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Introduction:
Obesity and overweight are defined by an excessive or abnormal accumulation of fat present in the
body. A recent study from 2017 reported the change in prevalence of BMI categories in children and
adolescents aged 5-19 years from 21 major regions of the world or 200 countries, that the increase in
body mass index (BMI) in some parts of the world has been rapidly increased, according to the same
source statistics refer to more than 340 million children and adolescents between the ages of 5 and 19
years were overweight or obese in 2016. This global prevalence was around 4% in 1975 and
remarkably increased in 2016 until it reached 18% (Bentham et al., 2017). In 2004 overweight and
obesity were the fifth leading risk factor for death worldwide such that in 2019 ischemic heart disease
was the leading cause of death worldwide with at least a 23% burden attributable to overweight and
obesity (WHO,2009). The risk that an obese child will remain obese in adulthood has been
demonstrated by numerous studies, with a probability of persistence of obesity into adulthood of up to
70% (Heude & Charles, 2001; Vanhala et al., 1998; Whitaker et al., 1997). Numerous etiological studies
have investigated the risk factors associated with obesity. A study in Afghanistan found that age, gender,
education, smoking, type of job, and dietary habits were significantly associated with obesity (Saeed,
2015). Another evidence from research conducted in Turkey reported that the student's school level,
the father's education level, and the geographical location of the school were determined as factors
associated with overweight and obesity (Meydanlioglu et al., 2022). In a literature review of published
works on risk factors associated with obesity, Susann Weihrauch-Blühe, in addition to the abovementioned factors, indicates the lack of physical activity, sedentary behavior, socioeconomic status,
duration and quality of sleep, obesogenic environment, marketing and advertising of energy-dense
foods, as factors leading to overweight (Weihrauch-Blüher & Wiegand, 2018). local data report the same
risk factors associated with obesity but different prevalence rates (Azekour et al., 2020; el Kabbaoui et
al., 2018a; Nouayti et al., 2020a; Sebbani et al., 2013a). Hence the need to identify obese children or
children at risk of becoming obese from an early age so that they can be managed as early as possible.
The present study aims to remedy this situation by estimating the prevalence of the double burden of
malnutrition, mainly overnutrition and undernutrition, and highlighting the factors associated with it

in a population of adolescents attending public and private schools in a city in eastern Morocco (Taza).
Our study is a pioneer in this city.
Methods:
Type of study and characteristics of the population:
The present study is a cross-sectional study based on a face-to-face survey. The survey was conducted
from May 13, 2019, to October 21, 2019. Eight public and three private schools were sampled at
random, and then classes were randomly selected from each school. The number of subjects needed
(NSN) was calculated using the Schwartz formula n = (1.96) ² x (0.5) (1-0.5) / (0.05) ² = 384.16 which
was rounded to 385 to this number 20% was added to compensate for the missing value questionnaires
i.e. NSN=462 The questionnaire was anonymous and was distributed to 462 adolescents by a previously
trained team and was filled in individually by the students in the presence of a dietician who was also
responsible for anthropometric measurements and clinical examination. In addition to sociodemographic information, our items included eating and sleeping habits as well as physical activity.
Inclusion and exclusion criteria:
After the questionnaires were examined, the following were excluded from the analysis:
- Forms that contained missing or unreadable data.
- Subjects who did not meet our age criteria (10-20 years).
- Subjects with edema during the clinical examination by the dietician.
- Subjects who completed the questionnaire and did not want their weight and/or height taken.
Otherwise, all students who came to the classroom for the questionnaire and anthropometric
measurements and whose parents or guardians agreed to participate in the survey were included in the
study.
Variables measured during the interview:

The respondent's weight was measured with an electronic scale (Beurer PS160) with an accuracy of
100g. The choice of the survey period is justified by the weather conditions (spring-summer) of this
period of the year when the subjects were lightly dressed. The weight is expressed in kilograms. Height
was measured with a wall-mounted height gauge (Seca 206) that could be read to the nearest 220 cm
in the standing position and was expressed in centimeters.
Body mass index (BMI) for age was calculated for all respondents, which was determined by a Z-score
calculated by WHO AnthroPlus software, based on height, weight, sex, date of birth, and date of
measurement. The new WHO growth standards were used to assess the rate of obesity and overweight
in children (Overweight: >+1 z (equivalent to BMI of 25 kg/m2) and Obesity: >+2 z (equivalent to BMI
of 30 kg/m2)) (WHO, 2007).
Ethical considerations:
All precautions according to the Declaration of Helsinki (Finland, June 1964) were taken to protect the
privacy and confidentiality of the personal information of those involved in the research [13]. Informed
consent was obtained from the guardians, who were properly informed of the objectives, methods, and
institutional affiliations of the researchers. Authorization to conduct the survey in public schools in the
province of Taza was obtained from the provincial delegation of the Ministry of National Education. The
directors of the institutions were informed one week before the visit. The interview took place during
a Day-Off for students.
Statistical analysis:
Analysis of the data was carried out using SPSS version 25 software and WHO Anthroplus version 1.04
software. Quantitative variables were expressed as means and standard deviations, and qualitative
variables were expressed as frequencies and percentages. Based on the reference standards established
by the WHO in 2007 according to gender and age. Adolescents were classified into 4 categories:
underweight (Z Score < -2 standard deviation: SD), normal weight (-2 SD < Z Score < +1 SD), overweight
(> +1 SD and < 2 SD), and obese (> +2 SD) (WHO, 2007). An association test was used to highlight
possible risk factors controlling for weight gain.

Results:
Characteristics of the studied population:
A total of 411 students were interviewed. The average age was 16.23±1.82 years. The ratio of boys to
girls was approximately 1.12:1. The mean height was 165.26 ± 9.86 cm. The mean weight was
55.47±11.3 kg. The age group (15-19 years) was the most represented with 81% of the subjects
(N=337) against 19% for the age group (10-14 years). The characteristics of the sample are given in
Table 1.
Table 1: Characteristics of respondents by gender.
Means ± Standard deviations
Age (Years)

Female
16±1

Male
17±2

Combined
16.23±1.82

Height (cm)

162.34±6.70

167.85±11.39

165.27±9.86

Weight (Kg)

53.25±9.86

57.44±12.13

55.47±11.30

BMI (Kg/m2)

20.13±2.92

20.21±2.75

20.17±2.83

Weight status assessment:
The prevalence of underweight, overweight, and obesity was assessed based on the new 2007 World
Health Organization references. The underweight prevalence was 11.4% (95% CI [6.9%; 16%]), the
overweight prevalence was 7.3% (95% CI [4.7%; 9.9%]), and the obesity prevalence was 1.7% (95% CI
[0.2%; 3.5%]). The distribution of the different BMI categories by sex revealed an increase in the
proportions of overweight and obesity in women (Table 2).

Table 2: Distribution of different BMI categories by gender
BMI/age (%)
Age
groups
(1014)
(15-19)

Sample
size
N
74

Underweight
Z Score < - 2 SD
0

Normal weight
Overweight
Obesity
-2 SD < Z Score < + +1 SD < Z Score < Z Score > +2 SD
1 SD
+2 SD
78.3
14.9
6.8

337

14

79.8

5.6

0.6

The classification of these categories into two age groups, 10-14 and 15-19 years, revealed a higher
prevalence of overweight and obesity among younger subjects, 14.9% and 6.8%, respectively,
compared with only 5.6% and 0.6% among older subjects (Table 3)
Table 3: Distribution of different BMI categories by age group
BMI categories

Total (%)
N=411
boys (%)
N=193
Girls (%)
N=218

Underweight
11.4

Normal weight
79.6

Overweight Obesity
7.3
1.7

12.9

77 .8

8.3

1

10.1

81.2

6.4

2.3

Weight gain and associated factors:
The World Health Organization has reported that most of the world's population lives in countries
where overweight and obesity kill more people than underweight. To identify the risk factors associated
with weight gain among the adolescents in our study, we performed a Pearson Chi-square test, the
results obtained are listed in Table 4 .
After checking the relationship between the dependent variable which is weight gain and the other
independent variables: Gender, age class, smoking, number of family members sharing the same home,
sleep disturbance, consumption of fast food, type of residence, type of education sector, physical
activity, the Odds ratio was calculated for the variables that presented a significant association with the

dependent variable. Odds ratio analysis revealed that the number of people sharing the same household
has a strong influence on weight gain, as adolescents who share their home with only 2 people are 61
times more likely to gain weight than adolescents who live with 3 or more people in the same household
(OR 61.11 CI 18.96;196.97). Type of residence was also found to be a risk factor for weight gain;
adolescents living in urban areas were 6 times more likely to gain weight than those living in rural areas
(OR= 6.11 CI: 1.39; 26.82). Adolescents who do not consume fast food are less likely to gain weight
(Odds Ration less than 1 (OR=0.014 CI: 0.003;0.063). Regular strenuous physical activity was also a
protective factor against weight gain (OR=0.278 CI: 0.080;0.969).
Table 4: Chi-square test for the dependent variable (weight gain) and possible risk factors for weight
gain
Variables
Gender

