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ABSTRACT 
 

Background:  The metabolic syndrome is a common metabolic disorder associated to 
the increasing prevalence of overweight and obesity. 
Aims:  To assess the prevalence of metabolic abnormalities and metabolic syndrome 
(MetS) among 16-21 years Cameroonian adolescents and analyzed the influence of age, 
gender and weight status. 
Study Design:  This was a cross sectional study. 
Place and Duration of study:  Commercial High school of Yaoundé, between January 
and May 2012. 
Methods: MetS was defined according to United States (US) adapted pediatric criteria 
and International Diabetes Federation (IDF) criteria. A cross sectional study was set to 
collect data from 1765 adolescents (59.1% girls). 
Results:  Using the US criteria, the prevalence of MetS was 20.3%, while IDF criteria 
showed a lower prevalence of 15.3%. Girls were at greater risk for MetS (US 25.0% and 
IDF 23.4%) compared to boys (US 15.0% and IDF 6.1%). The prevalence of MetS was 
elevated in elder adolescents (US 22.4% and IDF 18.9%) as compared to youngster (US 
14.9% and IDF 5.9%). Overweight adolescents (BMI≥25kg/m2) were more exposed to 
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MetS (US 25.5% and IDF 26.7%) than normal weight (US 17.4% and IDF 9.0%). MetS 
prevalence itself varied markedly according to criteria used. Both US and IDF criteria, 
showed highest rate of low HDL (US 55.0% and IDF 49.3%) and elevated blood 
pressure (US 28.8% and IDF 27.0%). 
Conclusions:  The prevalence of MetS among our study population was high especially 
in girls and overweight adolescents. Individual MetS abnormalities are common in 
adolescents, further studies are needed to draw a more precise picture of the situation in 
order to better target interventions to improve future cardiovascular health. 
 

 
Keywords: Metabolic syndrome; overweight; adolescent; gender; Cameroon. 
 
1. INTRODUCTION 
 
Metabolic syndrome (MetS) is defined as a pattern of metabolic disturbances including 
central obesity, hyperglycemia, dyslipidemia and hypertension [1,2]. MetS appear to be a 
useful measure of atherosclerotic cardiovascular disease in adults [3]. Studies have shown 
that pediatric MetS is a significant predictor of MetS, type 2 diabetes and cardiovascular 
disease in adulthood [4]. There are several definitions of MetS for adults [5-9], among which 
the International Diabetes Federation (IDF) definition [7], World Health Organization (WHO) 
criteria [9] and the Third report of the National Cholesterol Education Program’s (NCEP) 
Adult Treatment Panel (US or ATP III) criteria [5]. Cases of adolescents with MetS have 
been reported in many populations, but the estimation are difficult to compare because a 
unanimous definition is lacking [10-14]. Based on adapted ATP III criteria, derived definition 
of the pediatric MetS for United States (US) children and adolescent have been settled as 
having three or more of the following abnormalities: high triglyceride level, low HDL-
cholesterol level, high fasting glucose level, abdominal obesity, hypertension [15,16]; while 
the IDF definition of MetS in children and adolescent is inspired by existing IDF criteria for 
adults as having central obesity plus three or more of the following abnormalities : high 
triglyceride level, low HDL-cholesterol level, high fasting glucose level, hypertension [7,17]. 
 
Overweight and obesity are important risk factors of MetS. MetS is rapidly increasing in 
prevalence widely in association with rising of overweight and obesity [2,13,15,18-20]. In 
Cameroon, recent socio-economic changes have led to high disparities in the prevalence of 
overweight and obesity in adults [21,22] as well as in adolescents [23]. Prior studies in the 
adult population showed that about a quarter of men and half of women were either 
overweight or obese [21], this trend is increasing over time at an alarming rate [22] and is 
associated with metabolic complications all along [24-26]. Few data exist. on adolescent’s 
weight status in Cameroon, and they all point toward an obesogenic aspect of urban 
environment for child and adolescents [27-29]. 
 
