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Obesity is a major public health problem in developed countries and 
is fast becoming a growing threat to human health in developing 
nations.[1] In recent years, it has been established that several chronic 
diseases of lifestyle (CDLs) typically reported for adults in Western 
countries, such as diabetes, cardiovascular diseases (CVD) and 
hypertension, can also be observed in children and are frequently 
associated with body weight disorders such as underweight, 
overweight and obesity.[2] The current US statistics published by 
the National Health and Nutrition Examination Survey (NHANES) 
reported 21.5% overweight and 10.4% obesity among 2 - 5-year-olds.
[2] In addition, increases in this condition were reported in the same 
age group in Europe[3] and Australia.[4] However, obesity is not only 
a problem in developed nations, but is rapidly becoming a public 
health concern in countries undergoing the nutrition transition, 
such as Thailand, Chile and South Africa (SA),[5-7] to such an extent 
that the situation has been declared a global epidemic by the World 
Health Organization (WHO).[1] The WHO[8] views obesity as an 
independent risk factor for CVD, which significantly increases the 
risk of morbidity and mortality. 

In Africa, the menace of CVDs has now become a serious health 
issue. In particular, sub-Saharan Africa has seen a tremendous increase 
in CVD risk factors, which has caused many deaths in both young and 
older persons.[9] SA is one of the countries in the sub-Saharan region 
of Africa undergoing a nutritional transition, in terms of changes 
in the dietary profile of the human population as a result of a shift 
from a traditional to a Western diet. Such a transition determines the 
nutritional status of the overall population.[10-11] Although obesity and 
CMD seem less life-threatening during childhood, their risk factors 
are particularly prevalent in the country and are progressing at a rapid 
pace. The prevalence of obesity and CMD has been partly attributed 
to the increase in urbanisation, industrialisation and adoption of a 
Western lifestyle, which negatively affect the quality of lives of many 
South Africans.[5,12] According to the American Heart Association,[13] 
CDLs are strongly and closely related to obesity and CMD risks, and 

strong evidence exists that elevated cholesterol levels in childhood 
may play a role in the development of hypertension later in life.[14] In 
addition, poor dietary intake and physical inactivity,[15-17] along with 
excessive body fat,[18-20] adversely affect CMD risks. These habits are 
often established during childhood,[8] thus allowing overweight and 
obesity to reach epidemic proportions in many countries. 

Popkin et al.[21] highlight the high global prevalence of overweight 
and obesity among children and adolescents, particularly in urban 
areas and among girls: 9% and 27% in 15 - 17-year-old boys and 
girls, and 10% and 23% in boys and girls aged 10 - 14 years old, 
respectively. These trends have been supported by other national 
and regional studies,[10,11] which also showed an increased prevalence 
of obesity. In a recent SA survey published by Awotidebe et al.,[22] 
an indication of 8.7% pre-hypertensive and 4.3% hypertensive 
children was also reported. The findings of these surveys seem to 
warn against the potential health crises which could result given the 
increased incidence of childhood overweight, excessive body fat and 
abdominal adiposity as they are likely to add to the enormous socio-
economic and public health burden in future. Therefore, these trends 
should be closely monitored and prioritised in the face of all other 
health needs in the country.

Despite the fact that research reports overwhelmingly support the 
association between bodyweight disorders, such as underweight, 
overweight and obesity, with CMD,[12] regional comparisons among 
children in the SA context are problematic, in view of the different 
criteria used to evaluate the anthropometric and CMD variables 
among the children in the various studies.[22-24] A number of studies 
have also determined the correlation of different anthropometric 
indices with obesity and CMD risk factors among children in 
developed countries.[3,4] The results of such studies have been 
based on a number of criteria derived from the Childhood Obesity 
Working Group of the International Obesity Task Force (COWG/
IOTF) age- and sex-specific BMI cut-off point,[25] the Centers for 
Disease Control and Prevention BMI-dependent cut-off point of the 
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upper 5th percentile, developed by Must and Strauss[26] based on the 
US NHANES and the standards suggested by the WHO/US National 
Center for Health Statistics. These studies used both percentile 
norms by age and gender and cut-off points to classify children as 
underweight, normal, overweight or obese. 

Although these references proved to be good indicators of adverse 
health outcomes in developed countries,[27-29] the trends are, however, 
difficult to quantify, in view of the existence of a wide variety of 
definitions of childhood obesity. Moreover, little is known about the 
health consequences of bodyweight disorders among SA children. 
Consequently, studies evaluating associations between health 
outcomes and bodyweight categories defined by different sets of cut-
off points are needed to inform the decision on which method best 
assesses the risk. Therefore, in this study, the age- and sex-specific 
BMI cut-off point developed by Cole et al.,[25] for COWG/IOTF was 
used to assess the risk factors of obesity and CMD in SA children. 

