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Abstract  

Introduction: to determine the metabolic profile in a group of obese children in Morocco. Methods: the BMI, the waist circumference, the blood 

pressure and metabolic parameters in 73 children (37 obese and 36 normal) were compared. Results: 80% of obese children had abdominal 

obesity (p Conclusion: obesity is number one risk of cardiovascular disease for children. Early detection can help for an appropriate care.  
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Introduction 
 
obesity in children is a threat to public health due to the gradual 
and steady increase in prevalence in many countries. There is a risk 
of developing a constellation of metabolic disorders, hemodynamic 
and inflammatory diseases in association with cardiovascular 
disease. Plus, a significant number of obese children already suffer 
from metabolic syndrome [1]. For adults, metabolic syndrome is 
justified by at least three of five criteria: obesity, high blood 
pressure, high fasting serum triglycerides, low levels of high density 
lipoprotein cholesterol and glucose intolerance. Abdominal fat mass 
is an important factor in assessing the risk of cardiovascular disease 
and metabolic syndrome. An abdominal circumference greater than 
half the height of the child standing should be a warning among 
other risk factors [2]. Although in most cases, obese children do not 
express any complaints about medical, a number of metabolic 
abnormalities are found more frequently in groups of obese children 
when compared with groups non-obese children [3]. - Increase in 
blood pressure; - Increased total cholesterol, LDL; -cholesterol, LDL 
/ HDL ratio; - Increased triglycerides; - Glucose intolerance, which 
in the most extreme cases can progress to type 2 diabetes. The goal 
in our study is to investigate the frequency of metabolic syndrome 
in a group of obese Moroccan children.  
  
  

Methods 
 
Population: Rabat, Morocco´s capital is located in the north of the 
country on the Atlantic coast, an area of 118 km2. The population is 
about 627,000 people. The city has 81 public primary schools 
(31,305 students) and 63 private primary schools (14,269 students); 
68% of children are enrolled in a public school against 32% in a 
private school. A survey was done between April and June 2010, on 
a sample of 1570 children in 4th grade, from 23 primary schools in 
Rabat selected randomly. The medium age was 9.7 ± 0.95 years. 
The prevalence of overweight including obesity was 8.7% [4]. After 
the approval of the Ethics Committee of the Faculty of Medicine and 
Pharmacy in Rabat, and the parental consent of the children 
drawen, 73 children belonging to these schools (37 obese and 36 
normal) were reviewed for clinical consultation and biological 
sample.  
  
Method : we used in our study, the National Cholesterol Education 
Program Adult Treatement Panel III definition (NCEP ATP III), 
according to whish, at least three of the following five criteria must 
be found in the diagnosis of metabolic syndrome: Abdominal 
obesity: Waist circumference greater than 90th percentile, according 
to the French references to hide Rolland et al [5]; Low HDL 
cholesterol: HDL-cholesterol below the 10th percentile or 1.03 
mmol/ l using the average of the 10th percentile according to the 
National Cholesterol Education Program (NCEP) Report of the expert 
panel on Blood Cholesterol Levels in Children and Teenagers [6]; 
High triglycérides : plasmatic triglycérides above 90th percentile or 
>1,24 mmol/l (Average of 90° percentile according to the age) [6]; 
High blood pressure: systolic blood pressure >95th percentile or 
diastolic blood pressure > 95th percentile [7]; Impaired glucose 
tolerance: fasting glucose > 6.1 mmol/l (1.09g/l) [8].  
  
Clinical evaluation: weight and height: children were weighed 
with scales, (150 ± 0.1 kg) (Seca 750, Germany). height was taken 
up with a stadiometer wooden strip of metal 2 meters ± 0.1cm, 
equipped with a headrest movable horizontal (Seca, Germany) 
without shoes and underwear [9]. The body mass index (BMI) was 
calculated by dividing weight (kg) by height (m) squared (in kg / 

m²). For the classification of BMI, we used the reference curves of 
the WHO 2007 subjects aged from 5 to 19 years old defined as 
follows [10]: Overweight: > + 1 Standard Deviation (equivalent to 
BMI 25 kg/m² à 19 years) ; Obesity: > + 2 Standard Deviation 
(equivalent to BMI 30 kg/m² à 19 years) ; Thinness: < - 2 Standard 
Deviation; - Severe Thinness: < - 3 Standard Deviation.  
  