The W.H.O recommends more research on the frequency of MetS components and their 
level in low to middle-income countries (LMICs) [30]. The purpose of the current study is to 
(i) estimate the prevalence of MetS and its individual’s metabolic abnormalities according to 
Ferranti et al.[15] and IDF criteria respectively [17];(ii) analyse the influence of age, gender 
and weight status on MetS and it individual components. 
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2. SUBJECTS AND METHODS 
 
2.1 Sampling 
 
Subjects were recruited from a cross-sectional school-based survey in a leading secondary 
school of Yaoundé (Cameroon). This school was selected so as to incorporate all social 
strata, as well as ethnic groups due to its strategic position in the city. A total of 1765 
adolescents (721 boys and 1044 girls) with signed informed consent were enrolled at the 
beginning of the study in school milieu. All 1765 participants completed data on age, weight 
and height; and then among them, 1450 were screened for waist circumference, 1417 were 
screened for blood pressure, 757 were screened for blood glucose, 678 were screened for 
Total cholesterol and triglyceride, and finally 249 participants were screened for HDL-
cholesterol. Out of these 1765 adolescents, complete data were obtained for 241 
adolescents aged 16-21 years including boys (n=113) and girls (n=128). 
 
2.2 Anthropometry and Blood Pressure Measurements 
 
Anthropometric variables were measured according to existing standards by trained 
personals. Height was measured without shoes to the nearest 0.1 cm using a portable 
stadiometer, body weight was measured to the nearest 0.1 kg using an indoor weighing 
scale with the students’ shoes, coats, and other heavy outerwear removed. Height and 
weight were used to calculate BMI as body mass (kg)/square of height (m2). Waist 
circumference was measured midway between the lower rib margin and the iliac crest with 
non-stretchable plastic tape. 
 
Blood pressure (BP) was measured with a checked electronic sphygmomanometer (Omron) 
and three blood pressure measurements were taken after 5 minutes intervals.  
 
2.3 Blood Samples and Analysis 
 
Fasting blood samples (5ml) of adolescents where collected after 12-hours overnight fasting, 
drawn into tubes containing heparin as an anticoagulant for preparation of plasma. Plasma 
collected was used for the measurement of total cholesterol, triglyceride, HDL-cholesterol, 
and fasting glucose (cholesterol infinity, triglyceride Infinity, EZ HDLTM cholesterol, Glucose 
Trinder) from SIGMA Diagnostics. 
 
2.4 Definition of Metabolic Syndrome 
 
MetS was defined using two published definitions. First, the de Ferranti et al. criteria [15] 
derived from the Adults Treatment Panel III (ATP III) criteria adapted to US pediatric ages, 
as three or more of the following variables and cut-off points: (1) fasting triglyceride 
≥100mg/dl; (2) HDL-cholesterol <45mg/dl for boys and HDL-cholesterol <50mg/dl for girls; 
(3) fasting glucose ≥110mg/dl; (4) waist circumference >75th percentile for age and sex for 
US adolescents; (5) systolic blood pressure and/or diastolic blood pressure >90th percentile 
for sex, age and height recommended by the National Heart, Lung and Blood Institute (US) 
[31]. Secondly, IDF criteria was applied according to adults existing definition [7], as 
abdominal obesity for boys (waist circumference ≥94cm); abdominal obesity for girls (waist 
circumference ≥80cm) plus two of any of the following abnormalities: (1) fasting triglyceride 
≥150mg/dl or specific treatment for this lipids abnormality; (2)HDL-cholesterol boys 
<40mg/dl; girls <50mg/dl or specific treatment for this abnormality; (3) systolic blood 
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pressure ≥130mmHg and/or diastolic blood pressure ≥85mmHg; (4) fasting glucose 
≥100mg/dl or previously diagnosed with type 2 diabetes. 
 
2.5 Statistics 
 
Quantitative data are presented as means with standard error of the mean; differences were 
tested by Student T-test. Frequency data are given as percentages; comparison between 
groups was performed using the Chi-square test. The significance level was set at p<0.05. 
Data were analyzed with SPSS 10.0 for Windows (SPSS Inc., 1999). 
 