Overweight
Yes
No
5.2%
94.8%
4.1%
95.9%
1.5%
98.5%
5.2%
94.8%
5.7%
94.3%
4.4%
95.6%
2 58.8%
41.2%

Female
Male
Age range
10 to 14 years
15 to 19 years
Smoking
Yes
No
Family members in the same Maximum
of
home
persons
More than 2 persons
Sleep disturbance
Yes
No
Fast-Food consumption
At least once per
week
Never
Location of residence
Rural areas
Urban areas
Educational sector
Private
Public
The practice of intense Yes
physical activity
No

2.3%
0.0%
5.7%
28.8%

97.7%
100.0%
94.3%
71.2%

0.6%
1.2%
6.9%
8.1%
4.3%
1.9%
6.4%

99.4%
98.8%
93.1%
91.9%
95.7%
98.1%
93.6%

Pearson Chi-square
Risk alpha =0.05
X2
df p-value
0.257
1 0.612
1.836

1

0.175

0.228

1

0.633

118.154

1

0.000

4.593

1

0.032

91.431

1

0.000

7.379

1

0.007

1.120

1

0.290

4.571

1

0.033

Table 5: Results of binary logistic regression regarding possible risk factors of weight gain among our
sample (N=411)
Odds Ratio
Value
Family members in the same home
Sleep disturbance
Fast-Food consumption
Location of residence
The practice of intense physical activity

61.111
1.060
0.014
6.114
0.278

confidence interval
Lower

Higher

18.960
1.033
0.003
1.393
0.080

196.970
1.089
0.063
26.828
0.969

Discussion :
The present study revealed a prevalence of overweight at about 7.3% and 1.7% of obesity. Our results
are in line with those found at the Moroccan level, El Kabbaoui M. et al. in a sample of 1818 adolescents
aged 12 to 18 years found a prevalence of overweight and obesity respectively of 7.29% and 3.41% (el
Kabbaoui et al., 2018b). M. Sebbani reported respective prevalences of overweight and obesity of 8%
and 3% among 1418 school children in the city of Marrakech (Sebbani et al., 2013b). In a context similar
to ours in the eastern region of Morocco, the authors reported values of 12.2% of overweight and 3%
of obesity according to the references of the International Obesity Task Force (IOTF) (Nouayti et al.,
2020b). At the regional level, a recent study (2016) in Tunisia conducted on a sample of 715 college
students revealed slightly higher proportions of obesity and overweight compared to our study
respectively 17.4% and 6.1% (Badr et al., 2018). In Algeria Mesli, F. reported a prevalence of 10%
overweight and 3% obesity (Mesli & Raiah, 2013). The prevalence of underweight, overweight, and
obesity in Palestinian school-aged children was approximately 7.3%, 14.5%, and 15.7%, respectively
(Al-Lahham et al., 2019). At the international level, in a literature review conducted by Juan Ángel
Rivera in 2014 that involved school-age adolescent populations in Latin America, the proportions were
alarming ranging from 12.9% to 24.4% for overweight and 3.4% to 34.8% for obesity between the years
2002 and 2012 (Rivera et al., 2014). In all the above studies including our study, the percentage of obese
girls is higher than that of boys. These results are consistent with the work of Hoffman (Hoffman et al.,

