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Abstract

Overweight and obesity during adolescence are a global public health concern due to their potential impact on health and their
increasing prevalence. The aim of this study is to determine the contribution of waist circumference and BMI in predicting
obesity among adolescents attending public and private schools in Niamey (Niger). This is a descriptive cross-sectional study
involving secondary school students aged 11 to 17. The survey is conducted from 1 April to 30 June 2021. For each student,
weight, height and waist circumference were measured, and body mass index (BMI) and waist-to-height ratio were calculated.
The 420 students enrolled, 193 were girls, giving a sex ratio (boys/girls) of 1.17. The average weight is 47.69+13.71kg. The
average weight of girls is 49.66+13.57, ranging from 20 to 121kg. The average weight of boys is 46.01+13.62, ranging from 22
to 129.4kg. In girls, waist circumference increases between the ages of 12 and 15, from 60.90412.93cm to 64.41+11.94cm, peaks
at age 16 (67.3849.58cm) and then decreases to 65.8148.62cm at age 17. Among boys, the trend is also upward between the ages
of 12 (58.6345.63cm) and 17 (63.7548.55cm). The waist-to-height ratio decreases between the ages of 12 and 17, with a rebound
at age 16 for both girls and boys. In boys, the WHtR decreases from 0.440.00 at age 12 to 0.3940.04 at age 15, rises to 0.414).05
at age 16 and then falls to 0.3940.05 at age 17. The decrease in WHtR during adolescence is very significant (p=0.02). Girls are
2.35 times more likely to be overweight than boys (p=0.29). Overweight is a public health problem among adolescents in schools.
It would be beneficial to integrate nutrition education into school curricula at an early stage. This could be an effective strategy
with a long-term impact on reducing the prevalence of obesity and other non-communicable diseases in Niger.
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1. Introduction

Obesity is a global public health problem [1, 2]. The preva-  affecting developing countries. Childhood obesity raises con-
lence of childhood obesity continues to rise and is increasingly
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cerns about obesity in adulthood and is responsible for a con-
siderable increase in cardiovascular morbidity and mortality
[3, 4]. More than half of the adult population is expected to be
overweight or obese by 2030 [5]. According to the latest WHO
report in 2022, 37 million children under the age of 5 were
overweight [5]. Among children and adolescents aged 5 to 19,
more than 390 million were overweight and 160 million were
obese [5]. As adolescence is a key period of development, ex-
cess body fat during this phase can have lasting repercussions
on physical and mental health. Among the anthropometric in-
dicators used to assess obesity, waist circumference is increas-
ingly considered a relevant marker of abdominal adiposity and
cardiometabolic risk [6, 7]. Unlike body mass index (BMI),
which does not differentiate between fat mass and lean mass,
waist circumference provides a more direct estimate of visceral
fat, which is associated with an increased risk of metabolic dis-
eases such as type 2 diabetes and hypertension [8].

In adolescents, changes in waist circumference are influ-
enced by various factors, including eating habits, physical in-
activity, socioeconomic status and genetic determinants.
Therefore, monitoring waist circumference, in addition to
BMI, appears to be an essential tool for the early detection of
abdominal obesity and the implementation of targeted inter-
ventions. This is why the present study aims to analyse the
contribution of waist circumference and BMI in predicting
obesity.

2. Methodology

This is a descriptive cross-sectional study involving sec-
ondary school pupils aged 11 to 17, conducted from 1 April to
30 June 2021 in Niamey, the capital of Niger. The study in-
volved female and male pupils from public and private sec-
ondary schools in municipal districts | and I11 of Niamey. It is
a cluster survey.

2.1. Setting, Population and Type of Study

There are two types of secondary schools in Niger.

- First-level secondary schools or General Education Col-
leges (CEG), whose pupils are commonly referred to as col-
leges.

- Secondary schools, whose students are commonly referred
to as Secondary school pupils.

This study is conducted in the General Education Colleges
(CEG) of the Niamey Urban Community in Niger. It involved
secondary school students aged 11 to 17.

This is a two-stage cluster descriptive cross-sectional study.
The first stage consisted of the five (05) municipal districts of
the Niamey Urban Community, and the second stage consisted
of lower secondary schools. The anthropometric parameters
of the students were measured. [9] A questionnaire on the pa-
rameters assessed is completed by all students participating in
the study. A semi-structured interview is conducted on the so-

cial stigma of obesity and involved a few students. Data col-
lection took place from 1 April to 30 June 2021.

2.2. Sampling

The urban community of Niamey is subdivided into five
municipal districts. We conducted a random draw from a box
containing five labels, and two labels were chosen at random,
corresponding to districts I and I1l. Commune | have 54 pri-
vate French-speaking general secondary schools and 15 public
ones, while Commune 111 has 28 private French-speaking gen-
eral secondary schools and 11 public ones. As for Franco-Arab
secondary schools, Commune | have 9 public establishments
and 12 private ones, while Commune 111 has 9 public estab-
lishments and 23 private ones. For each commune, two urns
were created, one containing all public and private French-
language general secondary schools and the other containing
all public and private Franco-Arab secondary schools. In each
urn, 10% of the schools were selected at random.

In each school selected at random, all classes at all levels
(6th, 5th, 4th, 3rd) were included in the study. In each class, 10%
of the students were selected at random to participate in the
study.