The rationale for the use of IOTF classification is that it has been, 
firstly, recommended internationally as a screening rather than a 
diagnostic tool for paediatric obesity. Secondly, the IOTF criteria 
correlate with total body fat and CMD risk factors. Thirdly, the 
definition is less haphazard and more internationally acceptable 
than others, and should encourage direct comparison of trends 
in childhood obesity worldwide. Nevertheless, definitions of the 
interaction effects for phenotypes related to obesity and CMD are 
important because they have the potential to screen and identify 
children at risk, detect early development of complications and 
recognise those that are likely to be resistant to health-related 
interventions. 

Therefore, the objectives of this study were to assess the predictors 
of overweight and obesity in SA children and adolescents, and 
examine the extent to which these dependent measures correlate 
with CMD risk.

Methods 
Ethical considerations	
The Health Sciences Research Ethics Committee of the Faculty of 
Health Sciences, North-West University, SA (Ethics Ref. no. NWU-
00088-12-S1) granted ethics approval for the research to be carried 
out. Before data collection, permission to conduct the study was 
granted by the provincial heads of the education departments and the 
district managers for the Department of Basic Education in Limpopo 
and Mpumalanga provinces. Information leaflets and informed 
consent forms were administered to the head teachers, pupils and 
their parents or guardians, who gave permission for the study to 
be conducted. The research complied with the Health Professions 
Council of SA’s General Ethical Guidelines for Health Researchers.[30] 

Sampling
The study was conducted using a cross-sectional design, in which 
data were collected on body composition and blood pressure among 
targeted samples of primary-school children in the Limpopo and 
Mpumalanga provinces of SA. These provinces, which share a 
common boundary, are relatively under-resourced compared with 
the other provinces in the country, and the majority of the people 
belong to the lower socioeconomic brackets. The study sample 
comprised 1  361 participants (678 boys and 683 girls, aged 9 - 13 
years) who were selected from rural primary schools located in the 
two provinces.

To select the samples, schools in each province were numbered 
serially based on an alphabetical listing. Subsequently, eight schools 
were randomly selected from each province. Class registers were 
used to draw targeted groups of children whose ages could be 
verified. Children who were reportedly ill and/or were outside of 
the age limits set for the study were excluded. Overall, participants 
were randomly selected from 16 rural primary schools located in 

various parts of the provinces. Demographic data, which included 
age, gender and ethnicity, were obtained from participants, as these 
were regarded as correlates of obesity, normal weight, overweight 
and underweight among the children. For convenience and ease of 
data interpretation, the participants were categorised as children (ages 
9 - 11 years) and adolescents (ages ≥12 - 13 years).

Anthropometric measurements	
Height and weight were measured using the protocol of the 
International Society for the Advancement of Kinanthropometry.[31] 
Body composition indices of BMI (weight/height2) were derived. BMI 
was used to classify the children into the following weight categories: 
underweight, normal weight, overweight or obese for age and gender. 
Based on the BMI classification, COWG/IOTF’s age- and sex-specific 
BMI cut-off point, developed by Cole et al.,[25] was applied in order 
to evaluate the children at risk of obesity and CMD. The results were 
then compared with available normative data.

Blood pressure measurements
Blood pressure (BP) was measured using an electronic BP monitor 
(Omron HEM-705 CP devices (Omron Corporation, Japan). The 
standardised guidelines of the National Heart, Lung, and Blood 
Institute’s National High Blood Pressure Education Program 
(NHLBI/NHBPEP) were applied for the assessment of BP among 
the children.[32] Elevated BP was defined as the mean systolic and 
the diastolic BP above the 95th percentile for age and gender, after 
adjusting for weight and height.[32] Based on these guidelines, the 
first and third readings of the BP monitor were taken as systolic and 
diastolic BP (SBP and DBP), respectively. The averages of the two BP 
measurements were used to examine the existence of the incidence 
of hypertension associated with obesity and CMD risks among SA 
children. 

Defining weight categories 
BMI was determined by dividing the participants’ weight (kg) by the 
square of their height (m); BMI defined as kg/m2 offers a reasonable 
measure of fatness in children. The IOTF cut-off points are widely 
accepted, and have been used as the global standard for age- and 
gender-specific norms of BMI classifications to categorise overweight 
and obesity in youths aged 2 - 18 years old.[25,26] In this study, the BMI 
cut-off point was used as a determinant of overweight and obesity 
among children and adolescents aged 9 - 13 years.

Pilot study
A pilot study was conducted before the actual data collection, to 
ascertain the logistical and technical procedures for taking the 
measurements. This was preceded by an intensive training workshop 
conducted by two experts in kinanthropometry, who have many 
years of experience and have published extensively in the area of 
body composition and childhood and adolescent physiology. The 
objectives of the workshop and pilot study were to ensure that the 
field workers could competently undertake the anthropometric and 
physiological measurements. 

