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Background: Adolescent obesity is increasingly more common in low- and middle-income countries like Nigeria. Obesity 
has been associated with metabolic derangement in adolescents in developed countries. This study compared the metabolic 
parameters in obese and non-obese adolescents in a developing country.

Method: A cross-sectional study was performed on 1 000 adolescents selected by multi-stage sampling from eight secondary 
schools in Osun State, south-western Nigeria. Socio-demographic information was collected with the aid of a questionnaire. 
Using the International Obesity Task Force (IOTF) body mass index (BMI) cut-off points, 29 obese adolescents were identified, 
and 29 suitably matched controls selected. The means for the anthropometric indices [height, weight and waist circumference 
(WC)], as well as blood pressure (BP), fasting blood glucose and the blood lipid levels of the obese and non-obese participants 
were compared using an independent t-test and one-way analysis of variance. Data were analysed using SPSS® 16.0 version.  
A p-value < 0.05 was taken to be statistically significant.

Results: The mean age of the respondents was 13.7  years (standard deviation 2.04). Eight of 100 (7.7%) respondents were 
overweight and 2.9% obese. More female than male adolescents were overweight or obese. The means for the anthropometric 
indices and BP increased in general across the spectrum of weight categories, from normal weight to obese. Weight, BMI, WC, 
and systolic and diastolic blood pressure were significantly higher (p < 0.05) in the obese adolescents than in the non-obese 
controls. The controls had a significantly higher mean high-density lipoprotein value (1.46 mmol/l) than the obese adolescents 
(1.21 mmol/l).

Conclusion: Obese adolescents are at higher risk of metabolic diseases than non-obese adolescents. Obese adolescents in  
low- to middle-income countries should be targeted to adopt lifestyle changes.
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Introduction
Adolescents make up a fifth of the world’s population, and at 
least four out of five adolescents live in developing countries.1,2 
Adolescence is a time of significant weight gain. The average 
(normal) weight gain during puberty is 14  kg for female, and 
15  kg for male, adolescents.3 Adolescents are faced with 
numerous health challenges, and one of these is the increasing 
prevalence of overweight and obesity.3,4

Obesity has been recognised as a major global health threat, and 
increasingly, a public health concern.5 The prevalence of obesity 
has reached alarming levels in both developed and developing 
countries, as well as in socio-economic groups, irrespective of 
age, sex or ethnicity.6 It was formerly seen as a problem of the 
middle-aged and elderly, but in recent times, childhood obesity 
has reached epidemic proportions.7–9 Body mass index (BMI), a 
measure of weight in relation to height, is widely used to assess 
body build or adiposity.10 BMI changes during childhood differ 
between boys and girls, so age- and sex-specific reference data 
(centile cut-off points on charts) are used to assess fatness in 
children and adolescents.11 The International Obesity Task Force 
(IOTF) cut-off points for children were obtained from sex-specific 
curves that pass through a BMI of 25 kg/m2 and 30 kg/m2 by age 
18  years, for overweight and obesity, respectively.12 Recent 
estimates of overweight and obesity in schoolchildren showed 

that 32% were overweight in the Americas, including 8% who 
were obese. The corresponding prevalence was 20% and 4%, 
respectively in Europe; 16% and 6%, respectively in the Near and 
Middle East; and 5% and 1%, respectively in the Asia-Pacific 
region.13 A Nigerian study that used the IOTF cut-off points 
showed that the prevalence of overweight in adolescents at 
secondary school aged 12–18 years ranged from 0–8.1% in the 
male and female adolescents combined, while the prevalence of 
obesity ranged from 0–2.7% in the male, and from 0–1.9% in the 
female, adolescents.14

Obesity is one of the underlying causes of noncommunicable 
chronic diseases. It has become one of the leading causes of 
morbidity and mortality in both developed and developing 
countries.5,15,16 Studies have shown that obesity is linked with 
noncommunicable disorders, including hypertension, insulin 
resistance, type 2 diabetes mellitus, hypercholesterolaemia, 
coronary heart disease, strokes and certain cancers.17,18 Adolescent 
obesity is not just a current problem, but a potential cause of 
future health-related problems, including metabolic diseases. 
This has been well reported in the literature globally, perhaps 
with the exception of Africa. African studies were not included in 
a systematic review of studies on cardiometabolic risk variables in 
adolescents. Most of the studies were reported from Europe and 
America.4 Thus, it was imperative to report the findings of this 
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study, carried out in a low to middle-income country, on the 
African continent. Studies have also shown that adolescent obesity 
is more likely to continue into adulthood, and obese adolescents 
express the same co-morbidities that are associated with adult 
obesity, both during early life and in adulthood.5,7