2.3. Determining Overweight

Two indicators, body mass index and waist circumference,
were used to determine the prevalence of overweight and obe-
sity among secondary school students. Overweight is usually
defined according to BMI, which is weight divided by height
squared, expressed inkg/m2. BMI = Weight (kg) Height2 (m?)
inkg/m?. In children aged 5 to 19, BMI is interpreted accord-
ing to age (growth curves for boys and growth curves for girls).

In this study, the intervals used were underweight (BMI <
3rd percentile), normal (3rd > BMI < 85th percentile), over-
weight (85th > BMI < 95th percentile), and obesity (BMI >
95th percentile). Overweight corresponds to a BMI for age
greater than one standard deviation above the median of the
WHO growth reference, and obesity corresponds to a BMI for
age greater than two standard deviations above the median of
the WHO growth reference [10]. Height is measured using a
wall-mounted height rod and weight is measured using a
SECA mechanical scale with a weighing capacity of 150kg
and an accuracy of 0.1kg.

Waist circumference (WC) and waist-to-height ratio
(WHTLR) are indicators of abdominal or visceral obesity [11].
W(C is measured with a tape measure in the horizontal plane.

2.4. Inclusion/Exclusion Criteria and Ethical
Considerations

All students regularly enrolled during the 2020-2021 school
year who agreed to complete the questionnaire and interview
guide were included in the study.

Students whose date of birth is unknown and students who
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were absent on the day of the survey were not included in the
study. No biological samples of any kind were collected. No
nutritional, dietary, health or biological interventions were
carried out. Participation in the study is voluntary. The in-
formed consent of the students was obtained.

2.5. Data Processing and Analysis

Data recording and analysis were performed using the fol-
lowing software: Excel 2010 (Microsoft Corporation, Red-
mond, USA), SPSS version 2025 IBM Corp (IBM SPSS Sta-

tistics for Windows. Armonk, NY: IBM Corp); Stata statis-
tical software, and Epi info 8 (Atlanta Centre for Disease
Control and Prevention (CDC)). Univariate and bivariate
analyses were performed for in-depth data analysis. The chi-
square test is used to compare variables, with a confidence
interval of 95% and a p-value < 0.05 for a significant test.

3. Results

Anthropometric characteristics of secondary school stu-
dents

Table 1. Anthropometric characteristics mean values of secondary school students in the urban community of Niamey.

Variables Total (N = 420)
Age (ans) 14,84+41,49
Weight (kg) 47,69+3,71
Waist (m) 1,5240,11

BMI (kg/m2) 20,26=4,59
WHIR (cm) 63,96:+11,77
Tour de Taille / Taille 0,4110,05

The number in parentheses indicates the number of subjects.

Table 1 presents the anthropometric characteristics of the
students. The average age of the students is 14.84+1.49 years.
The age of the girls ranges from 12 to 17 years and that of the
boys from 11 to 17 years. No significant difference was found
between the average age of boys and girls (p = 0.59). The av-
erage weight is 47.69#13.71kg, with girls weighing
49.66+13.57kg and boys weighing 46.01+13.62kg.

The average height is fairly consistent between the two
sexes, at around 152cm (p = 0.94). The shortest height (1.16
m) is measured in girls and the tallest height (1.87 m) in boys.
The average BMI-for-age is 20.26 £4.59kg/m=The average
BMI-for-age for girls is 21.20kg/m=2which is higher than that
for boys, 19.46kg/m3p = 0.0001).

The average waist circumference is 63.96+11.77cm. The
average waist circumference for girls is 64.87+10.01cm,
which is significantly higher than that for boys, 62.4249.08cm
(p = 0.0090). The average waist-to-height ratio is 0.41+0.05.
Itis 0.4140.06 for girls and 0.4040.05 for boys. The difference
is significant (p=0.005).

Prevalence of overweight and obesity according to waist
circumference among secondary school students.

Table 2 shows the average values of anthropometric param-
eters and indicators of overweight and obesity according to the
gender and age of secondary school students. In the age group
studied (11 to 17 years), weight and height increase very sig-
nificantly (p<0.05). BMI also increases, but especially among

Gils (N=193) Boys (N=227) p-value
14,794+ ,42 14,87+ ,54 0,590
49,6613,57 46,01 413,62 0,006
1,52 0,91 1,5240,13 0,944
21,20 +5,29 19,4643,73 0,0001
64,87410,01 62,4249,08 0,0090
0,4130,06 0,40490,05 0,005

girls. Thus, in girls, BMI increases from 19.9946.37 to
23.2044.19 between the ages of 11 and 16, then drops to
21.4145.54 at age 17 (p=0.007). In boys, BMI fluctuates. It
decreases from 20.3940.00 to 17.7242.16 between the ages of
11 and 13, rises to 20.9144.92 at age 16, and then decreases to
20.21+3.09 at age 17 (p=0.0001).

