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Abstract
Background: The prevalence of obesity and related diseases such as metabolic syndrome (MetS) are increasing 

in young populations over the world, especially in developing countries. This study aimed to estimate the prevalence of 
MetS and its individual components, and to assess their association with both overweight/obesity and excess body fat.

Methods: This study included 192 adolescents (77 boys and 115 girls) aged 11 to 17 years. Blood pressure 
and anthropometric measurements were done using standardized techniques. Fasting blood samples were taken for 
determination of glucose and lipids levels. Percent body fat was estimated using deuterium oxide. The international 
diabetes federation criteria were applied for the diagnosis of MetS.

Results: The prevalence of MetS among overweight/obese adolescents was 18.6% while it was not observed 
in their normal weight counterparts. The most common abnormality found in the study population was reduced HDL-
cholesterol (26.6%) followed by elevated fasting blood glucose (22.4%) and high waist circumference (19.3%). Among 
overweight/obese groups, the rates of individuals with raised TG and reduced HDL-cholesterol were significantly 
higher in boys than girls (35.0% vs. 15.2%, p=0.044; and 32.5% vs. 13.0%, p=0.038, respectively). Compared to 
normal-weight adolescents, overweight/obese subjects had higher odds of having at least two MetS components 
(OR=5.37, 95%CI: 2.72-10.59), or at least three MetS components (OR=11.80, 95%CI: 3.40-41.03). Excess body fat 
showed similar degrees of association with clustering MetS components.

Conclusions: The prevalence of MetS and its individual components was quite high among the study population, 
particularly among overweight/obese adolescents. MetS components were strongly associated with both overweight/
obesity and excess body fat. MetS and its components might be best predicted by obesity indexes, determined 
according to age and body mass index in adolescents, than accurate percent body fat.
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Introduction
The worldwide prevalence of overweight and obesity is increasing 

rapidly among all age groups [1,2]. According to the International 
Obesity Task Force (IOTF), at least 10% of school children aged 5-17 
years are overweight or obese, representing a total of 155 million 
children [3]. It is commonly recognized that obesity is associated with 
multiple chronic diseases such as diabetes mellitus, hypertension, 
cardiovascular diseases and dyslipidemia [4,5]. The constellation of 
these metabolic abnormalities and abdominal obesity contribute to the 
onset of metabolic syndrome (MetS) [6-8], which has become one of 
the most severe health problems of the 21st century [9].

The prevalence of MetS is growing in young populations, especially 
in developing countries, and the pediatric MetS predicts adult MetS and 
type 2 diabetes mellitus [10]. Depending on the criteria used, recent 
estimates suggest that the population-attributable fraction of MetS 
is approximately 30%-52% for diabetes, 12%-17% for cardiovascular 
diseases and 6%-7% for all-cause of mortality [11]. Accordingly, the early 

identification of individuals at risk of developing obesity and MetS is 
essential for the prevention of morbidity and premature mortality [12].

A set of anthropometric indicators have been shown to be associated 
with obesity-related diseases, including cardiovascular diseases, 
diabetes and MetS [13,14]. For instance, the current WHO’s Body Mass 
Index (BMI) ranges were developped empirically to estimate varying 
levels of morbidity and mortality risks [15]. However, the sensitivity 
and specificity of BMI ranges in children and adults are often judged 
using Percent Body Fat (PBF) as the reference [16,17]. Also, the PBF, 
a global and accurate measure of adiposity, may not be an optimal 
indicator of the health risks among various clinical measures [18]. Thus 
it is important to further test both BMI and PBF, and determine which 
one of them is a better marker for obesity-related risks in different 
ethnic groups.
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To contribute to MetS research that is of fundamental importance 
for ultimate control and prevention of obesity-related health risks 
among adolescents, we conducted the current study in Rabat region, 
Morocco. Our main objectives were to estimate the prevalence of 
MetS and its individual components; and to assess the association of 
overweight-obesity and excess body fat with each of MetS components.