3. RESULTS 
 
A total of 1765 adolescents (721 boys and 1044 girls) were enrolled in the course of this 
study. Characteristics of adolescents are shown in Table 1. Mean BMI and triglyceride were 
higher in girls as compare to boys, 22.6kg/m2vs 22.3kg/m2and 88.0mg/dl vs 76.2mg/dl (all 
P<0.05) respectively. Mean weight, height, and systolic blood pressure were higher in boys 
versus girls (all P<0.001); total cholesterol was higher in boys compared to girls 149.8mg/dl 
vs 135.8mg/dl (P<0.05). No significant difference was observed between genders for mean 
age, waist, diastolic blood pressure, fasting glucose, and HDL cholesterol. 
 

Table 1. Characteristics of adolescents according t o gender 
 
  Boys   Girls  
  N Mean(±SEM)  N Mean(±SEM) 
Age [years]  721 18.5(±0.0)  1044 18.5(±0.0) 
Weight [Kg]  721 63.3(±0.3)  1044 61.0(±0.3)*** 
Height [cm]  722 168.3(±0.4)  1044 163.7(±0.2)*** 
Body Mass Index [kg/m²]  721 22.3(±0.1)  1044 22.6(±0.1)* 
Waist circumference [cm]  565 74.4(±0.3)  885 73.7(±0.2) 
Systolic Blood Pressure [mm Hg]  579 118.4(±0.6)  838 114.3(±0.4)*** 
Diastolic Blood Pressure[mm Hg]  579 75.1(±0.5)  838 74.3(±0.4) 
Fasting Glucose [mg/dl]  330 88.3(±0.9)  427 89.8(±0.8) 
Total Cholesterol [mg/dl]  300 136.4(±3.0)  371 126.7(±2.5)* 
Triglyceride [mg/dl]  304 76.2(±3.3)  374 88.0(±3.3)* 
HDL cholesterol [mg/dl]  116 46.9(±2.2)  133 49.3(±2.4) 
SEM, standard error of the mean; differences boys versus girls were calculated by Student T-test and 

differences were set as *P<0.05, **P<0.01 and ***P<0.001. 
 
The prevalence of MetS components is shown in Table 2 (a) and (b). According to de 
Ferranti et al. MetS criteria (Table 2 (a)), elevated blood pressure, low HDL and high 
triglyceride were more common than abdominal obesity and elevated fasting blood glucose. 
Abdominal obesity was common in heavy adolescents (BMI≥25kg/m2) compared to others 
(BMI<25kg/m2), 16.0% vs 2.2% (P<0.001); the same pattern was observed with elevated 
fasting blood glucose, 12.9% vs 7.6% (P<0.001). Low HDL was more common in elder 
adolescents 59.8% vs 41.7% (P<0.05). High triglyceride level was more common in girls 
compared to boys 33.4% vs 24.3% (P<0.05). According to IDF criteria (Table 2(b)), elevated 
blood pressure, and low HDL-cholesterol were more common than abdominal obesity, 
elevated blood glucose and elevated triglyceride. Abdominal obesity was significantly more 
common in girls (P<0.001), elder adolescents (P<0.001) and heavier adolescents (P<0.001). 
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Elevated blood pressure were more common in girls and heavier adolescents (all P<0.01). 
Low HDL cholesterol was more common in Girls than boys 57.1% versus 40.5% (P<0.05). 
 