Waist circumference increases in both boys and girls, but
this increase is uneven, reaching a peak at age 16. In girls,
waist circumference increases between the ages of 12 and 15,
rising from 60.90412.93cm to 64.41+11.94cm, peaking at age
16 (67.3849.58cm) and then falling to 65.8148.62cm at age
17. Among boys, the trend is also upward between the ages of
12 (58.6345.63cm) and 17 (63.7548.55cm). However, there
are two peaks, the first at age 14 (63.67+10.77cm) and the sec-
ond at age 16 (66.75%10.56cm). The increase in waist circum-
ference between the ages of 11 and 17 is very significant
(p=0.000) in boys and reaches the threshold of significance in
girls (p=0.05).

The waist-to-height ratio decreases between the ages of 12
and 17, with a rebound at age 16 for both girls and boys. In
boys, the WHtR decreases from 0.4440.00 at age 12 to
0.3940.04 at age 15, rises to 0.4140.05 at age 16, and then falls
to 0.3940.05 at age 17. The decrease in WHtR during adoles-
cence is very significant (p=0.02). In girls, the decrease in
WHIR is more mixed and does not reach the threshold of sig-
nificance between the ages of 11 and 17 (p =0.39). The WHtR
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decreases from 0.4340.06 at age 12 to 0.4140.08 at age 15,

then rises to 0.4240.60 at age 16 before falling to 0.4240.06.

Table 2. Anthropometric parameters and indicators of overweight and obesity mean values (%standard deviation) of of secondary school

students in the urban community of Niamey.

Gender Age (Ans) %(N) Weight (kg)
12 5,18(10) 38,87+15,752
13 15,02(29) 44,84414,28%
Gils 14 23,32(45) 48,55+411,67%
15 21,25(41)  49,46414,96
16 21,76(42) 55,74+11,94¢
17 13,47(26) 51,67+11,18
p-value -- -- 0,0001
12 -- - 26,50
Moyenne  14,7941,42 100(193) 49,66+3,57
1 0,44(1) 35,0040,00
12 3,52(8) 36,389,922
13 21,15(48) 34,546,262
Boys 14 17,18(39)  5,74+12 26"
15 18,06(41) 6,00411,87°
16 19,82(45)  3,95:416,81¢
17 19,82(45) 52,5249,19b¢
p-value - - 0,00
x2 - - 88,20
Moyenne  14,87#,54 227 46,01413,62
Total 14,84+ 49 420 47,6943,71

Waist (m) BMI (kg/m2) WHTtR (cm) WHtR/Waist
13940,142 19,9946,372 60,90+12,932 0,430,062
14940,08° 19,9845,042 63,8349,87%® 0,4240,06?
15340,09% 20,7244 ,11a 63,938,512 0,4140,05%
15440,08¢ 20,706,772 64,41+11,94 % 0,410,082
15540,07°¢ 23,204,192 67,389,58° 0,430,067
15649,07¢ 21,4145 542 65,8148,62 0,4240,06?
0,0002 0,007 0,05 0,39

24,81 15,93 11,05 5,29
1,5240,91 21,2045,29 64,87+10,01 0,4140,06
14049,00 20,3940,00 58,00 0,4440,00
14540,172 17,061,212 58,6345,632 0,400,032
13940,10° 17,7242,16% 58,545,552 0,4240,04?
15240,13° 19,6643,96" 63,67410,77%  0,4120,06%
15340,10° 19,3643,65" 60,4147,82° 0,390,042
16040,11¢ 20,9144,92¢ 66,75410,56 " 0,4140,05?
16249,09¢ 20,2143,09¢ 63,7548,55 0,3940,05°
0,00 0,0001 0,000 0,02

90,74 29,20 39,25 14,99
1,5240,13 19,4643,73 62,4249,08 0,4040,05
1,5240,11 20,2644,59 63,5449,59 0,4140,05

The letters (a, b, c) are used to indicate significant differences between frequencies, and in cases of non-significant differences, the same letter

is repeated. The numbers in brackets indicate the number of subjects.

The prevalence of abdominal obesity is assessed according
to waist circumference (Table 5) and waist-to-height ratio (Ta-
ble 2). Table 5 shows that the prevalence of abdominal over-
weight is 6.67% and that of abdominal obesity is 6.43% in the
sample. The respective prevalences are 11.40% and 8.29% in
girls and 2.64% and 4.85% in boys.

There is approximately 2.5 times more abdominal obesity

in girls than in boys (p = 0.004).

Table 3 shows the prevalence of abdominal obesity accord-
ing to waist-to-height ratio (WHtR) among secondary school
students. According to this criterion, 8.57% of students are
obese (overweight + obese). The specific prevalences are
12.44% among girls and 5.29% among boys. Girls are 2.35
times more likely to be overweight than boys (p=0.29).

Table 3. Prevalence of abdominal obesity according to waist circumference (WC) among secondary school students in the urban community

of Niamey.
Gender Normal Abdominal Overweight Abdominal Obesity  Total p X2
Girls 80,31(155) 11,40(22) 8,29(16) 100(193) 0,004 10,99
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Gender Normal Abdominal Overweight Abdominal Obesity  Total p X2
Boys 92,51(210) 2,64(6) 4,85(11) 100(227)
Total 86,90(365) 6,67(28) 6,43(27) 100(420)

The number in parentheses indicates the number of subjects.

Table 4. Prevalence of abdominal obesity according to waist-to-height ratio (WHtR) among secondary school students in the urban community

of Niamey.
Genre Normal Visceral Overload
Girls 87,56(169) 12,44(24)
Boys 94,71(215) 5,29(12)
Total 91,43(384) 8,57(36)

The number in parentheses indicates the number of subjects.