Methods
Study design and participants

The current study was carried out in the urban area of Rabat region 
(Morocco). After identifying the participating schools, we sought 
and obtained the permission to conduct the study from the Ministry 
of National Education. Students from 10 schools encompassing 680 
students were invited to join the study. From each school, 12 classes 
were randomly chosen representing three grades. The recruitment 
was started on 28th November, 2008 and finished on 20th March, 2010. 
In 2010, three schools did not agree to participate in the study. In 
this year, there has been a national vaccination campaign against the 
pandemic influenza (A/H1N1), which has not been accepted by a large 
part of the population, and both students and parents thought that 
the study could have a relationship with this vaccination campaign. A 
socio-demographic questionnaire was filled out by the parents/legal 
guardians of the students. On the day of measurements, we accepted 
only 294 students who signed consents by their parents. After that, we 
have taken only participants having no missing values in lipid profile 
measurements, glycemia, blood pressure, WC and age for defining 
MetS. The final sample consisted of 192 adolescents (77 boys and 115 
girls) aged 11-17 years, recruited from seven middle schools randomly 
selected. Given the low proportion of overweight and obese individuals 
among the targeted population, normal weight and overweight/obese 
adolescents were separately used as two samples. This separation was 
based on the BMI values of randomly recruited adolescents according 
to their age. Informed consent and assent were obtained from all 
parents and students respectively. A brief relevant clinical examination 
was done. Participants with physical disability and severe diseases were 
excluded. The study protocol was approved by the ethic committee 
from Ibn Tofaïl University and Ministry of National Education.

General examination

Anthropometric measurements: Anthropometric measurements 
were performed by a trained researcher according to Lohman’s 
recommendations [19]. Body weight was taken using a mechanical flat 
scale (150 ± 0.1 kg) with round dial (Seca 750, Germany). Height was 
measured with a stadiometer (Seca, Germany) to the nearest millimeter 
(200 ± 0.1 cm). BMI in kg/m² was calculated as body weight in kg 
divided by squared height in m². Waist circumference was measured 
to the nearest 0.1 cm over skin at the midpoint between the lowest rib 
and the iliac crest and at the end of normal expiration, using a flexible 
measuring tape. The nutritional status of each subject was categorized 
using BMI-for-age z-scores based on WHO 2007 growth reference 
(obese: > +2SD; overweight: > +1SD; and normal weight:–2SD to 
+1SD) [20].

Blood pressure: Systolic and diastolic blood pressures (SBP 
and DBP) were measured by pediatrician using a standard pediatric 
sphygmomanometer at nearest 2 mmHg. The measurement was taken 
on the right arm, in seated position, after 5-minutes of rest, and in 
optimal room conditions.

Laboratory analyses

After an overnight fast, a venous blood sample was collected 

using the standard venipuncture by a trained nurse. All blood samples 
were centrifuged at the study sites, plasma was put in separate labeled 
tubes and transferred immediately in cold boxes filled with ice to the 
laboratory of the joint research Unit On Nutrition And Food Sciences 
(URAC 39), Ibn Tofail University and CNESTN, Rabat- Morocco. The 
samples were stored at -80°C until the day of analysis. All biochemical 
analyses were carried out by the same team and the same method 
throughout the study period. Fasting Blood Glucose (FBG) was 
measured using the hexokinase method [21]. Total Cholesterol (TC) 
was measured by the enzymatic colorimetric Trinder method [22], 
High Density Lipoprotein-Cholesterol (HDL-C) was estimated by 
the PEG 6000 precipitation method [23], and Triglycerides (TG) were 
estimated by the GPO-PAP-enzymatic colorimetric method [24]. The 
absorbance was determined by a spectrophotometer (6505 UV/Vis, 
Jenway). Low Density Lipoprotein Cholesterol (LDL-C) levels were 
calculated with the Friedwald equation [25] only for subjects having 
TG levels <3.75 mmol/l.

PBF was estimated using isotopic technique [26], with the 
administration of an oral deuterium oxide dose of 99.8% 2H2O (0.5 
g of 2H2O per kilogram of body weight) to each participant. After 
an overnight fast, saliva samples (pre-dose, and post-dose after 4 
hours) were taken by trained staff. The deuterium enrichment was 
determined by Fourier Transform Infrared Spectroscopy (FTIR). The 
body fat was considered excessive when PBF ≥ 25% in boys and ≥ 30% 
in girls [27].

