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Abstract.

OBJECTIVE: To determine the prevalence of overweight and obesity in Algerian adolescents and investigate the associated
cardiometabolic complications.

METHODS: The study was conducted in the city of Constantine (Algeria). The population included 1100 schooled adoles-
cent, aged 12—18 years, randomly selected. All had anthropometric measurements, and 989 had blood tests. The BMI was
calculated and the prevalence of overweight and obesity was determined using the International Obesity Task Force reference
values.

RESULTS: 179 (16.3%) adolescents were overweight including 74 boys (13.8%) and 105 girls (18.6%), 51 (4.6%) adolescents
were obese including 25 (4.6%) boys vs 26 (4.6%) girls (p=0.09). Overweight and obese adolescents had higher systolic
blood pressure/diastolic blood pressure (p=0.001/p <0.0001) and abnormal blood lipid levels. Furthermore, the HOMA
index was higher in overweight and obese adolescents (p <0.0001).

CONCLUSION: These findings show a high prevalence of overweight and obesity in a population of Algerian adolescents
leading to significant cardiometabolic abnormalities.

Keywords: Overweight, obesity, adolescents, cardiometabolic complications, insulin resistance, Algeria

1. Introduction

Obesity and overweight are among the leading health issues in both developed and developing countries
worldwide. The prevalence of obesity is now reaching epidemic levels. For instance, in 2014, more than 1.9
billion adults (39% of the world population) were overweight including over 600 million adults (13% of the
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world population) considered to be obese. In addition to that, it is estimated that 41 million children under the
age of 5 years are overweight, of whom approximately 31 million are from developing countries [1]. In 2013,
an estimated 23.8% of boys and 22.6% of girls from developed countries were overweight or obese compared
to only 12.9% of boys and 13.4% of girls who were overweight or obese in developing countries [2]. However,
the prevalence of child obesity is increasing in developing countries due to newly adopted westernised lifestyle
habits such as the consumption of high energy and density foods and having a sedentary lifestyle which leads to
negative health and socioeconomic outcomes [2—6].

Similarly as in adulthood, obesity can have several metabolic and cardiovascular complications in childhood
[7-14]. These complications are mainly the consequence of insulin resistance (IR) and hyperinsulinemia, which
are the most common metabolic abnormalities in obesity [9, 12, 15]. Furthermore, obese children and adolescents
are at risk of remaining obese at adulthood and thus, developing future cardiometabolic diseases [9, 13, 15-17].

Finally, the financial burden of these complications is significant. In a recent German study, lifetime excess
costs were estimated to be higher among adults who were overweight or obese during their childhood. The study
showed that for 18-years old women (men) who have been overweight or obese during their childhood (from
age 3 to 17 years old), undiscounted lifetime excess costs are estimated at €19,479 (€14,524) [18].

The aim of this study was to estimate the prevalence of overweight and obesity in Algerian adolescents and
to investigate their association with cardiometabolic abnormalities.

2. Methods

The study period was from March 10th, 2007 to April 28th, 2007. The studied population included 1100
schooled adolescents, aged 12 to 18 years old, from the Constantine schools in Algeria.

2.1. Sample selection

Adolescents were randomly selected at three distinct stages using a random survey. The stages included the
school (high school, middle school), the classroom and then the students. The schools were classified according
to their institution numbers (provided by the city’s education board, from 1 to 26 for high schools and from 1 to 56
for middle schools). For the first selection stage, 13 high schools and 14 middle schools were randomly selected
with a sampling fraction of 0.5 and 0.25, respectively. A similar method was used to select the classrooms and
students according to lists, including fixing a sampling rate. A total of 1100 adolescents [537 boys (49%) and 563
girls (51%)] aged12 to 18 years were selected. All had a physical examination, and blood tests were performed
in all but 111 students who were afraid of needles or absent on the day of blood sampling.

2.2. Survey, anthropometric and blood pressure measurements

All adolescents completed a non anonymous self-administered questionnaire and had anthropometric mea-
surements.