Thus, this study was designed to determine the prevalence of 
obesity in school adolescents and to assess the existence of 
metabolic risk factors in obese adolescents and suitably matched 
(non-obese) controls, using blood pressure (BP), fasting blood sugar, 
fasting blood glucose (FBG) and the lipid profile measurements.

Method
The study was carried out in the first quarter of 2012 in Osun 
State, south-western Nigeria. The State comprises three senatorial 
districts, each with two health zones, and 10 local government 
areas. Osun East senatorial district was selected randomly.  
Two communities were randomly chosen from both health zones 
in the district, and two co-education schools were randomly 
chosen from each community. The students in the selected 
schools were stratified by arm (class) and sex, and a sample 
proportionate to the school population and the male-female 
distribution was studied from each arm. Altogether, a total of 1 
000 randomly selected subjects were studied with the aid of a 
facilitated self-administered, pre-tested and pre-coded structured 
questionnaire. The questionnaire obtained information on  
the socio-demographic characteristics of the respondents and 
the underlying factors for obesity. Anthropometric measurements 
(height, weight and waist circumference (WC)), as well as  
BP measurements, were recorded for each respondent.  
Data collection, which included the measurements, was carried 
out by trained health workers, mostly nurses.

BP was measured twice using Accoson® mercury 
sphygmomanometers with an appropriate-sized cuff, and the 
average of the two readings was taken as the final reading.19 The first 
clear tapping Korotkoff sounds (phase I) were presumed to be the 
systolic blood pressure (SBP), while sound disappearance (phase V) 
was presumed to be the diastolic blood pressure (DBP).20 The WC 
was measured midway between the tenth rib and the top of the iliac 
crest to the nearest 0.1 cm, using a non-stretchable tape measure.21 
Weight was measured to the nearest 0.1 kg with a United Nations 
Children’s Fund bathroom scale, and height was measured to the 
nearest 0.1  cm using a stadiometer. Weight and height were 
measured with the respondents wearing light school uniforms, 
without head or footwear, and without accessories such as purses, 
bunches of keys and mobile phones, to avoid overestimation.21 BMI 
was calculated using the formula: weight (kg)/height squared (m2). 
The calculated BMI was used to classify respondents as normal 
weight, overweight or obese, using the IOTF age- and sex-specific 
cut-off points.

Age- and sex-matched controls were selected for the obese 
respondents by simple random sampling from the pool of 
respondents in the same class. FBG and lipid estimation were 
performed for the obese respondents and the controls, using 
commercially available kits for total lipids.22 The Lipid Pro in vitro 
diagnostic technique, a lipid measuring system was used in this 
study.

The data were entered into a computer and analysed using SPSS® 
16.0, and a p-value  <  0.05 was considered to be statistically 
significant. Appropriate analyses, including an independent t-test 
and one way analysis of variance (ANOVA), were conducted. BMI 
was the main outcome measure.

Ethical approval was obtained from the Obafemi Awolowo 
University Teaching Hospitals Complex Research and Ethics 
Committee. Permission to carry out the project was obtained from 
the Osun State Ministry of Education, the local inspectorate of 
education in each local government area, and the authorities at 
each school where the research was carried out. Informed consent 
was obtained from the study participants and their parents. 
Educational status was defined as low and high. Respondents 
without formal education or with incomplete secondary education 
were determined to have a low educational status, while those 
who completed secondary education or tertiary education were 
considered to have high educational status. Similarly, socio-
economic status (SES) was classified into two groups, i.e. high and 
low SES, based on a modified wealth index approach using 
ownership of household properties as the basis of classification.23