Definition of metabolic syndrome

MetS was defined according to the International Diabetes 
Federation (IDF) criteria [28]. For subjects aged 11-16 years (10 ≤ 16 
yrs), a diagnosis of MetS was made as the presence of abdominal obesity 
(≥ 90th percentile) and the presence of two or more of the following 
components: raised TG (≥ 1.7 mmol/l), reduced HDL-C (<1.03 mmol/l), 
raised SBP (≥ 130 mmHg) or raised DBP (≥ 85 mmHg), and fasting 
plasma glucose (≥ 5.6 mmol/l). The IDF criteria for adults were used to 
define MetS in those aged 16 years or more (≥ 16 yrs). In this group, the 
diagnosis of the MetS was made as the presence of abdominal obesity 
(WC ≥ 94 cm for boys, and WC ≥ 80 cm for girls) and the presence of 
at least two of the following components: raised TG (≥ 1.7 mmol/l), 
reduced HDL-C (< 1.03 mmol/l in boys, and <1.29 mmol/l in girls), 
raised SBP (≥130 mmHg) or raised DBP (≥ 85 mmHg), fasting plasma 
glucose (≥ 5.6 mmol/l).

Statistical analysis

All statistical analyses were carried out using Statistical Package 
for the Social Sciences (SPSS, version 17.0). The normality of variables’ 
distribution was tested by Kolmogorov-Smirnov test. The variables 
normally distributed were presented as mean ± standard deviation, 
and those non-normally distributed as median (interquartile range). 
The homogeneity of variances was tested using Levene’s test, and the 
correction of Welch was used in the case of non-homogeneous variances. 
ANOVA was used to compare variances between independent samples. 
Mann-Whitney test was performed to compare independent samples 
for variables non-normally distributed. Chi-square test or Fisher’s test 
were used to test independence between nominal variables. Logistic 
regression was conducted to test the association of overweight-obesity 
and excess body fat with MetS and its individual components. P-values 
less than 0.05 were considered statistically significant.

Results
This study included a total of 192 subjects (77 boys and 115 girls) 
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whole study population, the proportions of adolescents with at least 
one, two and three components of MetS were 64.0%, 32.02% and 13%, 
respectively. Compared to normal-weight adolescents and to those 
without excess body fat, both overweight/obese subjects and those 
with excess body fat had higher odds ratios of having at least one MetS 
component (OR=2.32 (95%CI: 1.25-4.30); and OR=1.5 (95%CI: 0.74-
3.03); respectively), at least two MetS components (OR=5.37 (95%CI: 
2.72-10.59); and OR=6.35(95%CI: 2.26-17.82) respectively), or at least 
three MetS components (OR=11.80(95%CI: 3.40, 41.03); and OR=15.44 
(95%CI: 1.98, 120.40); respectively).

A logistic regression analysis was performed to evaluate the 
independent association of overweight-obesity and excess body 
fat with each component of MetS (Table 4). Among the study 
population, except for reduced HDL-C, the chance of developing 
high WC, elevated TG levels, elevated FBG, raised SBP and DBP was 
higher among overweight/obese adolescents than normal weight 
individuals, and higher among adolescents with excess body fat than 
those without excess body fat. Similar results were found in both 
genders separately except for HDL-C among girls, and FBG among 
overweight or obese boys. Although most of MetS components 
showed approximately the same association with both overweight-
obesity and excess body fat. The degree of this association appeared 

aged 11 to 17 years with a mean of 14.21 ± 1.07 years. Table 1 shows 
the anthropometric, lipid profile and clinical characteristics of the 
study population. Among normal-weight group, means of WC and 
SBP were significantly higher in boys than girls (p=0.006 and p=0.023, 
respectively), while PBF was significantly higher in girls than boys 
(p=0.006). In overweight/obese group, girls showed higher means of 
BMI and PBF than boys (p=0.026 and p=0.036, respectively).