The waist circumference: it was measured after normal 
expiration using a flexible tape and non-elastic of 2 meters. Blood 
pressure: Blood pressure was measured using a 
sphygmomanometer Mercury with a cuff adapted to children, after 5 
min rest in the supine position. Considered hypertensive children are 
those whose blood pressure exceeds the 95th percentile level. 
(Depending on height, sex and age) [7,11-13]. The same material 
was used for all children by a pediatrician trained in advance 
awareness and action on the progress of the study.  
  
Biologicale evaluation: samples were done on children fasting for 
at least 12 hours. Obese children only received the assay of HDL 
cholesterol and triglyceride levels, while the glucose level was 
performed for all children (obese and normal). Serum levels of 
glucose were determined according to hexokinase enzymatic 
method. Serum levels of: cholesterol, triglycerides and HDL were 
determined according to colorimetric enzymatic method  
  
Statistical analysis: a group of obese children was analyzed. Then 
we proceed to the comparison of a group of obese children and 
group normal children. Statistics were performed on the software 
Statistical Package for Social Sciences (SPSS) version 18.0. 
Quantitative data are expressed as mean ± standard deviation and 
qualitative ones as a percentage. Correlations between two 
parameters were estimated by the Pearson correlation coefficient. 
The average parameters were compared using parametric tests for 
comparison of averages (Student´s t test). Comparison of two 
percentages was made by the Chi2 test or Fisher exact test (in case 
the conditions for the Chi2 test were not met). For all tests, the risk 
of error granted was set at p= 0.05.  
  
  

Results 
 
Anthropometry, blood pressure and biology  
  
Our study included 73 children, including 36 girls and 37 boys. Our 
population consists of 36 normal children and 37 obese children. 
The average age was 11.02 ± 0.73, going from 8 to 13.6 years old. 
The average weight was 45.07 ± 13.80 kg. Table 1 shows the main 
anthropometric characteristics, blood pressure and the results of the 
amount of normal and obese children. All anthropometric 
parameters and blood pressure were significantly higher in obese 
children compared to normal children (p  
  
Frequency of metabolic syndrome in obese children  
  
Metabolic syndrome criteria have been investigated in 37 obese 
children (49% girls and 51% obese boys) with an average age of 
11.04 ± 0.88 years old. The average BMI was respectively 26.81 ± 
3 kg / m² and 24.50 ± 1.82 kg / m². Data by sex are detailed in 
Table 2. Figure 1 shows the frequency of metabolic syndrome 
criteria in obese children. Abdominal obesity is observed in all obese 
girls (49% of obese children). For boys, only one child has a waist 
circumference less than 90th percentile (not significant). 16% of 
obese children with systolic hypertension prevalence was two times 
higher among girls than boys (67% vs 33%). The average systolic 
blood pressure was (12.32 ± 1.34 vs 11.48 ± 0.89 p = 0.031). For 
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diastolic blood pressure 27% of obese children are hypertensive 
(70% girls against 30% of boys). Glucose intolerance was observed 
in any obese child. 8% of obese children had high triglycerides and 
low HDL cholesterol.  
  
Figure 2, Figure 3 and Figure 4 show the correlation between 
(BMI / waist circumference), (BMI / HDL) (waist circumference / 
systolic blood pressure), (waist circumference / low HDL) and 
(triglycerides / low HDL). There´s a correlation between BMI and 
waist circumference (r = 0.50 at 0.01, p = 0.02), BMI is inversely 
related to HDL (r = - 0.34 at 0.05, p = 0.03). The correlation 
between waist circumference and systolic blood pressure was 
significant (r = 0.37 at 0.01, p = 0.02) for waist circumference and 
HDL, there is a significant negative correlation (r = - 0.45 at 0.01, p 
= 0.05). This is true for the correlation between triglycerides and 
HDL hypoglycemia, it is negative and highly significant (r = - 0.44 
correlation threshold of 0.01, P = 0.006).  
  