Table 2(a). Prevalence of individual MetS abnormali ties among Cameroonian 
adolescents aged 16 to 21 years (according to NCEP ATPIII adapted criteria  

(de Ferranti et al., 2004)) 
 

Sample size  Abdominal  
obesity 

Elevated 
Blood 
Pressure 

High 
glucose 
level 

Low HDL - 
cholesterol 
level 

High TG  
level 

 WC≥75th BP≥90th  FG 
≥110mg/dl 

HDL<45(M)/ 
50(F) mg/dl 

FTG 
≥100mg/dl 

 1450 1417 757 249 678 
Total 4.7 28.8 8.7 55.0 29.3 
Gender      
Boys 3.7 32.8** 6.0* 52.5 24.3* 
Girls 5.4 26.2 10.7 57.1 33.4 
Age classes      
 [16 - 18] 4.0 29.4 7.5 41.7* 29.1 
[19 - 21] 5.4 28.3 9.5 59.8 29.4 
BMI Status      
BMI<25kg/m2 2.2*** 26.3*** 7.6* 54.2 25.2** 
BMI=>25kg/m2 16.0 39.5 12.9 56.2 39.3 
MetS: Metabolic Syndrome; WC: waist circumference; BP: blood pressure; FG: fasting glucose; HDL: 
high density lipoprotein; TG: triglyceride; FTG: fasting triglyceride; BMI: body mass index; M: male; F: 

Female. Chi-square test of prevalence of metabolic syndrome abnormalities between subgroups: 
*P<0.05, **P<0.01, ***P<0.001. 

 

Table 2(b). Prevalence of individual MetS abnormali ties among Cameroonian 
adolescents aged 16 to 21 years (according to IDF) 

 

Sample size  Abdominal  
obesity 

Elevated 
Blood 
Pressure 

High 
glucose 
level 

Low HDL - 
cholesterol 
level 

High TG  
level 

 WC≥94(M)/ 
80cm(F) 

BP≥130/85m
mHg 

FG≥100mg/
dl 

HDL<40(M)/ 
50(F) mg/dl 

FTG≥150mg/
dl 

 1450 1417 757 249 678 
Total 12.1 27.0 20.0 49.3 12.9 
Gender      
Boys 2.1*** 31.6** 15.7* 40.5* 9.8* 
Girls 18.6 23.7 23.4 57.1 15.5 
Age classes      
[16 - 18] 8.4*** 25.8 21.5 40.2 14.5 
[19 - 21] 16.3 28.1 19.0 52.7 11.8 
BMI status      
BMI<25kg/m2 4.6*** 24.5*** 18.0* 47.5 11.3 
BMI≥25kg/m2 45.5 37.1 27.0 52.5 16.6 
MetS: Metabolic Syndrome; WC: waist circumference; BP: blood pressure; FG: fasting glucose; HDL: 
high density lipoprotein; TG: triglyceride; FTG: fasting triglyceride; BMI: body mass index; M: male; F: 

Female. Chi-square test of prevalence of metabolic syndrome abnormalities between subgroups: 
*P<0.05, **P<0.01, ***P<0.001. 
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Table 3(a) and (b) resume the prevalence of metabolic syndrome in sample of 241 
adolescents with complete data. In Table 3(a), according to de Ferranti et al. criteria (ATPIII 
adapted criteria), the prevalence of MetS was 20.3%. 93.3% of adolescents had at least one 
MetS factor, and 8 adolescents (3.3%) had 4 MetS factors. No significant associations were 
observed between Number of MetS components and gender, Age classes, or BMI status. In 
Table 3(b), according to IDF criteria, we observed 15.3% of MetS and overall 32.3% 
adolescents had central obesity with at least one other MetS factor. Gender was significantly 
associated with MetS as girls were more prone to MetS than boys, 23.4% vs 6.1% 
(P<0.001). Heavier adolescents (BMI≥25kg/m2) had elevated prevalence of MetS compared 
to others, 26.7% vs 9.0% (P<0.001). 
 