The prevalence of MetS among overweight/obese adolescents was 
18.6% while it was not observed in their normal weight counterparts 
(Table 2). The proportion of subjects with MetS was higher in boys 
than girls (20.0% vs. 17.4%) with no significant gender difference. 
Regarding the prevalence of individual components of MetS, the most 
common abnormality found in the study population was reduced 
HDL-C (26.6%) followed by elevated Fasting Blood Glucose (FBG) 
(22.4%) and high WC (19.3%). In normal weight group, the proportion 
of individuals with elevated FBG was significantly higher among boys 
than girls (27.0% vs. 17.4%, p=0.011). While, among overweight/obese 
adolescents, the rates of individuals with raised TG and reduced HDL-C 
were significantly higher in boys than girls (35.0% vs. 15.2%, p=0.044 
and 32.5% vs. 13.0%, p=0.038, respectively).

Table 3 shows the prevalence of clustering components of MetS and 
their association with nutritional status and body fat levels. Among the 

Total Normal weight Overweight/obese

(n=192) Boys (n=37) Girls (n=69) P-values Boys (n=40) Girls (n=46) P-values

Age (years) 14.21 ± 1.07 14.39 ± 0.93 14.00 ± 1.05 0.062 13.97 ± 0.94 14.60 ± 1.21 0.008
Weight (kg) 57.45 ± 14.25 51.33 ± 9.70 47.56 ± 7.35 0.026 65.86 ± 13.42 69.90 ± 12.12 0.145
Height (m) 1.60 ± 0.09 1.63 ± 0.10 1.58 ± 0.08 0.015 1.60 ± 0.10 1.60 ± 0.06 0.879
BMI (kg/m²) 22.33 ± 4.62 19.27 ± 2.18 19.01 ± 2.07 0.556 25.37 ± 3.24 27.13 ± 3.87 0.026

WC (cm) 78.66 ± 12.40 74.05 ± 8.07 69.48 ± 8.00 0.006 88.08 ± 10.11 87.93 ± 10.09 0.944
TC (mmol/L) 3.59(2.84-4.64) 3.66(2.91-4.74) 3.49(2.72-4.11) 0.261 3.97(2.88-5.42) 3.69(2.98-4.59) 0.334
TG (mmol/L) 0.95(0.64-1.41) 0.99(0.63-1.27) 0.77(0.53-1.23) 0.372 1.28(0.81-2.08) 0.99(0.64-1.38) 0.043

HDL-C (mmol/L) 1.38 ± 0.54 1.37 ± 0.47 1.37 ± 0.60 0.978 1.22 ± 0.51 1.53 ± 0.51 0.006
LDL-C (mmol/L) 1.62(1.13-2.68) 1.53(1.20-2.72) 1.59(1.10-2.33) 0.409 2.23(1.24-3.11) 1.61(0.85-2.59) 0.123

FM (kg) 19.07 ± 10.00 10.68 ± 6.02 13.38 ± 4.95 0.080 23.39 ± 9.68 27.93 ± 8.77 0.061
PBF (%) 31.60 ± 10.18 19.44 ± 9.98 27.83 ± 6.68 0.006 35.20 ± 9.35 39.73 ± 7.12 0.036

SBP (mmHg) 114.5(104.3-121.0) 111.0(105.0-120.5) 108.0(100.0-117.5) 0.023 120.0(112.8-130.0) 120.0(111.8-130.0) 0.268
DBP (mmHg) 70.0(60.0-80.0) 70.0(56.00-78.5) 68.0(60.0-70.5) 0.682 80.0(70.0-80.0) 70.0(65.75-80.0) 0.069
FBG (mmol/L) 2.37(2.18-2.54) 2.41(2.20-2.78) 2.33(2.20-2.44) 0.076 2.41(2.24-2.64) 2.34(2.15-2.52) 0.312

Data are presented as mean  ±  standard deviation, or median (interquartiles at 25 and 75).
P-values indicate the differences between genders: P < 0.05, significant difference; P < 0.01, highly significant difference.
Differences were determined using ANOVA for means, or U Mann-Whitney test for medians.