Comparison of obese and normal children  
  
In our study we compared, waist circumference, blood pressure and 
blood glucose between normal and obese children (Table 3). 20% 
of normal children have abdominal obesity against 80% of obese 
children (p  
  
  

Discussion 
 
Our study was performed on 73 children (36 normal children and 37 
obese children). The children are enrolled in public primary schools 
in Rabat. The objective of the study is to investigate the frequency 
of metabolic syndrome in a group of obese children in Morocco.  
  
The major risk of obese children is not only to remain obese when 
they become adult, but also and especially to be the cause or 
aggravate many diseases that are associated with obesity 
(cardiovascular disease, diabetes ...) [14]. Children whose waist 
circumference exceeds 90th percentile are more likely to combine 
several risk factors for cardiovascular disease than those whose 
waist is below this threshold value [15]. According to our results, 
there´s a close relationship between BMI and waist circumference 
(p 16,17]. There is a significant relationship between BMI and the 
level of systolic and diastolic blood pressure.(P = 0.05 and p = 
0.013).  
  
A significant correlation was found in our study (between waist 
circumference and systolic blood pressure (r = 0.37 at 0.01, p = 
0.02). The association between obesity and high blood pressure in 
children has been shown in numerous studies in industrialized 
countries [18,19]. With the increasing number of obese children, we 
can expect an increase in the incidence of high blood pressure in 
this class age. It is important that families, society and school 
support good prevention (diet and regular physical activity). As 
children of parents with high blood pressure or obese tend to have 
higher blood pressure values (either through genetic predisposition 
or an "unhealthy lifestyle" in the family), these children should 
benefit from specific preventive measures.  
  
Our study showed an increased risk of hypertension (especially 
systolic) in obese girls, our results are comparable to a study in 
Mexico [20] and opposite to a study in obese adolescents in Algeria 
where the prevalence of hypertension was two times higher in boys 
than girls [21]. Glucose intolerance is much less common, being in 
only 10-15% of obese children [22]. Type 2 diabetes, however, is 
quite exceptional. Indeed, only children with a strong genetic 
predisposition to diabetes (children of Asian origin, and to a lesser 

extent, those genetically from Black Africa) can reveal the disease if 
they become obese. Children of European or North African, obesity 
does not complicate diabetes before adulthood [23]. Only two 
normal children out of the 73 children in our population had 
elevated fasting blood glucose. The prevalence of impaired fasting 
glucose was very low and relatively similar to that of other European 
series [23,24].  
  
For the metabolic syndrome in children, we chose to use the NCEP-
ATPIII definition because it is the most commonly accepted 
definition in pediatrics. It also allows us to compare our results to 
other European studies with a neighbor definition [25,26]. Morocco, 
a country in transition economic, social and cultural experiencing 
urbanization increasingly causing increased lifestyle changes similar 
to neighboring European countries such as France, Spain or Italy.  
  
The highest prevalence after the waist obese children in our 
population was high blood pressure. The lowest prevalence were 
those of high triglycerides and low HDL cholesterol (8%). Even if 
our sample is small (37 obese children), our results showed that 
these children are predisposed to metabolic syndrome, since 49% of 
children are one criteria, and 27% are two criteria. There was a 
prevalence of metabolic syndrome by 22%. Our results are similar 
to those of Turkey; the prevalence of metabolic syndrome in 
children is 27.2% [27]. However, they are much lower than those 
reported in adolescents or American Indian prevalence of metabolic 
syndrome was 36% [28]. These data are hard to compare given the 
heterogeneity of the definition used to determine the metabolic 
syndrome in children and socio-demographic conditions of each 
population.  
  
  

Conclusion 
 
Obesity in childhood and adolescence presents an immediate risk of 
co-morbidities and risk of adult obesity and persistent occurrence of 
cardio-metabolic complications. Our study has shown that waist 
circumference is predictive of risk of high blood pressure. Research 
of metabolic syndrome in obese children should be part of their 
care. Reducing the waist circumference is a goal to aim at the 
implementation of the project management of these children. 
Prevention measures must be in place soon that age.  
  