Table 3(a). Number of MetS components among Cameroo nian adolescents aged 16 to 

21 years (according to NCEP ATPIII adapted criteria  (de Ferranti et al., 2004)) 
 
 No. of  

subjects 
  No. of components  

  0 ≥1 ≥2 ≥3 (MetS) ≥4 
Total 241  6.6 93.3 58.5 20.3 3.3 
Gender                        ns        
Boys 113  7.0 92.9 51.3 15.0 1.7 
Girls 128  6.2 93.7 64.8 25.0 4.6 
Age classes steps       ns        
[16 - 18] 67  8.9 91.0 55.2 14.9 - 
[19 - 21] 174  5.7 94.2 59.7 22.4 4.5 
BMI Status                  ns        
BMI<25kg/m2 155  8.3 91.6 56.7 17.4 1.9 
BMI≥25kg/m2 86  3.4 96.5 61.6 25.5 5.8 

No., number; MetS, metabolic syndrome; BMI, body mass index; association between 
MetScomponents and different variable were calculated using Chi-square test; ns, not significant; 

 
Table 3(b). Number of MetS components among Cameroo nian adolescents aged 16 to 

21 years (according to IDF) 
 

 No. of 
subjects 

 No. of components  
 no MetS ≥01+Cetobe ≥02+Cetobe MetS  
Total 241 67.6 32.3 28.2 15.3 
Gender                    ***      
Boys 113 82.3 17.6 15.0 6.1 
Girls 128 54.6 45.3 39.8 23.4 
Age classes steps ns      
[16 - 18] 67 79.1 20.8 16.4 5.9 
[19 - 21] 174 63.2 36.7 32.7 18.9 
BMI Status             ***      
BMI<25kg/m2 155 79.3 20.6 17.4 9.0 
BMI=>25kg/m2 86 46.5 53.4 47.6 26.7 
No., number; MetS, metabolic syndrome; Centobe: central obesity; BMI, body mass index; association 

between MetS components and different variable were calculated using Chi-square test; ns, not 
significant; ***P-value<0.001. 
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4. DISCUSSION 
 
The significant findings from this study are (i) the relative high rate of individual MetS 
components, (ii) the influence of gender and body weight status and finally (iii) the baseline 
estimation of MetS in urban Cameroonian adolescents. Using de Ferranti et al criteria 
(derived from ATP III criteria), the prevalence of MetS was found to be 20.3%, while IDF 
criteria showed a lower prevalence of 15.3%. Our results suggest that girls are at greater risk 
for MetS (de Ferranti et al 25.0% and IDF 23.4%) than boys (de Ferranti et al. 15.0% and 
IDF 6.1%). The prevalence of MetS increased with age as it was higher in elder adolescents 
(de Ferranti et al 22.4% and IDF 18.9%) compared to younger (de Ferranti et al 14.9% and 
IDF 5.9%). Lastly, group with elevated BMI (≥25kg/m2) was more exposed to MetS (de 
Ferranti et al 25.5% and IDF 26.7%) than the group withlow BMI (de Ferranti et al 17.4% and 
IDF 9.0%). The prevalence of MetS itself varied markedly according to criteria used [20,26]. 
The same feature was observed in the present study with 20.3% versus 15.3% MetS 
according respectively to de Ferranti et al [15] and IDF criteria [7] respectively. 
 
Little information exists concerning MetS in sub-Saharan Africa even at adulthood level [32]. 
The first studies on the subject were conducted in Cameroon in the mid-90-s [26,33], using 
IDF criteria they reported MetS prevalence of 1.5% and 1.3% among dwelling urban women 
and men respectively [26]. Previous studies on adolescents reported a prevalence of MetS 
of 10% in USA [15], 3.7% in China [13], and in the present, 20.3% according to de Ferranti 
et al Criteria [15]. 
 
Study among overweight adolescents reported 31.2% MetS for US [15], 27.7% MetS for 
Chinese [13], 21.5% for Brazilian [20], 34.4% for their Tunisian counterparts [2], and our 
present study showed a prevalence of 25.5% that fall close to the bottom end of bracket 
observed in leading developing countries. Overweight adolescents (BMI≥25kg/m2) who had 
one, two, three and four factors of the MetS are comparable between Chinese adolescents 
(75.9%, 51.9%, 20.4%, and 5.6%), US adolescents (88.5%, 56.0%, 28.7%, and 5.8%) and 
Cameroonian adolescents (96.5%, 61.5%, 25.5% and 5.8%) (all applying the US criteria 
developed by de Ferranti et al [15]. These results highlight the importance of tackling MetS 
early on at childhood and adolescence level by acting toward weight control [13,15,18,19]. 
 