Body mass index (BMI) is calculated according to the
World Health Organisation (WHO) reference curves, and

waist circumference is measured directly using a tape measure.

The results are shown in Figure 1.

8.8
Obésité
6.43
10.5
Surpoids
6.67
MNormal
0 10 20 30 40

Total p-value %2
100(193)

0,29 1,11
100(227)
100(420)

It is observed that 8.8% of students are obese according to
BMI, compared to 6.43% according to waist circumference.
Similarly, overweight has a high value of 10.5% compared to
6.67% according to waist circumference.

80.7

50 60 70 80 90 100

B IMC HETourde taille

Figure 1. Comparison between BMI and waist circumference of secondary school students.

Table 5. Prediction of obesity based on students' anthropometric variables.

Variables Boys Girls Total p-value
Weight 0,944(0,877-1,00)* 0,929(0,88-0,978)* 0,937(0,899-0,974)* 0,000
Waist 0,709(0,592-0,826)* 0,472(0,348-0,596) 0,565(0,474-0,656) 0,191
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Variables Boys Girls Total p-value
PA 0,944(0,884-1,00)* 0,907(0,839-0,975)* 0,921(0,872-0,969)* 0,000
WHIR 0,902(0,819-0,984)* 0,953(0,92-0,986)* 0,939(0,904-0,973)* 0,000
BMI 0,993(0,984-1,00)* 0,978(0,956-0,999)* 0,986(0,976-0,997)* 0,000
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Figure 2. Prediction of obesity in relation to different variables (weight, height, waist circumference).

ROC curve analysis shows that the WHtR variable is gen-
erally a better predictor of obesity than PA (Figure 1). For this
variable, the AUC (Area Under Curve ROC) is slightly higher
for female students (0.953) than for male students (0.902). For
all the variables used, BMI is a better predictor of obesity, with
AUCs tending towards 1 (0.993; 0.978; 0.986 for male stu-
dents, female students and both sexes overall, respectively).
The curve also shows that height is not a variable that can di-
rectly predict obesity, with low AUCs and non-significant as-
sociations.

4. Discussion

This is a descriptive cross-sectional study involving 420
students, including 227 boys and 193 girls, from 16 public and
private schools in the two municipal districts (I and I11) of the
Niamey Urban Community.

According to the World Health Organisation, obesity has
become a major public health problem, even more significant
than malnutrition and infectious diseases, and one of the most

serious public health challenges of the early 21st century [12-
14].

The obesity pandemic and its upward trend do not only af-
fect adults; children and adolescents are also victims [15]. In
2016, more than 340 million children and adolescents aged 5
to 19 were overweight or obese. More than 75% of overweight
children live in developing countries [10].

4.1. Anthropometric Characteristics of the
Middle School Students Surveyed

The middle school students were aged between 11 and 17,
with an average age of 14.84 #1.49 years. No significant dif-
ference is found between the average age of boys and girls (p
= 0.59). The average age observed in this study is similar to
the 14.03 years previously reported among secondary school
students in Niamey [15]. It is also close to the average age of
Togolese middle school students, 14.36 years. ¢ and that of
Tunisian middle school students, 14.5 2.1 years [17].

In secondary schools, girls predominated, accounting for
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61.5% in Dakar, Senegal [18].52% in urban schools in Togo
[16], 57.3% in Tunisia [17], 52.8% in the municipality of
Ashanti-Bekwai in Ghana [19], 53.5% in Lubumbashi in DR
Congo [20] and 61.1% in the Cape Province in South Africa.
[21] Gender disparities in school attendance and completion
rates are therefore not always unfavourable to girls, depending
on the country. The average weight of girls is 49.66%13.57kg
and that of boys is 46.01+13.62kg. The difference in weight is
significant (p = 0.0063). Among Togolese secondary school
students, the average weight is 54.3+12.9kg, with girls weigh-
ing 53.9#12.4kg and boys weighing 54.5313.5kg [16].

In Congo, the weight of secondary school students is 43.78
+11.62kg, with 42.39 £12.11kg for boys and 44.95 +11.04kg
for girls 2. Thus, the average weight observed in this study is
between that observed in Congo and that reported in Togo. In
Tunisia, the average weight of students is 47.04 £11.29, with
46.69 +12.2 for boys and 47.3 10.58 for girls. [17].

Body mass index (BMI) is determined using the World
Health Organisation's reference thresholds expressed as z-
scores [22]. The average BMI is 20.2634.59, ranging from
12.32 to 54.5kg/m2. The prevalence of overweight is 10.50%
and that of obesity is 8.80%, giving an overall prevalence of
19.30% among the students surveyed. A previous study, con-
ducted in schools in the five municipalities of the city of Nia-
mey, reported a prevalence of 9.5% for overweight and 6% for
obesity, giving a combined prevalence of 15.50% [15]. These
figures show that overweight and obesity are a serious public
health concern among lower secondary school students in Nia-
mey.