  

Competing interests 
 
All authors declare no competing interest. 
  
  

Authors’ contributions 
 
All authors read and agreed to the ?nal version of this manuscript 
and equally contributed to its content and to the management of 
the case.  
  
  

Acknowledgments 
 
This study was supported by the University Mohammed V – Souissi - 
of Rabat; we would like to thank all nurses and pediatrics residence 
who participated in this study. Special thanks to Mrs Zairit Fouzia, 
Mrs Aggad Ikram , Doctor Benchafai Majdouline, Doctor Boukhzar 
Malak, Doctor Bouchaab Amal, Doctor Halal Khadija, Doctor Amalik 
Najat, Doctor Loudiyi Mnebhi Fouzia, Doctor Khabba Hanan, Doctor 

javascript:PopupFigure('FigId=2')
javascript:PopupFigure('FigId=3')
javascript:PopupFigure('FigId=4')
javascript:void(0)


Page number not for citation purposes 4 

Jlioui Souad, Doctor Chara Hbili Meryem, Doctor Boudana Safae, 
Doctor Chahid Naima, Doctor Sabir Narjiss and Doctor Zniber Salma. 
  
  

Tables and figures 
 
Table 1: anthropometric characteristics, biological and blood 
pressure of normal and obese children  
Table 2: clinical and biological characteristics in obese children by 
gender  
Table 3: comparison of parameters of metabolic syndrome in obese 
and normal children  
Figure 1: the three criteria of metabolic syndrome observed in 
obese boys and girls  
Figure 2: correlation between the waist circumference and BMI and 
between HDL and BMI  
Figure 3: correlation between waist circumference and systolic 
blood pressure and between waist circumference and HDL  
Figure 4: correlation between HDL and Triglycerides  
  
  

References 
 
1. Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, 

Yeckel CW, et al. Obesity and the metabolic syndrome in 
children and adolescents. N Engl J Med. 2004; 350(23):2362-
74. PubMed | Google Scholar  

 
2. Maffeis C, Banzato C,Talamini G. Waist-to-Height ratio, a useful 

index to identify high metabolic risk in overweight children”. 
The Journal of Pediatrics. 2008; 152(2):207-13. PubMed | 
Google Scholar  

 
3. Must A. Morbidity and mortality associated with elevated body 

weight in children and adolescents. Am J Clin Nutr. 1996; 
63(suppl 3):445-447. PubMed | Google Scholar  

 
4. Imane Cherkaoui Dekkaki, Nezha Mouane, Said Ettair, Toufik 

Meskini, Aziz Bouklouze, and Amina Barkat. Prevalence of 
Obesity and Overweight in Children: A Study in Government 
Primary Schools in Rabat, Morocco. Archives of Medical 
Research. 2011; 42 (8): 703- 708. PubMed | Google Scholar  

 
5. Rolland-Cachera MF, Deheeger M, Bellisle F. Waist 

circumference values in French boys and girls aged 6 to 16 
years. Int J Obesity. 2001; 25 (suppl 2):S132. PubMed | 
Google Scholar  

 
6. Cook S, Weitzman M, Auinger P, et al. Prevalence of a 

metabolic syndrome phenotype in adolescents: finding from 
the third national health and nutrition examination survey 
1988-1994. Arch Pediatr Adol Med. 2003; 157(8):821-7. 
PubMed | Google Scholar  

 
7. De Man SA, André JL, Bachmann H, Grobbee DE, Ibsen KK, 

Laaser U, et al. Blood pressure in childhood: Pooled findings of 
six European Studies. J Hypertens. 1991; 9(2):109-14. 
PubMed | Google Scholar  

 
8. American Diabetes Association Consensus Statement. Type 2 

diabetes in children and adolescents. Diabetes Care. 2000; 
23(3):381-9. PubMed | Google Scholar  

 
9. Nardella M, Campo L, Ogata B, eds. Nutrition Interventions for 

Children with Special Health Care Needs. Olympia, Washington: 
State Department of Health; 2001. Google Scholar 