Gender difference on MetS prevalence was previously observed in adult urban dwelling 
Cameroonian as 1.5% for women and 1.2% for men according to IDF criteria [26], we 
observed the same gender differences between girls (de Ferranti et al 25.0% and IDF 
23.4%) and boys (de Ferranti et al 15.0% and IDF 6.1%). No such difference were observed 
in the US adolescents [15], while Brazilian [20], Chinese [13], South African [34], and 
Tunisian [2] urban dwelling boys showed elevated prevalence compare to girls. 
 
Comparing the different individual MetS factors between Cameroonian, Chinese [13] and US 
[15] adolescents, there were comparable high prevalence of low HDL-cholesterol in all 
groups; but the prevalence of elevated blood pressure, high fasting glucose and high 
triglyceride were all highest in Cameroonian compared to their Chinese and US counterpart. 
Finally, central obesity was higher in US adolescents, while lower in Chinese adolescents 
compared to Cameroonian adolescents. All these were observed according to de Ferranti et 
al. MetS definition criteria [15]. The difference may be caused by genetic factors, dietary 
habits, physical activity patterns or other lifestyle differences that need details investigations 
[13,19]. Previous study in adult population revealed that central obesity followed by elevated 
blood pressure were the major abnormalities contributing to MetS [26], all the MetS factors 
used here were higher than those published former for adult population. The important 
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differences may be due to the fact that adult’s data used here were derived from early 90-s, 
before the important increased in MetS abnormalities as central obesity (up to +190%), 
elevated blood pressure and elevated BMI (≥25kg/m2) revealed by recent investigations 
[22,35]. 
 
This study is representative of urban Cameroonian adolescents because it is based on large 
sample of adolescents selected in school, and the schooling rate is 94% in Yaoundé (94% 
for girls and 95% for boys) [36]. This high school attendance rate is due to the fact that 
public education is free and primary education is compulsory in Cameroon [23,36]. This is 
the first study examining the prevalence and distribution of MetS among 16 to 21 year-old 
Cameroonian. However, there are some limitations to be considered. First the data collection 
process could not allow us to obtain enough complete data, this weaken the power of our 
analysis at the particular level of MetS rate. Secondly the collection of data was only in one 
urban area of one region of the country; which limits the potential conclusions to that area, 
and is not applicable to general rural areas. Thirdly the estimation of MetS is based on a 
proposed definition for US adolescents using the historical cut-off points from NHANES III 
and adults IDF cut-off points due to lack of MetS definition in Cameroonian adolescents. 
 
Finally, we compared the Cameroonian adolescents aged 16-21 years with US adolescents 
aged 12-19 years and Chinese adolescents aged 15-19 years. Here the prevalence of MetS 
was not significantly difference between younger (16-18 years) and older (19-21years) 
adolescents, similar results were previously reported in the US adolescents, hence our 
present comparison may still be valid anyhow. While prevalence observed in this study 
cannot absolutely be generalized to every urban city in Cameroon, as important social 
differences exist, it can be compared to prevalence recorded in other leading urban cities in 
other countries. 
 
5. CONCLUSION 
 
In conclusion, the prevalence of MetS among our study population was high especially in 
girls and overweight adolescents and ultimately adds to the limited amount of MetS data in 
sub-Saharan Africa. The prevalence of MetS is higher among Cameroonian urban 
overweight adolescents even though comparable to either US or Chinese counterparts. 
These results along with known elevated and increasing prevalence of overweight, obesity in 
Cameroon during the last decade along with the sustain economic growth [22], highlight the 
need for effective overweight and obesity prevention strategies. This study set a baseline for 
further intervention on monitoring evolution of MetS in Cameroonian adolescents. 
 
CONSENT 
 
Not applicable. 
 