The survey included information about civil status, personal and family medical history and lifestyle habits
especially the consumption of sweetened snacks and the practice of regular physical activity (defined by at least
60 minutes per day of moderate to intense physical exercise, 5 days a week) [14, 19].

Anthropometric measurements were conducted in physical examination rooms by general practitioners (GPs)
and school doctors. Measurements included the height (without shoes) to the nearest 0.1 cm using a portable
Stadimeter (Leicester Height Measure, Seca Limited, Birmingham, UK), and the weight (wearing light indoor
clothing and no shoes) to the nearest 0.1 kg using standard scales (Seca Ltd). BMI was then calculated according
to standard formula (weight/height?, kg/m?). We used the definition of overweight and obesity in children and
adolescents according to The International Obesity Task Force (IOTF) standards [20]. Waist circumference was
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measured in the standing position, to the nearest 0.1 cm, using a special measuring tape with an automatic roll-up,
placed mid-distance between the costal edge and the iliac crest [21].

Blood pressure (BP) was measured in accordance with international guidelines [22], at three different times,
with a sphygmomanometer and an adapted cuff, after 5 minutes of rest and in a sitting position. The mean value
was then calculated.

Detailed methods were given in a previous paper [23].

2.3. Blood analysis

All fasting blood tests (12 hours) were performed between 8 and 9 am and immediately transferred to the
laboratory. Blood analysis included: fasting glucose level, triglycerides, total cholesterol, HDLc, using enzymatic
methods with an automatic analyser (ADVIA IMS system). LDLc was then calculated according to the Friedwald
formula.

Reference values for hyperglycemia and dyslipidemia in children and adolescents are based on International
Diabetes Federation (IDF) criteria and guidelines from the North American National Cholesterol Education
Program [24, 25].

Furthermore, insulin was measured by the automatic analyser AxSym using enzymatic methods (micropar-
ticule enzyme immuno assay: MEIA). The Homeostasis Model Assessment (HOMA) for estimating insulin
resistance, was calculated by the following formula: [Fasting insulin (wU/mL) x Fasting plasma glucose
(g/1) x 5.5]/22.5 [26]. However, there are no definite cut-off points for HOMA values to define insulin resistance,
so we chose the value 3, the average reported in several publications [27-30].

2.4. Statistical analysis

Data analysis was performed using SPSS software (version 15.0). Results were expressed as percentages and
mean + SD. Comparisons between groups used ANOVA for continuous variables and x? and Fisher exact tests
for categorical variables. The statistical significance threshold used for this study was P <0.05.

2.5. Ethical considerations

The study was approved by the Constantine health authorities and the institutional review board. An informed
consent was signed by parents or legal guardians of the adolescents before participating in this research.

3. Results

The mean age of adolescents was 15.5 1.8 years. 179 (16.3% of the studied population) were overweight
(74 boys and 105 girls) and 51 (4.6%) were obese (25 boys and 26 girls). There was no statistically significant
difference according to gender (13.8% of boys, 18.6% of girls were overweight and 4.6% of boys, 4.6% of girls
were obese (p=0.09).

There was a statistically significant correlation between overweight classification and age: the largest frequency
of overweight was observed in adolescents aged 15 and 16 years old, while obesity was more frequent between
12 and 15 years (p =0.036).

A family history of excess weight was present in 40.2% of overweight and 68.6% of obese adolescents,
compared to only 24.9% among normal weight adolescents (p <0.0001). 73.8% of adolescents with normal
weight reported consuming sweet snacks compared to only 68.7% of overweight and 56.9% of obese adolescents
(p=0.009). Furthermore, 60.9% of overweight and 74.5% of obese adolescents declared practicing regular
physical compared to only 63.9% of normal weight adolescents (p <0.0001).
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Systolic blood pressure (SBP) and Diastolic blood pressure (DBP) were more elevated in both overweight and
obese adolescents compared to adolescents with normal weight (p =0.001 and <0,0001 respectively).