 
10. World Health Organization (WHO). Growth reference 5-19 

years, 2007 
http://www.who.int/growthref/who2007_bmi_for_age. 
PubMed | Google Scholar  

 
11. National high blood pressure education program working group 

on high blood pressure in children and adolescents. The fourth 
report on the diagnosis, evaluation, and treatment of high 
blood pressure in children and adolescents. Pediatrics. 2004; 
114(suppl2):555-76. PubMed | Google Scholar  

 
12. Labarthe DR. Overview of the history of pediatric blood 

pressure assessment and hypertension: an epidemiologic 
perspective. Blood Press Monit. 1999; 4(3-4):197-203. 
PubMed | Google Scholar  

 
13. Broyer M, Andre JL. Nouveaux regards sur l’hypertension 

artérielle de l’enfant. Arch Fr Pediatr. 1980;37(7) :429–32. 
PubMed | Google Scholar  

 
14. Charles MA. Conséquences de l’obésité chez l’enfant. Expertise 

collective de l’Inserm : obésité. Dépistage et prévention chez 
l’enfant. Les éditions Inserm; 2000 ; 29-50. PubMed | Google 
Scholar  

 
15. Maffeis C, Pietrobelli A, Grezzani A, Provera S, Tato L. Waist 

circumference and cardiovascular risk factors in prepubertal 
children. Obes Res. 2001; 9(3):179-87. PubMed | Google 
Scholar  

 
16. Janssen I, Katzmarzyk PT, Srinivasan SR, Chen W, Malina RM, 

Bouchard C, et al. Combined influence of body mass index and 
waist circumference on coronary artery disease risk factors 
among children and adolescents. Pediatrics. 2005; 
115(6):1623-30. PubMed | Google Scholar  

 
17. Hirschler V, Aranda C, Calcagno Mde L, Maccalini G, Jadzinsky 

M. Can waist circumference identify children with the metabolic 
syndrome ? Arch Pediatr Adolesc Med. 2005; 159(8):740-4. 
PubMed | Google Scholar  

 
18. Sorof J, Daniels S. Obesity hypertension in children: a problem 

of epidemic proportions. Hypertension. 2002; 40(4):441-7. 
PubMed | Google Scholar  

 
19. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, 

Flegal KM. Prevalence of overweight and obesity in the United 
States, 1999–2004. JAMA. 2006; 295(13):1549 -55. PubMed | 
Google Scholar  

 
20. Samuel FH , Miguel KK , Lorenzo RC , José IS. Increase in Body 

Mass Index and Waist Circumference is associated high blood 
pressure in children and adolescents in Mexico City. Archives of 
Medical Research. 2009; 40(3):208-215. PubMed | Google 
Scholar  

 
21. Benmohammed K, Nguyen M.T, Khensal S, Valensi P, Lezzar A 

. Arterial hypertension in overweight and obese adolescent: 
Role of abdominal diposity . Diabetes and Metabolism 2011; 
37(4):291-297. PubMed | Google Scholar  

 
22. Bougnères P, Le Stunff C. Diabète non insulinodépendant chez 

l’enfant et l’adolescent obèse: un problème mal posé. Réalités 
Pédiatriques. 2007; 119:13. PubMed | Google Scholar  

 