ETHICAL APPROVAL  
 
All authors hereby declare that this study was performed in accordance with the ethical 
standards and approved by the School Administration and the National Ethics Committee 
(N°:225/CNE/SE/2012).  Parents or guardians of all participants provided written and signed 
informed consent prior to participation to the study. Personal identification numbers were 
assigned to each participant to maintain anonymity. 



 
 
 
 

British Journal of Medicine & Medical Research, 4(13): 2483-2493, 2014 
 
 

2491 
 

ACKNOWLEDGMENTS 
 
The authors thank the local school authority for the permission to work in their school. We 
also thank all adolescents for their participation, and parents for their collaboration. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 
REFERENCES 
 
1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome, Lancet. 2005;1415-

1428.  
2. Jamoussi H, et al. Metabolic syndrome in tunisian obese children and adolescents, La 

Tunisie Medicale. 2012;90(1):36-40 
3. Reaven G. Banting lecture 1988: role of insulin resistance in human disease. 

Diabetes. 1988;1595-1607. 
4. Morrison JA, et al. Development of the metabolic syndrome in black and white 

adolescent girls: A Longitudinal Assessment, Pediatrics. 2005;1178-1182. 
5. Expert panel on detection, evaluation and treatment of high blood cholesterol in adults 

(Adults Treatment Panel III), executive summary of the third report of The National 
Cholesterol Education Program (NCEP) expert panel on detection, evaluation and 
treatment of high blood cholesterol in adults (Adult Treatment Panel III), JAMA. 
2001;2486-2497.  

6. Expert panel on detection, evaluation, and treatment of high blood cholesterol in 
adults, third report of the National Cholesterol Education Program (NCEP) expert 
panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult 
Treatment Panel III) final report, Circulation. 2002;3413-3421. 

7. Albeti KG MM, Zimmet PZ, Shaw JE. The metabolic syndrome-a new world-wide 
definition from the International Diabetes Federation Consensus, Lancet. 2005;1059-
1062. 

8. Balkau B, Charles MA, Drivsholm T,  et al. European Group For The Study Of Insulin 
Resistance (EGIR): Frequency of the WHO metabolic syndrome in European cohorts, 
and an alternative definition of an insulin resistance syndrome, Diabetes Metab. 
2002;364-376. 

9. World Health Organization, Definition, Diagnosis, and Classification of Diabetes 
Mellitus and its Complications: Report of a WHO Consultation, Geneva, WHO; 1999. 

10. G Csabi, K Torok, D Molnar. Emergence of the metabolic syndrome in childhood: an 
epidemiological overview and mechanistic link to dyslipidemia., Eur J Pediatr. 
2000;91-94. 

11. Weiss R, Dziura J, Burgert TS, et al, Obesity and the metabolic syndrome in children 
and adolescents, N. Engl. J. Med. 2004;2362-2374. 

12. Yoshinaga M, et al., Metabolic syndrome in overweight and obese Japanese children, 
Obes Res. 2005;1135-1140. 

13. LiY, et al. Prevalence of the metabolic syndrome in Chinese adolescents, British 
Journal of Nutrition. 2008;565-570. 

14. Mehairi AE, et al, Metabolic Syndrome among Emirati Adolescents: A School-Based 
Study. PLoS One.2013;8(2):7. 



 
 
 
 

British Journal of Medicine & Medical Research, 4(13): 2483-2493, 2014 
 
 

2492 
 

15. SD de Ferranti, Gauvreau K, Neufeld EJ, Newburger JW, Rifai N, Prevalence of the 
Metabolic Syndrome in American adolescents, Circulation. 2004;(110):2494-2497. 

16. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH, Prevalence of a metabolic 
syndrome phenotype in adolescents: findings from the third National Health and 
Nutrition Examination Survey. 1988-1994. Arch. Pediatr. Adolesc. Med. 
2003;157(8):821-827. 

17. Zimmet P, et al. The metabolic syndrome in children and adolescents–an IDF 
consensus report, Pediatric Diabetes. 2007;299-306. 

