.; Willett, W.C.; Hu, F.B. Sugar-sweetened beverages and weight gain in
children and adults: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2013, 98,
1084–1102.
66. Te Morenga, L.; Mallard, S.; Mann, J. Dietary sugars and body weight: Systematic review and
meta-analyses of randomised controlled trials and cohort studies. BMJ 2012, 346, e7492.
67. Malik, V.S.; Schulze, M.B.; Hu, F.B. Intake of sugar-sweetened beverages and weight gain:
A systematic review. Am. J. Clin. Nutr. 2006, 84, 274–288.

Nutrients 2014, 6

1062

68. De Bourdeaudhuij, I.; Verloigne, M.; Maes, L.; Van Lippevelde, W.; Chinapaw, M.J.;
Te Velde, S.J.; Manios, Y.; Androutsos, O.; Kovacs, E.; Dössegger, A.; et al. Associations of
physical activity and sedentary time with weight and weight status among 10- to 12-year-old boys
and girls in Europe: A cluster analysis within the ENERGY project. Pediatr. Obes. 2013, 8, 367–375.
69. Sisson, S.B.; Church, T.S.; Martin, C.K.; Tudor-Locke, C.; Smith, S.R.; Bouchard, C.;
Earnest, C.P.; Rankinen, T.; Newton, R.L.; Katzmarzyk, P.T. Profiles of sedentary behavior in
children and adolescents: The US national health and nutrition examination survey, 2001–2006.
Int. J. Pediatr. Obes. 2009, 4, 353–359.
70. Mushtaq, M.U.; Gull, S.; Shahid, U.; Shafique, M.M.; Abdullah, H.M.; Shad, M.A.; Siddiqui, A.M.
Family-based factors associated with overweight and obesity among Pakistani primary school
children. BMC Pediatr. 2011, 11, 114.
71. Apfelbacher, C.J.; Loerbroks, A.; Cairns, J.; Behrendt, H.; Ring, J.; Krämer, U. Predictors of
overweight and obesity in five to seven-year-old children in Germany: Results from cross-sectional
studies. BMC Public Health 2008, 8, 171.
72. Hawkins, S.S.; Cole, T.J.; Law, C.; The Millennium Cohort Study Child Health Group. An
ecological systems approach to examining risk factors for early childhood overweight: Findings
from the UK Millennium Cohort Study. J. Epidemiol. Community Health 2009, 63, 147–155.
73. Lazzeri, G.; Pammolli, A.; Pilato, V.; Giacchi, M.V. Relationship between 8/9-year-old school
children BMI, parents’ BMI and educational level: A cross sectional survey. Nutr. J. 2011, 10, 76.
74. Watanabe, E.; Lee, J.S.; Kawakubo, K. Associations of maternal employment and three-generation
families with pre-school children’s overweight and obesity in Japan. Int. J. Obes. 2011, 35,
945–952.
75. Crawford, P.B.; Obarzanek, E.; Morrison, J.; Sabry, Z.I. Comparative advantage of 3-day
food records over 24-h recall and 5-day food frequency validated by observation of 9- and
10-year-old girls. J. Am. Diet. Assoc. 1994, 94, 626–630.
76. Livingstone, M.B.; Robson, P.J. Measurement of dietary intake in children. Proc. Nutr. Soc. 2000,
59, 279–293.
77. Burrows, T.L.; Martin, R.J.; Collins, C.E. A systematic review of the validity of dietary
assessment methods in children when compared with the method of doubly labeled water. J. Am.
Diet. Assoc. 2010, 110, 1501–1510.
78. United Nations; Division for Public Administration and Development Management (DPADM);
Department of Economic and Social Affairs (DESA). Republic of Lebanon, Public Administration,
Country Profile; United Nations: New York, NY, USA, 2004.
79. Poskitt, E.M. Countries in transition: Underweight to obesity non-stop? Ann. Trop. Paediatr.
2009, 29, 1–11.
80. Hoelscher, D.M.; Kirk, S.; Ritchie, L.; Cunningham-Sabo, L.; Academy Positions Committee.
Position of the Academy of Nutrition and Dietetics: Interventions for the prevention and treatment
of pediatric overweight and obesity. J. Acad. Nutr. Diet. 2013, 113, 1375–1394.
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