In sub-Saharan Africa, in a literature review of 283 articles,
the average rates of overweight and obesity among children
and adolescents aged 5 to 17 were 10.6% and 2.5% respec-
tively [23]. These values mask disparities between countries.
In Ethiopia [24] and the Democratic Republic of Congo [23],
in schools and among adolescents aged 10 to 19, the preva-
lence of overweight is 12.9% and 8% and that of obesity is 2.7%
and 1%, respectively. Also in Ethiopia, but in Addis Ababa
and among children aged 5 to 19, the prevalence of overweight
and obesity is 7.6% and 0.9% respectively [25].

In Senegal, among secondary school students aged 13 to 18,
the prevalence of overweight and obesity is 11% and 1.4% re-
spectively [21].

The average height of students is fairly consistent, at around
152cm for both girls and boys. In Congo, the average height
of secondary school students is similar to our observations, at
151.30+13.09cm, and is also fairly consistent between girls
and boys, at 151.38+11.58cm and 151.20+14.64cm respec-
tively [23]. In Togo, the average height is relatively higher
(161cm), and boys appear to be taller (164.4cm) than girls
(158.5cm) [16].

The average waist circumference observed in this study is
63.96+11.77cm. The average waist-to-height ratio is
0.4140.05. Waist circumference and waist-to-height ratio
were higher in girls than in boys.cm).

4.2. Prevalence of Abdominal Obesity
According to Waist Circumference

Body mass index is the commonly used marker for measur-
ing obesity in both children and adults. Unfortunately, it does
not adequately reflect the distribution of body fat [27]. How-
ever, excess abdominal fat has been associated with an in-
creased risk of metabolic and cardiovascular diseases [9, 28].
Waist circumference (WC) correlates fairly well with ab-
dominal obesity in both adults and adolescents [11]. The aver-
age WC observed in this study is 63.5449.59cm, with
64.87410.02cm for girls and 62.4249.08cm for boys.

The average waist circumferences observed in this study are
lower than the values reported in Brazil [29], Portugal [30]
and Quebec [31] for adolescents in the same age group. Our
results show that waist circumference increases between the
ages of 11 and 17 but fluctuates, with an optimal peak at age
16. This increase in waist circumference during adolescence
is consistent with other observations made around the world
[29, 32, 33]. A similar observation is made among black ado-
lescents of the same age group in Nigeria, a country bordering
Niger. [26] This reversal in WC values could be genetic in
origin.

In adults, a WC greater than or equal to 94cm in men and
80cm in women defines abdominal overweight, and a WC
greater than or equal to 102cm in men and 88cm in women is
associated with abdominal obesity. The prevalence of total ab-
dominal overload of 13.10% recorded in this study falls within
the range of 9 to 35% reported by the authors of a critical re-
view of 11 studies conducted in South Africa [34]. According
to this study, there is approximately 2.5 times more abdominal
overload in girls than in boys. The respective prevalences are
11.40% for abdominal overweight and 8.29% for abdominal
obesity among girls, compared to 2.64% and 4.85% among
boys, respectively.

This high prevalence of abdominal obesity among girls
compared to boys is also observed among South African ado-
lescents, where the prevalence of abdominal obesity is 2%
among boys and 13% among girls.

4.3. Prevalence of Abdominal Obesity
According to Waist-to-height Ratio

The waist-to-height ratio (WHtR) has also been proposed
as a marker for assessing visceral obesity [35-38]. The present
study shows that WHtR decreases significantly between the
ages of 11 and 17 in boys, while the decreases are much more
moderate in girls. Similar observations have been previously
reported by various authors [33, 39, 40]. However, other au-
thors have reported a more uneven trend [26, 32, 41].

Finally, identical WHtR values between the two sexes and
constant values between the ages of 11 and 17 have also been
reported [42]. Our results show that the WHtR of girls at dif-
ferent ages is similar to or higher than that of boys [41, 43].

In adults, a threshold value of WHtR > 0.5 has been defined
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as an indicator of abdominal obesity in both sexes [39, 44].

In children and adolescents, it has been reported that a
WHTLR greater than 0.5 is correlated with an increased meta-
bolic risk [39]. It has therefore been suggested that this thresh-
old should also be used in children and adolescents. However,
authors have emphasised the need to establish age-related ref-
erence thresholds for children and adolescents [45]. Further-
more, as the anthropometric parameters of children and ado-
lescents are subject to variations related to ethnic origin and
environmental differences, it would be necessary to define na-
tional reference standards for WC and WHIR.

Various countries have defined threshold values and per-
centiles for WC and WHIR for children and adolescents [46-
51]. In the present study, we used the WHtR thresholds de-
fined in Nigerian adolescents aged 10 to 18 years to charac-
terise abdominal obesity [26].

The prevalence of visceral obesity observed in this study is
2.86% inboys and 5.71.44% in girls, for an overall prevalence
of 8.57%. This value is close to the 9.2% reported in Came-
roon among adolescents of the same age group [52].

In South Africa, significantly higher prevalence rates have
been reported. The prevalence of visceral obesity is 21.43%,

with a rate of 7.13% among boys and 14.30% among girls [51].

Also in South Africa, according to the authors of a systematic
review of 11 studies, the prevalence of abdominal obesity in
children and adolescents aged 1 to 20 years, according to the
WHIR, ranged from 2.0 to 41.0% [34]. In Turkey, approxi-
mately 10.4% of girls aged 12 to 18 were obese at the ab-
dominal level according to the WHtR %4, compared to 12.44%
in the present study.