18. Kohen-Aramoglu R, Theriault A, Adelik, Emergence of the metabolic syndrome in 
childhood: an epidemiological overview and mechanistic link to dyslipidemia, Clin 
Biochem. 2003;413-420,  

19. Pan Y, Pratt CA. Metabolic syndrome and its association with diet and physical activity 
in US adolescent, J. Am. Diet. Assoc. 2008;108(2):276-286, 

20. Alvarez MM, Vierira AC, Sichieri R, Veiga G V da, Prevalence of metabolic syndrome 
and of its specific components among adolescents from Niterói City, Rio de Janeiro 
State, Brazil. Arq Bras Endocrinol Metab. 2011;164-170. 

21. Kamadjeu RM, et al. Anthropometry measures and prevalence of obesity in the urban 
adult population of Cameroon: an update from the Cameroon Burden of Diabetes 
Baseline Survey, BMC Public Health. 2006;6:228. 

22. Fezeu LK, et al. Ten-year changes in central obesity and BMI in rural and urban 
Cameroon, Obesity (Silver. Spring. 2008;1144-1147. 

23. Dapi LN, Janlert U, Nouedoui C, Stenlund H, Haglin L, Socioeconomic and gender 
differences in adolescents' nutritional status in urban Cameroon, Africa. Nutr. Res. 
2009;29(5):313-319. 

24. Kengne AP, Amoah AG, Mbanya JC. Cardiovascular complications of diabetes 
mellitus in sub-Saharan Africa, Circulation. 2005;3592-3601. 

25. Kengne AP, Dzudie A, Sobngwi E, Heart failure in sub-Saharan Africa: a literature 
review with emphasis on individuals with diabetes, Vasc. Health Risk Manag. 
2008;123-130. 

26. Fezeu L, Balkau B, Kengne AP, Sobngwi E, Metabolic syndrome in a sub-Saharan 
African setting: central obesity may be the key determinant, Atherosclerosis. 2007;70-
76. 

27. Proctor MH, et al., Risk profiles for non-communicable diseases in rural and urban 
schoolchildren in the Republic of Cameroon, Ethn. Dis. 1996;6(3-4):235-243.  

28. Dapi LN, Nouedoui C, Janlert U, Haglin L. Adolescents food habits and nutritional 
status in urban and rural areas in Cameroon, Africa'. 2005;49(4):151-158. 

29. Said-Mohamed R, Allirot X, Sobngwi M, Pasquet P, Determinants of overweight 
associated with stunting in preschool children of Yaounde, Cameroon, Ann. Hum. Biol. 
2009;36(2):146-161. 

30. World Health Organization: World Health Report 2002: Reducing Risk, Promoting 
Healthy Life," Geneva, WHO; 2002. 

31. National High Blood Pressure Education Program, Diagnosis, Evaluation, and 
Treatment of High Blood Pressure in Children and Adolescents. 1996;50. 

32. A Tran, et al. Prevalence of Metabolic Syndrome among Working Adults in Ethiopia, 
International Journal of Hypertension. 2011;8. 

33. Motala AA, Mbanya JC, Ramaiya KL. Metabolic syndrome in sub-Saharan Africa, 
Ethn. Dis. 2009;19,(2):2-8. 



 
 
 
 

British Journal of Medicine & Medical Research, 4(13): 2483-2493, 2014 
 
 

2493 
 

34. Smith C, Essop MF. Gender differences in metabolic risk factor prevalence in a South 
African student population. Cardiovasc J Afr. 2009;20(3):178-182. 

35. Pokin BM, Adair lS, Ng SW, NOW AND THEN: The Global Nutrition Transition: The 
Pandemic of Obesity in Developing Countries, Nutr Rev. 2012;70(1):3-21. 

36. Directorate of Statistics and National Accounts, State Structure and Population 
Demographic Indicators, National Institute of Statistics; 2011. 

 
© 2014 Ngo-Song et al.; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=435&id=12&aid=3615 
 