The percentage of adolescents with fasting plasma glucose levels >1 g/l was higher among both normal
weight (8.9%) and overweight groups (10%) (p =0.21). The percentage of adolescents with plasma triglyceride
levels >1.1 g/l or HDLc <0.4 g/l was higher in overweight groups (19.7%, 17.3%) compared to normal weight
(9.2%, 7.8%) and obese groups (10.2%, 8.3%) (p =0.001). Overweight adolescents had also higher total choles-
terol and LDLc levels compared to other groups. Finally, both overweight and obese adolescents had higher mean
HOMA index and insulin resistance defined by a HOMA index >3, compared to normal weight groups (HOMA:
3.41£2.03 in obese, 2.61 + 1.21 in overweight, 1.84 & 0.92 in normal weight adolescents, p <0.0001; 41.7%
of obese, 30% of overweight, and 12.4% of normal weight adolescents had HOMA >3, p=0.012) (Table 1).

4. Discussion

Obesity is one of the leading global healthcare issues in the 21st century. The obesity epidemic also affects
children and adolescent populations with the increasing prevalence of overweight and obesity in these age groups
[2]. Multiples studies on preschool children have demonstrated an increase in the prevalence of obesity especially
in Latin America, the Caribbean, the Middle East and North African countries compared to the United States
[4]. Also, the prevalence of overweight children is higher in urban areas compared to rural environments. Is has
also been demonstrated that the prevalence of overweight children is higher in female populations and within
private schools compared to public schools [4]. Furthermore, the ethnic background is an important determinant
of prevalence of adolescent and child obesity [31-33].

This study included 1100 adolescents from the city of Constantine, of whom 16.3% were overweight and 4.6%
obese. These proportions are comparable to the estimated percentages of obesity and overweight adolescents from
the Maghreb and North African regions. However, these proportions are lower than estimations in populations
from Gulf countries, the United States and Europe (especially Mediterranean European countries, and the United
Kingdom) [3-5, 7, 31, 34-38]. A study in the Netherlands estimated the prevalence of overweight and obesity
in Moroccan descendants aged under 21 years old, according to IOTF criteria, at 15.8% and 3.1% respectively
in boys compared to 24.5% and 5.4% respectively in girls [36]. In France, a study showed that the prevalence
of obesity was higher in French born children with Maghrebi origins, especially in girls [39]. In Australia, a
study conducted on a Sidney multiethnic population of 3645 children aged between 5 and 12 years old showed
that children of Mediterranean descendants had higher BMISs, followed by children with North European origins
and those from mixed ethnics (Caucasian and Asian). The study also showed that Asian children had the lowest
calculated BMI levels [40]. In the USA, while the overall rate of child and adolescent obesity had stabilized
over the last decade, obesity rates continue to increase in certain populations, such as African American girls
and Hispanic boys. These ethnical differences in the prevalence of obesity are likely due to both genetic and
non-genetic factors, for example: socioeconomic level, the consumption of sweetened beverages and fast food,
and having a television in the bedroom [31]. In fact, the rapid rise in the prevalence of obesity in these populations
demonstrates the influence of environmental factors [3, 4, 10].

The present study shows that obese and overweight adolescents have family history of obesity, practice more
physical activities and consume lower amounts of sweetened snacks. It also suggests that the influence of family
history and genetic factors is stronger than environmental factors for the development of obesity. In fact family
history of obesity may result from unhealthy dietary habits, and we must consider the likelihood of some
underestimation of unhealthy habits with misdeclarations issued by the obese adolescents (as the surveys were
not anonymous). However the possibility of sudden changes in their lifestyle habits due to a better awareness of
their health risks is not excluded.