5. Conclusion

This study concluded that there is a high prevalence of over-
weight among adolescents aged 11 to 17 and identified certain
risk factors associated with the development of overweight
and obesity at this age. It is important to implement a preven-
tive strategy that includes screening students for overweight,
identifying those at risk based on knowledge of risk factors,
raising awareness among education professionals, and educat-
ing parents in order to correct obesity-promoting habits and
establish a healthy lifestyle for the entire family. Particular at-
tention must be paid to this scourge. Nationwide studies are
needed to determine the prevalence of childhood obesity.

Abbreviations

BMI Body Mass Index

CDC  Atlanta Centre for Disease Control and
Prevention

WC Waist Circumference

WHtR  Waist-to-height Ratio

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] Bonsaksen, T., Kottorp, A., Gay, C., Fagermoen, M. S., & Ler-
dal, A. Rasch analysis of the General Self-Efficacy Scale in a
sample of persons with morbid obesity. Health and Quality of
Life Outcomes, 2013; 11, 202.
http://doi.org/10.1186/1477-7525-11-202

[2] Steiger, D., & Baumgartner Perren, S. “Poids corporel sain”
chez les enfants et Adolescents. Actualisation des bases
scientifiques. Berne et Lausanne: Promotion Santé Suisse
Document de travail. 2014; 28.

[3] Frelut LM. Childhood and adolescent obesity. Encycl Med Chir.
2009; 29(3): 1-15.

[4] Tounian P. Adult-onset consequences of childhood obesity.
Arch Pediatr. 200; 14(6): 718-720.
https://doi.org/10.1016/j.arcped.2007.02.043

[5(] WHO: World Health Organization. Obé&itéet surpoids. 2024.
https://lwww.who.int/fr/news-room/fact-sheets/detail/obesity-
and-overweight

[6] McCarthy HD, Jarrett KV, Crawley HF. The development of
waist circumference percentiles in British children aged 5.0—
16.9y. Eur J Clin Nutr. 2001; 55(10): 902-7.
https://doi.org/10.1038/sj.ejcn.1601232

[7] Savva SC, Tornaritis M, Savva ME, Kourides Y, Panagi A,
Silikiotou N, et al. Waist circumference and waist-to-height ra-
tio are better predictors of cardiovascular disease risk factors in
children than body mass index. Int J Obes Relat Metab Disord.
2000; 24(11): 1453-8.
https://doi.org/10.1038/sj.ij0.0801401

[8] Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE,
Yeckel CW, et al. Obesity and the metabolic syndrome in chil-
dren and adolescents. N Engl J Med. 2004; 350(23): 2362—74.
https://doi.org/10.1056/NEJM0a031049

[91 WHO. World health organization. Obesity: preventing and
managing the global epidemic. Report of a WHO consultation.
World Health Organization technical report series. 2000; 894:
1-253.

[10] WHO. Key indicators on obesity and overweight. 2020
https://www.who.int/fr/news-room/fact-sheets/detail/obesity-
and-over

[11] Goran MI. Visceral fat in prepubertal children: Influence
of obesity, anthropometry, ethnicity, gender, diet, and
growth. American Journal of Human Biology. 1999; 11(2):
201-207.

[12] WHO. World Health Organization. Global status report on no
communicable diseases WHO: Geneva. Switzerland. 2010.
http://www.who.int/nmh/publications/ncd_report2010/en/
Consulté le 25/07/2021.


http://www.sciencepg.com/journal/ajhr

American Journal of Health Research

http://www.sciencepg.com/journal/ajhr

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Frihbeck G., Toplak H., Woodward E., Yumuk V., Maislos M.,
Oppert JM.. Executive Committee of the European Association
for the Study of Obesity. Obesity: The Gateway to Il Health -
an EASO Position Statement on a Rising Public Health, Clini-
cal and Scientific Challenge in Europe. Obesity Facts. 2013; 6:
117-120.

WHO. World Health Organization. Global status report on no
communicable diseases. 2011.

Soumana A., Samaila A., Kamaye M., Sadaou A., Garba M.,
Mamoudou AD., Mahamane Sani MA., Sako Y. Surpoids et
obésitéen milieu scolaire urbain &Niamey (Niger). Revue de
la Soci&éMalgache de P&liatrie, 2021; 4(2): 38-44.

Djadou KE, Sadzo-Hetsub K, Koffic K S, Tsolenyanuc E,
Doutid K, Afiac KD et al. Prévalence de 1’obésité en milieu
scolaire urbain (Togo). Journal de pé&liatrie et de puéiculture
(2010); 23: 335-339.

Zedini C., Limam M., Ghardallou M., Mellouli M., Sahouda
K., Bougmiza I., Mtiraoui A., Ajmi T. Préalence de la
surcharge pondé&ale en milieu scolaire dans la région rurale
de Hazoua (tozeur). La Tunisie Mdlicale. 2016; 94(4): 298-
304.

Ndiaye (Papa Ndiaye), Mamadou Makhtar Mbacké Leye, et
Anta Tal Dia, Surpoids, obésitéet facteurs associés chez les
ééves du 2™ cycle d’enseignement public de Dakar, Santé&
Publique. 2016/ 5 Vol. 28, Pages 687 &694.