Table 1: Characteristics of the study population.

Overall Normal weight Overweight/obese

(n=192) Boys 
(n=37)

Girls 
(n=69)

Total 
(n=106) P-values Boys 

(n=40)
Girls 

(n=46)
Total 

(n=86) P-values

High WC (%) 19.3 2.7 0.0 0.9 0.349 47.5 37.0 41.9 0.383
Raised TG (%) 16.7 10.8 10.1 10.4 0.999 35.0 15.2 24.4 0.044
Reduced HDL-C (%) 26.6 24.3 33.3 30.2 0.381 32.5 13.0 21.1 0.038
Raised SBP (%) 17.7 16.2 5.8 9.4 0.093 30.0 26.1 27.9 0.810
Raised DBP (%) 8.9 0.0 2.9 1.9 0.541 17.5 17.4 17.4 0.999
Elevated FBG (%) 22.4 27.0 17.4 20.8 0.011 30.0 19.6 24.4 0.318
MetS (%) 8.3 0.0 0.0 0.0 - 20.0 17.4 18.6 0.787

Data are presented as proportions
P-values indicate the difference between genders
P < 0.05, significant difference 
P < 0.01, highly significant difference
Differences were determined using Chi-square test or Fisher’s test

Table 2: Prevalence of MetS and its individual components among the study population.
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≥ 1 component ≥ 2 components ≥ 3 components 

OR (95%CI) OR (95%CI) OR (95%CI)

Overall

Nutritional status 

Normal weight 1 1 1
Overweight/obese 2.32 (1.25, 4.30) 5.37 (2.72, 10.59) 11.80 (3.40, 41.03)

Percent body fat

Without excess 1 1 1
With excess 1.50 (0.74, 3.03) 6.35 (2.26, 17.82) 15.44(1.98, 120.40)

Boys

Nutritional status

Normal weight 1 1 1
Overweight/obese 3.81 (1.09, 13.30) 6.43 (2.28, 18.15) -

Percent body fat 

Without excess 1 1 1
With excess 4.89 (1.00, 23.93) 9.75 (1.80, 52.85) -

Girls

Nutritional status

Normal weight 1 1 1
Overweight/obese 1.70 (0.80. 3.62) 4.29 (1.71, 10.73) 6.11 (1.58, 23.63)

Percent body fat 

Without excess 1 1 1
With excess 0.97 (0.42, 2.22) 4.70 (1.24, 17.91) 6.83 (0.80, 58.05)

OR (95%CI): Odds Ratio (95% Confidence Interval) calculated from logistic regression
Table 3: Logistic regression analysis for association of overweight and excess body fat with having at least one component of MetS, having at least two components of 
MetS, and having at least three components of MetS.

High WC Raised TG Reduced HDL-C Raised SBP Raised DBP Elevated FBG

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Overall

Nutritional status

Normal weight 1 1 1 1 1 1
Overweight/obese 75.59 (10.08, 567.25) 2.79 (1.26, 6.18) 0.66 (0.34, 1.27) 3.72 (1.66, 8.30) 10.99 (2.44, 49.53) 1.23 (0.63, 2.44)

Percent body fat

Without excess 1 1 1 1 1 1
With excess 10.18 (2.27, 45.76) 5.31 (1.14, 24.80) 0.55 (0.25, 1.20) 3.85 (1.34, 11.03) 9.76 (1.22, 78.04) 2.16 (0.78, 5.97)

Girls

Nutritional status

Normal weight 1 1 1 1 1 1
Overweight/obese - 1.59 (0.52, 4.88) 0.30 (0.11, 0.81) 5.74 (1.72, 19.14) 7.05 (1.42, 34.93) 1.62 (0.59, 4.46)

Percent body fat

Without excess 1 1 1 1 1 1
With excess 13.33 (1.65, 107.70) 4.65 (0.52, 41.55) 0.25 (0.09, 0.72) 5.80 (1.20, 27.93) 3.64 (0.39, 33.91) 1.58 (0.43, 5.83)