Results
Table 1 shows the socio-demographic characteristics of the 
respondents. Most of them were in the age group 10–13 years 
(early adolescence) and 14–16 years (mid adolescence). Both age 
groups comprised 91.5% of the total respondents. The mean age 
of the respondents was 13.73  years (standard deviation 2.04). 
51.0% of the respondents were male. The majority of the 
participants were from the Yoruba tribe (93.5%). Nearly two thirds 

Table 1: Socio-demographic characteristics of the respondents (n = 1 000)

Variable n %

Age group (years)*

10–13  (early adolescence) 455 45.5

14–16  (mid adolescence) 460 46.0

17–19  (late adolescence) 85 8.5

Sex

Male 510 51.0

Female 490 49.0

Ethnicity

Yoruba 935 93.5

Other tribes 65 6.5

Father’s educational status

Low** 175 17.5

High*** 651 65.1

Unknown 174 17.4

Mother’s educational status

Low** 219 21.9

High*** 606 60.6

Unknown 175 17.5

Socio-economic status

Low 516 51.6

High 484 48.4

School type

Public 488 48.8

Private 512 51.2

Class

Junior secondary 573 57.3

Senior secondary 427 42.7

*The mean age for the respondents was 13.73 years (standard deviation 
2.04)
**Low (without formal education or with an incomplete secondary 
education)
***High (completed secondary education or a tertiary education)
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(65.1%) of the respondents’ fathers, and approximately three 
fifths (60.6%) of their mothers had a high educational status. 
Nearly half (48.4%) of the respondents came from a high  
socio-economic background. Less than half of them (48.8%) 
attended public schools. Nearly three fifths (57.3%) of the study 
particpants were in junior secondary school, and the remaining 
42.7% in senior secondary school.

Overall, 77 (7.7%) and 29 (2.9%) of the study participants were 
overweight and obese, respectively, while 894 (89.4%) were of 
normal weight. A higher proportion of female than male 
respondents was overweight (10.2% vs. 5.3%) and obese (3.9% vs. 
2.0%), and this difference was statistically significant (Table 2).

When the means for WC, and SBP and DBP were compared in 
relation to the weight category of the respondents using  
one-way ANOVA, there was a steep increase across the range of 
weight categories from normal weight to obese. For instance, the 
mean SBP increased from 101.6  mmHg in normal weight, to 
113.1  mmHg in overweight, and to 116.7 mmHg in obese, 
respondents. A similar pattern was found with respect to the DBP 
and WC. The lowest values were found in respondents of normal 
weight, and the highest in the obese respondents. Mean BP and 

WC increased significantly across the weight categories from light 
to heavy (p < 0.001), as shown in Table 3.

Obese respondents were identified from the 1 000 respondents. 
From these, 29 obese respondents were randomly selected and 
sex- and age-matched with 29 non-obese control subjects for a 
comparison of metabolic parameters. The mean SBP and DBP of 
the obese respondents was significantly higher than that for the 
controls. Similarly, the mean low-density lipoprotein (LDL), 
cholesterol, triglycerides and FBG levels in the obese respondents 
were also significantly higher than that in the controls, while the 
mean high-density lipoprotein (HDL) levels was significantly lower 
in the obese patients than in the controls, as shown in Table 4.

Discussion
This study showed that at least one out of 10 ten adolescents 
(10.6%) was either overweight or obese using the IOTF cut-off 
points. This is slightly higher than the figure obtained in similar 
previous studies in Nigeria, where the combined prevalence of 
both overweight and obesity was considerably less than 10%.24–26 
However, this figure is lower than that obtained in most parts of 
the world, especially in Europe and America, where the combined 
prevalence is usually in excess of 20%.27 However, developing 

Table 4: A comparison of the means of some of the parameters in the obese respondents (n = 29) and the non-obese controls (n = 29) using an 
independent t-test

Parameter Obese (n = 29) Control (n = 29) Statistic

Mean SD Mean SD Mean difference t-statistic p
WC (cm) 88.5 11.2 67.8 6.3 −20.83 −8.75 < 0.001*