Additionally, we were surprised to observe the widespread of certain unhealthy lifestyle habits in the studied
adolescents of whom 73.8% of normal weight patients consumed regular sweetened snacks, which is an important
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Table 1
Clinical and biological characteristics of overweight and obese adolescents using International Obesity Task Force references.
Mean £ DS; N (%)

Parameter Total* Normal weight Overweight Obese P
Number 1100 870 179 51
Age (yrs)
12 123 89 (10.2%) 25 (14%) 9 (17.6%) 0.036
13 136 107 (12.3%) 22 (12.3%) 7 (13.7%)
14 164 127 (14.6%) 29 (16.2) 8 (15.7%)
15 177 127 (14.6%) 37 (20.7%) 13 (25.5%)
16 216 175 (20.1%) 35 (19.6%) 6 (11.8%)
17 180 157 (18.0%) 17 (9.5%) 6 (11.8%)
18 104 88 (10.1%) 14 (7.8%) 2 (3.9%)
Gender
Boys 537 (48.8%) 438 (50.3%) 74 (41.3%) 25 (49%) 0.09
Girls 563 (51.2%) 432 (49.7%) 105 (58.7%) 26 (51%)
Physical activity
Yes 703 (63.9%) 556 (63.9%) 109 (60.9%) 38 (74.5%) <0.0001
No 397 (36.1%) 314 (36.1%) 70 (39.1%) 13 (25.5%)
Family history of obesity
Yes 324 (29.5%) 217 (24.9%) 72 (40.2%) 35 (68.6%) <0.0001
No 776 (70.5%) 653 (74.9%) 107 (59.8%) 16 (31.4%)
Consumption of sweetened snacks
Yes 794 (72.2%) 642 (73.8%) 123 (68.7%) 29 (56.9%) 0.009
No 306 (27.8%) 228 (26.2%) 56 (31.3%) 22 (43.1%)
WC (cm) 74.5+10.6 71.1+7.5 83.8+9.3 98.5+10.6 <0.0001
1100
HC (cm) 89.6+10.3 87.1+8.5 96.9+9.4 107.6+£10.2 <0.0001
1100
WC/HC 0.83+0.072 0.82+0.06 0.87+0.80 0.92+0.60 <0.0001
1100
SBP (mmHg) 112+15 111+15 113+ 147 118+ 13 0.001
1100
DBP (mmHg) 67+11 66+ 11 69+ 11 7012 <0.0001
1100
PP (mmHg) 45+12 45+12 44412 47+9 0.29
1100
FPG (mg/dl) 89+8 89+£9 89+£8 89+7 0.97
987
FPG > 100 mg/dI** 86 (8.7%) 69 (8.9%) 16 (10%) 1 (2%) 0.21
CT (mg/dl) 155+30 153 +29 160 £ 30 154 £33 0.039
979
TG (mg/dl) 73+30 71+29 84 £33 77+29 <0.0001
980
TG > 1,1 mg/dI*** 107 (10.9%) 71 (9:2%) 31 (19.7%) 5(10.2%) 0.001

(Continued)
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Table 1
(Continued)
Parameter Total* Normal weight Overweight Obese P
HDLc (mg/dl) 67+26 67+25 64 +27 72+29 0.142
965
HDLc < 0,4 mg/dI*** 90 (9.3%) 59 (7.8%) 27 (17.3%) 4 (8.3%) 0.001
LDLc (mg/dl) 73+33 72433 79136 65138 0.026
958
Insulinemia (nIU/ml) 9.424+5.02 7.97+3.59 11.67 +£5.09 13.60 4+ 8.22 <0.0001
141
HOMA 2.16+£1.24 1.84 £0.92 2.61+1.21 3.41+£2.03 <0.0001
131 89 (67.9%) 30 (22.9%) 12 (9.2%)
HOMA>3 25 (19.1%) 11 (12.4%) 9 (30%) 5 (41.7%) 0.012

*Number of adolescents with data. Cut-offs for hyperglycemia and dyslipidemia in children and adolescents are based on International
Diabetes Federation (IDF) criteria®* and data from the North American National Cholesterol Education Program™** [24, 25]. The percentages
are calculated in the different classes: obesity, overweight, normal weight. WC: waist circumference, HC: hip circumference, SBP: systolic
blood pressure, DBP: diastolic blood pressure, PP: pulse pressure (calculated as the difference between systolic and diastolic blood pressure),
FPG: fasting plasma glucose, TC: total cholesterol, HDL-c: high density lipoprotein cholesterol, LDL-c: low density lipoprotein cholesterol,
TG: triglycerides, HOMA: Homeostasis Model Assessment for estimating insulin resistance, was calculated by the formula [Fasting insulin
(nIU/mL) x Fasting plasma glucose (g/1) x 5.5]/22.5, I0TF : International ObesityTask Force, HDL-cholesterol: to convert mg/dl to mmol/l
divide by 38.67. Triglycerides: to convert mg/dl to mmol/l divide by 88.5. Glucose: to convert mg/dl to mmol/l divide by 18.5.