Musung JM., Muyumba EK., Nkulu DN., Kakoma PK.,
Mukuku O., Kamalo BKM., Mukeng, Christian Kakisingi
CKN., Malonga FK., Chenge FM., Luboya ON. Prevalence of
overweight and obesity among adolescents in school in Lu-
bumbashi, Demaocratic Republic of Congo. Pan African Medi-
cal Journal, 2019; 32(49): 1-11.

Okeyo AP, Seekoe E, De Villiers A, et al. The food and nutri-
tion environment at secondary schools in the Eastern Cape,
South Africa as reported by learners. Int J Environ Res Public
Health. 2020; 17(11): 4038.
https://doi.org/10.3390/ijerph17114038

De Onis M., Onyango AW., Borgi E., Siyam A., Nisha C., Siek-
mann J. Development of a WHO growth reference for school-
aged children and adolescents. Bulletion of World Health Or-
ganisation. 2007; 85: 660-667.

Muthuri SK., Francis CE., Wachira L-JM., LeBlanc AG.,
Sampson M., Onywera VO., Tremblay S. Evidence of an Over-
weight/Obesity Transition among School-Aged Children and
Youth in Sub-Saharan Africa: A Systematic Review. Public Li-
brary of Science (Public Library of Science (PLOS).). ONE
2014; 9(3): €92846.
https://doi.org/10.1371/journal.pone.0092846

Teshome T., Singh P., Moges D. Prevalence and associated fac-
tors of overweight and obesity among high school adolescents
in urban communities of Hawassa - Southern Ethiopia. Current
Research in Nutrition and Food Science Journal. 2013; 1(1):
23-36.

Zeleke A. Prevalence of childhood and adolescent overweight
and obesity among elementary school students in Addis Ababa:

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

double burden of malnutrition in Ethiopia. Msc Thesis. Addis
Abeba University: Addis Abeba; 2007. PubMed | Google
Scholar.

Schneider HJ., Friedrich N., Klotsche J., Pieper L., Nauck M.,
John U, D&r M., Felix S., Lehnert H., Pittrow D., Silber S.,
Vdzke H., Stalla GK., Wallaschofski H., Wittchen H-H. The
predictive value of different measures of obesity for incident
cardiovascular events and mortality. Journal of Clinical Endo-
crinology and Metabolism. 2010; 95: 1777-1785.

Zhu S., Wang Z., Heshka S., Heo M., Faith MS., Heymsfield
SB. Waist Circumference and Obesity Associated Risk Factors
among Whites in the Third National Health and Nutrition Ex-
amination Survey: Clinical Action Thresholds. American Jour-
nal of Clinical Nutrition. 2002; 76: 743-49.

Silva DAS., Pelegrini A., de Lima e Silva JMF., and Petroski
EL. Epidemiology of Abdominal Obesity among Adolescents
from a Brazilian State Capital. Journal of Korean Medical Sci-
ence. 2011; 26: 78-84.
https://doi.org/10.3346/jkms.2011.26.1.78

Bravo J., Raimundo AM., Santos DA., Timén R., Sardinha LB.
Abdominal Obesity in Adolescents: Development of Age-spe-
cific Waist Circumference Cut-offs Linked to Adult IDF Crite-
ria. American Journal of Human Biology. 2017; 26(6): €23036.
https://doi.org/10.1002/ajhb.23036

Lamontagne P. et Hamel D. Surveillance du statut pondéal
mesuréchez les jeunes du Québec: éat de situation jusqu’en
2013. ’Institut national de santé publique du Quévec. N de
publication: 2142. Disponible: 2016;

http://www.inspg.qc.ca Consulté le 13/06/2025.

Kutaga Z., Swiader-Lesniak A., Kotowska A., Litwin M.. Pop-
ulation - based references for waist and hip circumferences,
waist-to-hip and waist-to-height ratios for children and ado-
lescents, and evaluation of their predictive ability. European
Journal of Pediatric: 2023; 182: 3217-3229.
https://doi.org/10.1007/s00431-023-05001-4

Gray LA. Evidence for central obesity risk-related thresholds
for adolescents aged 11 to 18 years in England using the LMS
method. Obesity Research and Clinical Practice. 2024; 18(4):
249-254,

Anumah FO, Mshelia-Reng R, Omonua OS, Shuaibu RA, Od-
umodu KC, et al. The Development of Reference Values for
Waist Circumference and Waist Height Ratios in Nigerian
Youths 10-18 Years of Age. Journal of Obesity and Overweight.
2019; 5(2): 201.

Ntimana CB, Seakamela KP, Mashaba RG and Maimela E. De-
terminants of central obesity in children and adolescents and
associated complications in South Africa: a systematic review.
Front. Public Health. 2024; 12: 1324855.
https://doi.org/10.3389/fpubh.2024.1324855

Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking
obesity to insulin resistance and type 2 diabetes. 2005; 444,
840-846

https://doi.org/10.1038/nature05482


http://www.sciencepg.com/journal/ajhr

American Journal of Health Research

http://www.sciencepg.com/journal/ajhr

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Maffeis C., Banzato C., Talamini G. Waist-to-height ratio, a
useful index to identify high metabolic risk in overweight chil-
dren. Journal of Pediatrics. 2008; 152(2): 207-213.
https://doi.org/10.1016/j.jpeds.2007.09.021

Khoury M., Manlhiot C., McCrindle BW. Role of the
waist/height ratio in the cardiometabolic risk assessment of
children classified by body mass index. Journal of American
College of Cardiology. 2013; 62: 742-751.