2006) and Economos et al (Economos et al., 2008). On the other hand, this finding is not consistent with
the results of Shuhan Jiang (Jiang et al., 2018) and Cluskey M. (Cluskey & Grobe, 2009). The difference
observed according to sex in our context can be explained by the differences in growth and hormonal
secretions during this period of life which follows puberty as well as by socio-cultural factors. Moreover,
the movement outside the home and therefore more physical activity and energy expenditure to do the
shopping is much more granted to boys than to girls, boys are more dynamic in their games than girls
whether in the school environment or on the days of vacation. The search for risk factors controlling
weight gain in our population allowed us to inventory the number of family members in the same
residence as a risk factor, in fact; adolescents who live only with their parents and have no more siblings
have 61 times more risk of developing obesity, this same result was found by a study conducted in
Turkey which showed that the risk of becoming obese among children who have only 1 or two
brothers/sisters is 69.2% and decreases to 18. 2% for those who have more than three siblings
(Ayyildiz et al., 2014), this association may be explained by the food ratio which is largely sufficient in
the first case (co-residence with 2 people at most), and the effect of sharing food when the number of
family members exceeds 2 people. In our study, the association between physical activity and weight
gain was weak (p=0.032) with an Odds ratio lower than 1 (OR= 0.278 CI: 0.080;0.969) which means
that physical activity is a protective factor against weight gain. Recent studies confirm this result found,
Juozas R. 2016 and Patrick Ip. 2017 reveal a reduction in the risk of obesity associated with the number
of physical activity programs as well as obese and overweight children were less physically active (Ip
et al., 2017; Raistenskis et al., 2016). The impact of another factor has been highlighted, that is the type
of place of residence; indeed, urban adolescents are more exposed to weight gain, this same result was
reported in a meta-analysis including 204,597 students from 42 Californian departments by Strochlic
R. (Strochlic et al., 2017). However, our result is not consistent with that of Lewis et al. who found that
students residing in rural settings are 23% more likely to gain weight compared to those residing in
urban settings (Lewis et al., 2006). The mode of action of this risk factor is not well known, since many
studies have affirmed the absence of a significant difference in terms of physical activity practice
between rural and urban areas (Bathrellou et al., 2007; Tognarelli et al., 2004), so apart from physical
activity, other mechanisms could come into play such as the time spent outside the home, which in our

context is very reduced in disadvantaged rural areas due to the absence of electricity and public lighting,
and therefore, less physical activity, which explains the result found regarding physical activity practice.
The availability of food differs in terms of quantity and quality between urban and rural areas; the urban
area is characterized by the abundance of ultra-processed foods which, although rich in energy, have a
very low nutritional value. Many studies have emphasized the association between the consumption of
ultra-processed foods and weight gain (de Deus Mendonça et al., 2016; Juul et al., 2018)Our study
confirms this finding, the chi-square test showed a strong association between fast food consumption
and weight gain, however the Odds Ratio shows an advantage in favor of non-consumers of fast food
(OR=0.014 CI: 0.03; 0.063). The abundance of grocery stores that offer ultra-processed foods near
schools in the urban environment seems to explain the increased prevalence of overweight among
urban adolescents. Sleep disturbance is no longer a risk factor in our study although the chi-square test
showed a significant relationship, the odds ratio was in the order of 1 this means that the two groups
that have good sleep quality and poor sleep quality have the same risk of gaining weight, this contradicts
the result of Guieu, J.- D who established a causal link between sleep deprivation and weight gain
(Chaput et al., 2011). Chi-square analysis did not show a significant association between gender, age,
smoking, and education sector on the one hand and weight gain on the other. From this observation,
the study of a few risk factors in isolation, i.e., the absence of synergy or antagonism between these
different factors, seems to be both a limitation of our study and a research perspective. Another
limitation of the study was the random cluster sampling method, as the clusters were not of equal size
due to the application of exclusion criteria. However, all strata were represented: the rural, urban,
female, male, public, and private sector. The early age (10 years) of some subjects in our sample was a
limiting factor for the use of appropriate questionnaires for the assessment of dietary habits such as the
FFQ (Food Frequency Questionnaire) or the assessment of physical activity such as the IPAQ
(International Physical Activity Questionnaire). These limitations may provide insights for future
duplications of this study in other regions. Anthropometric measurements and clinical examination by
a nurse dietician using daily calibrated equipment are the strong points of this study.
Conclusion

The double burden of malnutrition characterized by the coexistence of obesity and underweight is a
reality in Taza. The identification of other risk factors related to this public health problem and the
elucidation of their mechanisms of action is strongly recommended for their prevention and treatment.
It is therefore urgent to take community action, such as promoting healthy food choices by taxing
unhealthy foods, implementing obligatory standards for meals in canteens and school catering,
increasing daily physical activity in schools, as well as banning the advertising of unhealthy foods to
children. To achieve lasting success and end the obesity epidemic, it is imperative to restructure obesity
interventions by fighting against obesogenic environments. There is a need for immediate intervention
because moderate overweight in childhood is associated with a significantly increased risk of type 2
diabetes and cardiovascular disease in adulthood.
List of abbreviations:
BMI: Body mass index
CI: Confidence interval
IOTF: International Obesity Task Force
NSN: Number of subjects needed
OR: Odds ratio
WHO: World Health Organization
SD: Standard deviation
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