risk factor for obesity. This contributed to the propagation of the global obesity epidemics [27] and can predict
a significant increase in the prevalence of obesity in Algeria in the future.

In this study, the number of obese and overweight girls was higher than the number of normal weight ado-
lescents (p=0.09). Adolescence is an important transition period starting from puberty. It is characterised by
marked physiological and hormonal modifications both in males and females. During puberty, adipose tissue is
increasingly stored in female breasts, hips and buttock areas, which is likely to account for the higher risk of
excess weight during adolescence in females than in males [10, 17].

Adolescence is also an important milestone for the development and incidence of comorbidities associated
with obesity in both males and females [10, 17, 25, 41]. SBP and DBP are higher in overweight and obese
adolescents compared to normal weight adolescents (p =0.001 and <0.0001 respectively) suggesting that BMI
is a risk factor that increased BP [8, 42, 43].

Overall, we identified more metabolic abnormalities in overweight than obese adolescents compared to a
French study [44], although the overweight population in our study may be considered as obese in other studies
that did not use IOTF definitions. These differences may be explained by the effect of genetic susceptibility or
the protecting role of fat deposition in subcutaneous tissues [15].

Furthermore, the HOMA index was higher and insulin resistance (defined by a HOMA index >3) more
prevalent in overweight and obese adolescents compared to normal weight adolescents, which indicates the
role of excess weight in the development of IR. Several metabolic and cardiovascular complications of obesity
can occur during childhood. They result mostly from IR and hyperinsulinemia which are the most common
abnormalities of obesity [8, 9, 11, 12, 15, 25]. Other studies have identified a correlation between increased BMI
and several components of the metabolic syndrome (MetS) [9, 15].

Obesity is associated with serious health outcomes during childhood and adolescence including mortality and
morbidity at the adult age [2, 9-12, 17, 45]. Also, 80% of obese children remained obese at the adult age [9].
Over half of obese children aged 6 years old and 70-80% of children aged over 10 years old remained obese at
the adult age, compared to only 10% of children of the same age with normal weight becoming obese at the adult
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age. This risk is increased if there is a family history of obesity [10, 12]. Obesity in childhood also increases
the risk of developing cardiovascular diseases and diabetes type 2 (DM?2) at the adult age. An important Danish
study with a long follow-up period of a cohort including over 14000 adult men and women with a known BMI at
the age of 7—13 years, demonstrated a linear relationship between BMI during childhood and the risk of coronary
heart disease at the adult age [16].

The MetS is also a major risk factor for the future development of DM2. In a study by Caprio, a population
of 102 obese children and adolescents with MetS showed that 31 children had glucose intolerance during
initial blood tests. After a follow-up period of 21 months, several emerging results were noted: in 1/3 of cases,
glucose tolerance was normalised and 1/3 of cases developed DM2. The most important risk predictors for the
development of DM2 in this population were the significant increase in body weight, insulin resistance and the
decrease in the first phase of insulin secretion at initial blood tests [9].

The current study has some strengths: the large size of the sample and the standardised measurement of
anthropometric measurements, and the biochemical measurements performed in a central laboratory. However,
some limitations should be acknowledged. The study was conducted in the city of Constantine, therefore it is
not fully representative of all Algerian adolescents, as it did not include those living in rural areas and those no
longer in school. In addition, HOMA index was determined in a limited part of the sample.

5. Conclusion

Obesity and overweight are alarming health risk issues that affect younger populations in developing countries
and increasing mortality and morbidity at an early age. Therefore, it is essential to establish an effective healthcare
strategy at a young age for the primary prevention of future complications.
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