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:PopupFigure('FigId=1')
javascript:PopupFigure('FigId=2')
javascript:PopupFigure('FigId=3')
javascript:PopupFigure('FigId=4')
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Weiss%20R%5bauthor%5d+AND++Obesity+and+the+metabolic+syndrome+in+children+and+adolescents
http://scholar.google.com/scholar?hl=en&q=+Obesity+and+the+metabolic+syndrome+in+children+and+adolescents
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Maffeis%20C%5bauthor%5d+AND++Waist-to-Height+ratio+a+useful+index+to+identify+high+metabolic+risk+in+overweight+children
http://scholar.google.com/scholar?hl=en&q=+Waist-to-Height+ratio+a+useful+index+to+identify+high+metabolic+risk+in+overweight+children
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Must%20A%5bauthor%5d+AND++Morbidity+and+mortality+associated+with+elevated+body+weight+in+children+and+adolescents
http://scholar.google.com/scholar?hl=en&q=+Morbidity+and+mortality+associated+with+elevated+body+weight+in+children+and+adolescents
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Imane%20Cherkaoui%20Dekkaki%5bauthor%5d+AND++Prevalence+of+Obesity+and+Overweight+in+Children:+A+Study+in+Government+Primary+Schools+in+Rabat+Morocco
http://scholar.google.com/scholar?hl=en&q=+Prevalence+of+Obesity+and+Overweight+in+Children:+A+Study+in+Government+Primary+Schools+in+Rabat+Morocco
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Rolland-Cachera%20MF%5bauthor%5d+AND++Waist+circumference+values+in+French+boys+and+girls+aged+6+to+16+years
http://scholar.google.com/scholar?hl=en&q=+Waist+circumference+values+in+French+boys+and+girls+aged+6+to+16+years
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Cook%20S%5bauthor%5d+AND++Prevalence+of+a+metabolic+syndrome+phenotype+in+adolescents:+finding+from+the+third+national+health+and+nutrition+examination+survey+1988-1994
http://scholar.google.com/scholar?hl=en&q=+Prevalence+of+a+metabolic+syndrome+phenotype+in+adolescents:+finding+from+the+third+national+health+and+nutrition+examination+survey+1988-1994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=De%20Man%20SA%5bauthor%5d+AND++Blood+pressure+in+childhood:+Pooled+findings+of+six+European+Studies
http://scholar.google.com/scholar?hl=en&q=+Blood+pressure+in+childhood:+Pooled+findings+of+six+European+Studies
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=American%20Diabetes%20Association%20Consensus%20Statement%5bauthor%5d+AND++Type+2+diabetes+in+children+and+adolescents
http://scholar.google.com/scholar?hl=en&q=+Type+2+diabetes+in+children+and+adolescents
http://scholar.google.com/scholar?hl=en&q=+Nutrition+Interventions+for+Children+with+Special+Health+Care+Needs
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=World%20Health%20Organization%20(WHO)%5bauthor%5d+AND++Growth+reference+5-19+years+2007+http://www
http://scholar.google.com/scholar?hl=en&q=+Growth+reference+5-19+years+2007+http://www
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=National%20high%20blood%20pressure%20education%20program%20working%20group%20on%20high%20blood%20pressure%20in%20children%20and%20adolescents%5bauthor%5d+AND++The+fourth+report+on+the+diagnosis+evaluation+and+treatment+of+high+blood+pressure+in+children+and+adolescents
http://scholar.google.com/scholar?hl=en&q=+The+fourth+report+on+the+diagnosis+evaluation+and+treatment+of+high+blood+pressure+in+children+and+adolescents
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Labarthe%20DR%5bauthor%5d+AND++Overview+of+the+history+of+pediatric+blood+pressure+assessment+and+hypertension:+an+epidemiologic+perspective