SBP (mmHg) 116.7 15.0 100.2 14.6 −16.45 −4.23 < 0.001*

DBP (mmHg) 74.7 12.1 65.4 8.8 −9.31 −3.75 0.001*

HDL (mmol/l) 1.21 0.31 1.46 0.37 0.26 2.86 0.006*

LDL (mmol/l) 2.30 0.73 1.98 0.61 −0.31 −1.79 0.079

Cholesterol (mmol/l) 4.00 0.63 3.95 0.67 −0.04 −0.26 0.790

Triglycerides (mmol/l) 1.07 0.35 0.94 0.21 −0.13 −1.74 0.090

FBG (mmol/l) 5.7 0.7 5.6 0.5 −0.12 −0.67 0.506

DBP: diastolic blood pressure, FBG: fasting blood glucose, HDL: high-density lipoprotein, LDL: low-density lipoprotein, SBP: systolic blood pressure, SD: 
standard deviation, WC: waist circumference
*Statistically significant at p < 0.05

Table 2: Weight category and sex of the respondents (n = 1 000)*

Sex Weight category n (%)

Normal weight (%) 
n = 894

Overweight (%) 
n = 77

Obese (%) 
n = 29

Male 473 (92.7) 27 (5.3) 10 (2.0) 510 (100.0)

Female 421 (85.9) 50 (10.2) 19 (3.9) 490 (100.0)
*Degrees of freedom = 2, χ2 = 12.29, p = 0.002

Table 3: Comparison of the means for the waist circumference and blood pressure of the respondents by weight status using one-way analysis of variance

Variable Weight category

Normal weight 
n= 894

Overweight 
n = 77

Obese 
n = 29

Mean SBP (mmHg)* 101.6 ± 13.2 113.1 ± 11.2 116.7 ± 15.1

Mean DBP (mmHg)** 65.1 ± 9.6 72.6 ± 7.8 74.7 ± 12.1

Mean WC (cm)*** 67.5 ± 6.3 80.3 ± 6.4 88.5 ± 11.2

DBP: diastolic blood pressure, SBP: systolic blood pressure, WC: waist circumference
*The F statistic and p for the mean systolic blood pressure is 44.40 and < 0.001, respectively
**The F statistic and p for mean diastolic blood pressure is 33.85 and < 0.001, respectively
***The F statistic and p for the mean waist circumference is 268.88 and < 0.001, respectively
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higher mean values for SBP and DBP, LDL, cholesterol, triglycerides 
and FBG, compared to the non-obese controls, and also their 
lower value for cardioprotective HDL. This corroborates the fact 
that obesity is a risk factor for cardiovascular disease, even though 
the study was carried out on a young population in a low- and 
middle-income country. Hopefully, this study will contribute to 
the scientific knowledge base and provides an evidence-based 
platform for future interventions on adolescent overweight and 
obesity in low- and middle-income countries.

A possible limitation of this study was the uncertainty surrounding 
whether the study participants fasted for blood test purposes (to 
determine their blood sugar and lipid profile), as requested. 
However, they were encouraged to do so, and an incentive (a 
token amount of money) which had been promised to them 
beforehand, was given to them once the tests were complete.

Conclusion
Overweight and obesity are fairly common health problems, and 
collectively affected more than a tenth of the adolescent 
respondents in this study. This is higher than the figures reported 
in many previous studies performed in Osun State and in Nigeria, 
which corroborate the fact that overweight and obesity is a 
growing epidemic, even in developing countries. Thus, low- to 
middle-income countries, in which a low prevalence of adolescent 
obesity has been reported, need to prevent adolescent obesity. 
Policies and programmes that focus on population-level 
intervention with regard to adolescent obesity prevention, such 
as those that promote public awareness of obesity, and its causes, 
effects, complications and management; and those which restrict 
the marketing of food that is high in salt, fat and sugar, especially 
to children and adolescents; need to be encouraged. More female, 
than male, respondents, were overweight and obese in this study. 
A significantly higher mean for SBP, DBP and WC was reported in 
the overweight and obese respondents than that in those of 
normal weight. Slightly higher mean values for fasting blood 
sugar, total cholesterol and LDL, and a significantly reduced mean 
HDL value, were recorded in the obese respondents than in the 
non-obese suitably matched controls. The higher BP, increased 
WC (truncal obesity) and reduced mean HDL value in the obese 
respondents may be important indicators of near or future risk of 
metabolic disease.
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