Boys

Nutritional status

Normal weight 1 1 1 1 1 1
Overweight/obese 32.57 (4.06, 261.15) 4.44 (1.31, 15.11) 1.50 (0.55, 4.08) 2.21 (0.73, 6.69) - 0.79 (0.30, 2.06)

Percent body fat

Without excess 1 1 1 1 1 1
With excess 6.59 (0.73, 59.22) 5.44 (0.60, 49.56) 1.83 (0.45, 7.41) 2.25 (0.50, 10.14) - 3.06 (0.55, 16.90)

OR (95%CI): Odds Ratio (95% Confidence Interval) calculated using logistic regression
Table 4: Logistic regression analysis for association of individual components of MetS with overweight/obesity and excess body fat.
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to be slightly higher with overweight-obesity than with excess body 
fat in the total population.

Discussion
Many studies have produced estimates of MetS prevalence, but 

there is still insufficient data in several transition countries. To our 
knowledge, this is the first study addressing the prevalence of MetS 
and its individual components, and their association with overweight 
and excess body fat among Moroccan adolescents aged 11 to 17 years. 
Approximately 8.3% of all adolescents and 18.6% of overweight/obese 
subjects met the IDF criteria for diagnosis of MetS, while none of the 
normal weight subjects presented MetS. This finding is in agreement 
with those reported in recent studies indicating higher prevalence 
of MetS among overweight/obese adolescents compared to their 
normal-weight counterparts. For instance in some of these studies, the 
prevalence of MetS among children and adolescents ranged between 
11.8% and 44.0% in overweight and/or obese groups [6,29-33], while 
it ranged between 0% and 4.1% in the non-overweight groups [34-37]. 
However, direct comparison is difficult since some of these studies used 
different definition or cutoff points, some of them worked with large 
population while others include only overweight and/or obese children 
and adolescents.

Regarding the gender effect, the prevalence of MetS was slightly 
higher among boys than girls (20.0% vs. 17.4%) with no significant 
difference. This result is consistent with many studies conducted 
elsewhere, such as in USA [2], Latin America [38], Iran [39] and United 
Arab Emirates [40], which reported higher prevalence of MetS in males 
than females (10.8% vs. 6.1%; 40.0% vs. 32.2%; 39.7% vs. 26.3%; 21% 
vs. 4%, respectively). This may be due to hormonal differences, such 
as testosterone and sex hormone binding globulin between genders 
[41]. Moreover, this can be also explained in our study by the effect of 
parents’ educational level and the household children number.

In the study population, the prevalence of high WC, raised TG, 
reduced HDL-C, raised SBP, raised DBP and elevated FBG was 19.3%, 
16.7%, 26.6%, 17.7%, 8.9% and 22.4%, respectively. Nearly the same rates 
for reduced HDL-C (26.1%) and raised TG (17.2%) were observed in a 
sample of 512 Jordanian children and adolescents aged 7-18 years using 
the IDF criteria [34], whereas in the same study, the rates of elevated 
FBG (7.2%) and high blood pressure (6.2%) were very low. In another 
study carried out in USA, raised TG and reduced HDL-C were found 
to be the most prevalent components of MetS among adolescents aged 
12-19 years (25.6% and 19.3%, respectively), followed by elevated FBG 
(14.0%) with prevalence higher among boys than girls (19.8% vs. 7.9%) 
[2]. Our findings differ in some respects from earlier studies, probably 
due to the difference in proportions of overweight/obese adolescents.

As expected, the proportions of adolescents with individual 
components of MetS were higher among overweight/obese group than 
their normal-weight counterparts, except for reduced HDL-C. High 
WC (41.9%) was the most common component of MetS, followed by 
raised SBP (27.9%), raised TG and elevated FBG (24.4%). Thus, our 
data support the notion that overweight and obesity in particular is 
a great risk for developing the MetS, a finding that is consistent with 
those reported previously in various ethnic populations [35,42]. Our 
finding also supports that preventive lifestyle interventions should be 
targeted at lowering both BMI and PBF in Moroccan adolescents.