McCarthy HD, Ashwell M. A. study of central fatness using
waist-to-height ratios in UK children and adolescents over two
decades supports the simple message-keep your waist circum-
ference to less than half your height. International Journal of
Obesity. 2006; 30(6): 988-992.
https://doi.org/10.1038/sj.ij0.0803226

Ram¥ez-V “elez R, Moreno-Jim “enez J, Correa-Bautista JE,
et al. Using LMS tables to determine waist circumference and
waist-to-height ratios in Colombian children and adolescents:
The FUPRECOL study. BioMed Central nutrition 2017; 17(1):
1-11. https://doi.org/10.1186/5s12887-017-0919-4

Sharma AK., Metzger DL., Daymont C., Hadjiyannakis S.,
Rodd CJ. LMS tables for waist-circumference and waist-height
ratio Z-scores in children aged 5-19 y in NHANES I11: associ-
ation with cardio-metabolic risks. Pediatric Research. 2015;
78(6): 723-729.

Asif M., Aslam M., Altaf S. and Mustafa S. Developing waist
circumference, waist-to-height ratio percentile curves for Paki-
stani children and adolescents aged 2 — 18 years using Lambda-
Mu-Sigma (LMS) method. Journal of Pediatric Endocrinology
and Metabolism. 2020; aop
https://doi.org/10.1515/jpem-2019-0527

Ashwell M. Obesity risk: Importance of the waist-to-height ra-
tio. Nursing Standard. 23(41): 49-56.
https://doi.org/10.7748/ns 2009.06.23.41.49.c7050

Bojanic D., Ljubojevic M., Krivokapic D. and Gontarev S.
Waist circumference, waist-to-hip ratio, and waist-to-height ra-
tio reference percentiles for abdominal obesity among Mace-
donian adolescents. Nutricicn Hospitalaria. 2020; 37(4): 786-
793.

Roswall J, Bergman S, Almgvist-Tangen G, Alm B, Niklasson
A, Nierop AF., Dahlgren J. Population-based waist circumfer-
ence and waist-to-height ratio reference values in preschool
children. Acta Paediatrica. 2009; 98(10): 1632-1636.
https://doi.org/10.1111/j1651-2227.2009.01430

10

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

[52]

Lin JS, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL, Lin RS, Shau
WY, Huang KC. Optimal cut-off values for obesity: using sim-
ple anthropometric indices to predict cardiovascular risk fac-
tors in Taiwan. International Journal of Obesity. 2002; 26:
1232-1238.

Ho SY, Lam TH, Janus ED. Waist to stature ratio is more
strongly associated with cardiovascular risk factors than other
simple anthropometric indices. Annals of Epidemiology. 2003;
13: 683-91.

Hsieh SD, Yoshinaga H, Muto T, Sakurai Y, Kosaka K. Health
risks among Japanese men with moderate body mass index. Int
J Obes Relat Metab Disord 2006; 24(3): 358-62.

Parks, EJ, Shokan, LE et al.. <Dietary sugars stimulate fatty
acid synthesis in adults>> The Journal of Nutrition, 2008;
138(6): 1039-1046.

Can AS, Yildiz EA, Samur G, Rakicio g lu N, Pekcan G,
Ozbayrakg S, Palao g lu KE, G&en M, Bersot TP. Optimal
waist: height ratio cut-off points for cardiometabolic risk fac-
tors in Turkish adults. Public Health Nutrition. 2010; 13(4):
488 — 495.

Zeng Q., He Y., Dong S., Zhao X., Chen Z., Song Z., Chang G.,
Yang F., Wang Y. Optimal cut-off values of BMI, waist circum-
ference and waist: height ratio for defining obesity in Chinese
adults. British Journal of Nutrition. 2014; 112(10): 1735-44.

Ebouki RE., Pefura-Yone EW., Sobngwi E., MbeleOnana CL.,
Noumsi ECK., Nana JRB., NdjetcheuMoualeu PI, Boris Judi-
caél Theubo Kamgang 1, Yomi BK., Djuikam K., Magne G.,
Amougou F., Efe de Melingui N., Yonga MN., Petchou L.,
Mboumtou L., Nkoum AB., Afane-Ze E. Prévalence et
Facteurs Associ&s al’Exces de Poids et al’Obésité Centrale
chez les Enfants et les Adolescents Camerounais. Health Sci-
ences & Disease. 2023 24(5): 96-104.

Debeila S., Modjadji P., Madiba S. High prevalence of overall
overweight/obesity and abdominal obesity amongst adoles-
cents: An emerging nutritional problem in rural high schools in
Limpopo Province, South Africa. African Journal of Primary
Health Care & Family Medicine. 2021; 13(1), a2596.

Acar Tek N., Sanlier N., TUk&® D. The prevalence of ab-
dominal obesity is remarkable for underweight and normal
weight adolescent girls. Turkish Journal of Medical Sciences.
2017; 47: 1191-1197. https://doi.org/10.3906/sag-1605-60


http://www.sciencepg.com/journal/ajhr