http://scholar.google.com/scholar?hl=en&q=+Overview+of+the+history+of+pediatric+blood+pressure+assessment+and+hypertension:+an+epidemiologic+perspective
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Broyer%20M%5bauthor%5d+AND++Nouveaux+regards+sur+l�hypertension+art�rielle+de+l�enfant
http://scholar.google.com/scholar?hl=en&q=+Nouveaux+regards+sur+l�hypertension+art�rielle+de+l�enfant
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Charles%20MA%5bauthor%5d+AND++Cons�quences+de+l�ob�sit�+chez+l�enfant
http://scholar.google.com/scholar?hl=en&q=+Cons�quences+de+l�ob�sit�+chez+l�enfant
http://scholar.google.com/scholar?hl=en&q=+Cons�quences+de+l�ob�sit�+chez+l�enfant
http://scholar.google.com/scholar?hl=en&q=+Cons�quences+de+l�ob�sit�+chez+l�enfant
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Maffeis%20C%5bauthor%5d+AND++Waist+circumference+and+cardiovascular+risk+factors+in+prepubertal+children
http://scholar.google.com/scholar?hl=en&q=+Waist+circumference+and+cardiovascular+risk+factors+in+prepubertal+children
http://scholar.google.com/scholar?hl=en&q=+Waist+circumference+and+cardiovascular+risk+factors+in+prepubertal+children
http://scholar.google.com/scholar?hl=en&q=+Waist+circumference+and+cardiovascular+risk+factors+in+prepubertal+children
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Janssen%20I%5bauthor%5d+AND++Combined+influence+of+body+mass+index+and+waist+circumference+on+coronary+artery+disease+risk+factors+among+children+and+adolescents
http://scholar.google.com/scholar?hl=en&q=+Combined+influence+of+body+mass+index+and+waist+circumference+on+coronary+artery+disease+risk+factors+among+children+and+adolescents
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Hirschler%20V%5bauthor%5d+AND++Can+waist+circumference+identify+children+with+the+metabolic+syndrome?
http://scholar.google.com/scholar?hl=en&q=+Can+waist+circumference+identify+children+with+the+metabolic+syndrome?
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Sorof%20J%5bauthor%5d+AND++Obesity+hypertension+in+children:+a+problem+of+epidemic+proportions
http://scholar.google.com/scholar?hl=en&q=+Obesity+hypertension+in+children:+a+problem+of+epidemic+proportions
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Ogden%20CL%5bauthor%5d+AND++Prevalence+of+overweight+and+obesity+in+the+United+States+1999�2004
http://scholar.google.com/scholar?hl=en&q=+Prevalence+of+overweight+and+obesity+in+the+United+States+1999�2004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Samuel%20FH%5bauthor%5d+AND++Increase+in+Body+Mass+Index+and+Waist+Circumference+is+associated+high+blood+pressure+in+children+and+adolescents+in+Mexico+City
http://scholar.google.com/scholar?hl=en&q=+Increase+in+Body+Mass+Index+and+Waist+Circumference+is+associated+high+blood+pressure+in+children+and+adolescents+in+Mexico+City
http://scholar.google.com/scholar?hl=en&q=+Increase+in+Body+Mass+Index+and+Waist+Circumference+is+associated+high+blood+pressure+in+children+and+adolescents+in+Mexico+City
http://scholar.google.com/scholar?hl=en&q=+Increase+in+Body+Mass+Index+and+Waist+Circumference+is+associated+high+blood+pressure+in+children+and+adolescents+in+Mexico+City
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Benmohammed%20K%5bauthor%5d+AND+T+Khensal+S+Valensi+P+Lezzar+A+
http://scholar.google.com/scholar?hl=en&q=T+Khensal+S+Valensi+P+Lezzar+A+
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Bougn�res%20P%5bauthor%5d+AND++Diab�te+non+insulinod�pendant+chez+l�enfant+et+l�adolescent+ob�se:+un+probl�me+mal+pos�
http://scholar.google.com/scholar?hl=en&q=+Diab�te+non+insulinod�pendant+chez+l�enfant+et+l�adolescent+ob�se:+un+probl�me+mal+pos�


Page number not for citation purposes 5 

23. Druet C, Dabbas M, Baltaske V,et al. Insuline resistance and 
the metabolic syndrome in obese French children. Clin 
Endocrinol. 2006;64(6):672-8. PubMed | Google Scholar  

 
24. Wiegrand S, Maikowski U, Blankestein O, et al. Type 2 diabetes 

and impaired glucose tolerance in European children and 
adolescents with obesity: a problem that is no longer restricted 
to minority groups. Eur J Endocrinol. 2004; 15(2):199- 206. 
PubMed | Google Scholar  

 
25. Maisonneuve B, Auclair C, Ali M, Terral D, Deméocq F, Roszyk 

L, Venzac M, Meyer M, Merlin E. Metabolic abnormalities in 
obese French children. Archives de pédiatrie. 2009; 16(7):991-
998. PubMed | Google Scholar  

 

26. Mimoun E, AggounY, Pousset et al.Association of arterial 
stiffness and andothelial dysfonction with metabolic syndrome 
in obese children. J Pediatr. 2008; 153(1):65-70. PubMed | 
Google Scholar  

 
27. Mehmet Emre Atabek , Ozgur Pirgon , Selim Kurtoglu. 

Prevalence of metabolic syndrome in obese Turkish children 
and adolescents . Diabetes Research and clinical Practice. 
2006; 72(3):315 - 321. PubMed | Google Scholar  

 
28. Singh R, Bhansali R, Siely R, et al. Prevalence of metabolic 

syndrome in adolescents from a north Indian population. 
Diabet Met. 2007; 24(2):195-9. PubMed | Google Scholar  

 

  
  
 

Table 1: anthropometric characteristics, biological and blood pressure of normal and obese children 

  Normal (n = 36) Obese (n= 37) P 

Age ( years)  11.01 ± 0.54 11.04 ± 0.88 NS 

Weight (kg) 32.89 ± 4.30 56.93 ± 8.37 < 0.0001 

Height (m) 1.37 ± 0.74 1.48 ± 0.69 < 0.0001 

BMI (kg/m²) 17.44 ± 0.93 25.66 ± 2.72 < 0.0001 

Waist Circumference (cm) 68.14 ± 6.45 79.05 ± 6.33 < .0001 

Systolic blood pressure (mm Hg) 11.05 ± 1.09 11.89 ± 1.19 0.002 

Diastolic blood pressure (mm Hg) 6.15 ± 1.04 7.32 ± 0.78 < .0001 

Fasting glucose (mmo/l) 4.66 ± 0.75 4.60 ± 0.36 0.704 

Fasting glucose (g/l) 0.84 ± 0.13 0.82 ± 0.65 0.626 

BMI Body Mass Index;   NS: not significant; Result expressed as Mean ± Standard deviation  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 3: comparison of parameters of metabolic syndrome in obese and normal children 

  Normal (%) n= 
36 

Obese (%) 
N=37 

Total (%) P 

Waist circumference > 90 9 (20) 36 (80) 45 (100)   

Waist circumference < 90 27 (96.4) 1 (3.6) 28 (100) <0.0001 

Systolic blood pressure >95 1 (14.3) 6 (85.7) 7 (100)   

Systolic blood pressure < 95 35 (53.03) 31 (46.97) 66 (100) 0.05 

Diastolic blood pressure > 95 2 (16.66) 10 (83.34) 12 (100)   

Diastolic blood pressure < 95 34 (55.73) 27 (44.27) 61(100) 0.013 

Fasting glucose >6.1 mmol/l 2 (100) 0 (0) 2(100)   

Fasting glucose < 6.1 mmol/l 34(47.88) 37 (52.12) 71 (100) 0.146 

 
 
 
 

Table 2: clinical and biological characteristics in obese children by gender 

  Obese girls (n =18) Obese boys (n =19) P 

Age ( years) 11.24 ± 0.88 10.86 ± 0.88 0.198 

Weight (kg) 61.64 ± 8.73 52.47 ± 0.88 <0.0001 

Height(m) 1.51 ± 0.05 1.46 ± 0.07 0.035 

BMI (kg/m²) 26.81 ± 3 24.50 ± 1.82 0.005 

Waist Circumference (cm) 80.08 ± 7.97 78.00 ± 4.25 0.356 

Systolic blood pressure (mmHg) 12.32 ± 1.34 11.48 ± 0.89 0.031 

Diastilic blood pressure (mmHg) 7.51 ± 0.76 7.14 ± 0.77 0.159 

Fasting glucise  (mmo/l) 4.56 ± 0.39 4.63 ± 0.33 0.54 

Triglycérides (mmol/l) 1.05 ± 0.28 1.11 ± 0.66 0.71 

HDL cholesterol (mmo/l)  0.49 ± 0.10 0.46 ± 0.10 0.37 
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Figure 1: the three criteria of metabolic syndrome observed in obese boys and girls  
 
 
 
 
 

 
Figure 2: correlation between the waist circumference and BMI and between HDL and BMI  
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Figure 3: correlation between waist circumference and systolic blood pressure and between waist circumference and HDL  

 
 
 

 
Figure 4: correlation between HDL and Triglycerides 
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