In addition, among overweight/obese groups, except DBP level 
which was comparable in both genders, the prevalence of all components 
of MetS tended to be higher in boys than girls, with significant 
difference for raised TG and reduced HDL-C. The gender effect on lipid 

profile has been noted in many studies. For example, the NHANES in 
USA shown that the prevalence of low HDL-C and raised TG that were 
higher among males (24.6%, 27.7% respectively) than females (13.7% 
and 23.3% respectively) [2]. Also in another study, Daratha and Bindler 
found higher rates of reduced HDL-C and raised TG among boys than 
girls (25.1% vs. 20.6% and 26.6% vs. 17.5%, respectively) [43]. However, 
we could not make direct comparison between our data and results 
of other studies for the raisons mentioned above such us the parents’ 
educational level, and the physical activity levels of adolescents. It is 
also possible that the gender difference observed in our study could be 
due to the difference in age between boys and girls (14.0 ± 0.9 years vs. 
14.60 ± 1.21 years; p = 0.008) rather than true significance. Haas et al., 
found in a cohort study over 10 years a decreasing trends for the mean 
of four components of the MetS, including levels of TG and HDL-C, 
from childhood to adolescence in both genders [44]. Moreover, the 
findings of three cohorts, with a total of 678 children aged 8-14 years 
suggested that evaluation of blood lipid concentrations in children and 
adolescents should take into account the variation by age and gender 
[45].

The high rates of adolescents with individual components of 
MetS among both normal weight and overweight/obese groups may 
be explained by an unbalanced lifestyle characterized by a regularly 
consumption of sweet, fatty and starchy foods, and sedentary behavior 
that lead to increased risks for metabolic disorders [46-50]. Moreover 
genetics and interaction with environmental factors may increase the 
risk of developing the MetS [51].

Our results showed that overweight/obesity and excess body 
fat were associated with increased odds of clustering components of 
MetS. These findings are consistent with the results of other studies 
investigating a similar relationship between clustering components 
of MetS and overweight. It was observed that the prevalence of two 
MetS components or more was four to six times greater in overweight 
children and adolescents than in their non-overweight counterparts 
[34,46,47]. Nevertheless, it should be noted that in our study excess 
body fat was not associated as strongly as overweight/obesity with 
individual components of MetS. This observation is consistent with 
that of earlier studies indicating that although PBF is a useful measure 
of overall adiposity, health risks may be best represented by simply 
measured BMI [18,52].

Finally, a number of limitations to our analyses need to be 
considered. First, the relatively small sample size particularly for boys 
due to the low response rate. Second, the low number of overweight and 
obese adolescents that limited our ability to consider the two groups 
separately. These two limitations are mainly due to the low frequency of 
students who voluntary took and signed consents by their parents, and 
had no missing values in measurements needed to define MetS among 
adolescents according to IDF criteria, and no physical disability and 
severe diseases. The low frequency of the response value by comparison 
to the reference value in the case of three tests of association using 
logistic regression has influenced the adjustment validity of three 
models, this was expressed by missing values of OR and 95% CI. Third, 
the prevalence of MetS components could be influenced by other factors 
such as physical activity and food habits that were not addressed in our 
study. Despites these limitations, our study provides interesting data 
that may enable further studies related to MetS and its components for a 
better understanding of the mechanisms leading to these abnormalities. 
It could also help the policy-makers and health care practitioners for 
effective prevention of MetS and its health consequences in adolescents. 
However, future large-scale studies involving nationally representative 
samples of adolescents are recommended to make definitive conclusions.

http://en.wikipedia.org/wiki/United_Arab_Emirates
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In conclusion, the current study provides the first estimates of the 
prevalence of the MetS and its individual components using the IDF 
definition among adolescents in Morocco. Our findings revealed high 
prevalence of these abnormalities particularly among overweight/
obese adolescents. Accordingly, it would be useful to set up urgent 
strategic intervention to control the growing health and social burdens 
associated with MetS components, increase the awareness of weight-
related health risks, and promote healthy lifestyle among adolescents. 
Both overweight/obesity and excess body fat were found to be 
strongly associated with components of MetS. However, MetS and its 
components might be best predicted by obesity indexes, determined 
according to age and BMI in adolescents, than accurate PBF.
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