Statistical analysis
Mean and standard deviation were calculated for body weight, 
height, BMI, SBP and DBP for all age and gender categories. 
Differences in these measurements were evaluated for boys and 
girls using independent variables. In order to compare differences 
in the prevalence of overweight and obesity and, consequently, 
hypertension among the children, a series of inferential statistics 
were computed. Bivariate analysis was conducted to examine if 
significant relationships existed between BMI and CMD risk factors. 
Binary logistic regression analysis was performed to determine the 
variables which predicted the children’s age-related BMI categories. 

http://www.hpcsa.co.za/Uploads/editor/UserFiles/downloads/conduct_ethics/rules/generic_ethical_rules/booklet_6_gen_ethical_guidelines_for_researchers.pdf
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All data analyses were performed with 
the Statistical Package for the Social 
Sciences (SPSS) version 24.0 (IBM Corp., 
USA). For all statistical analyses the level 
of significance was set at p≤0.05.

Results
The children’s physical characteristics 
according to age categories and gender 
are provided in Table 1. The results 
showed that there were significant age-
related differences between boys and 
girls in terms of body mass, height, BMI, 
SBP, and DBP. For instance, boys had a 
significantly higher mean body weight 
at ages 11, 12 and 13 years compared 
with the girls. Age-related significant 
differences were also observed for 
height in boys at ages 11, 12 and 13 
years (p<0.05). Mean BMI values were 
significantly higher in boys at ages 12 
and 13 years compared with the girls 
of the same age groups (p<0.05). A 
significantly higher mean SBP was 
found in boys at ages 9, 10 and 12 years 
than in girls of the same ages. The 
mean DBPs for boys were significantly 
higher than those of girls at ages 10 
and 13 years (p<0.05). Comparisons of 
the boys’ and girls’ data for body mass, 
height and BMI at ages 9 and 10 yielded 
no significant differences. 

Anthropometric characteristics 
and prevalence rates of overweight 
and obesity in the boys and girls are 
presented in Table 2. In the younger age 
group, participants differed only in SBP 
(p=0.001), with the boys having higher 
mean values. Of the total number of 
children, 81.2% were underweight, 
17.4% had normal BMI, 0.9% were 
overweight, and 0.5% obese. In the 
adolescent group, participants differed 
substantially in four variables (height, 
p=0.001; body mass, p<0.001; BMI, 
p<0.001; and SBP, p<0.001). BMI was 
normal in 32.5% of the adolescents, 
whereas 3.4% were overweight and 1.0% 
obese. In both groups, the prevalence 
of overweight was higher among boys 
for both children and adolescents than 
among the girls, whereas the obesity 
prevalence rate was higher among girls, 
for children, and among adolescent 
boys (p<0.05). When overweight and 
obesity were combined (Table 3), the 
prevalence rate was lower (1.4%) in the 
children than adolescents (4.4%). The 
overall rate of overweight and obesity 
combined was 2.5% in the whole group 
of subjects.

Table 4 details the mean BMI and 
prevalence rates of overweight and 
obesity, stratified by age and sex, based 
on the IOTF criteria. The average BMI 
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for boys generally increased with age, from 9 to 10 years and 11 to 
13 years, but the trend among the girls was inconsistent, especially 
for those who were 11 - 13 years old. However, among the adolescent 
girls, the BMI scores at ages 11 and 12 years remained stable, and 
thereafter increased at age 13 years. The prevalence of overweight 
and obesity tended to be higher among adolescent boys and girls 
(aged 12 - 13 years) than among the children (9 -11 years).

The prevalence of overweight and obesity stratified by sex and 
province is presented in Table 5. 

The results showed that male children living in Limpopo had 
a lower prevalence of overweight (0.3%), and were not obese 
(0.0%), compared with those from Mpumalanga Province. 
However, none of the male participants were obese. Female children 
living in Mpumalanga Province had higher prevalence rates of 

Table 3. Prevalence of overweight and obesity combined among participants (N=1 361)
Group n Overweight, n (%) Obese, n (%) Total, n (%)
Children 866 8 (0.9) 4 (0.5) 12 (1.4)
Adolescents 495 17 (3.4) 5 (1.0) 22 (4.4)
Total 1 361 25 (1.8) 9 (0.7) 34 (2.5)

Table 4. Prevalence of overweight and obesity stratified by age and sex using the IOTF criteria
Boys (n=683) Girls (n=678)

Age (years) n
BMI,  
mean (SD) Overweight, % Obese, % n

BMI,  
mean (SD) Overweight, % Obese, %

9 113 15.9 (1.96) 0.0 0.0 95 16.0 (1.76) 0.0 0.0
10 170 17.1 (2.36) 1.2 0.0 145 17.2 (2.98) 0.7 0.7
11 172 17.6 (3.13) 1.7 0.6 171 17.3 (4.72) 1.2 1.2
Total children 455 16.8 (2.48) 1.1 0.2 411 16.8 (3.15) 0.7 0.7
12 144 18.7 (4.41) 4.2 2.1 153 17.3 (2.59) 2.0 0.7
13 84 20.0 (3.84) 8.3 1.2 114 18.0 (2.21) 0.9 0.0
Total adolescents 228 19.4 (4.13) 5.7 1.8 267 17.7 (2.40) 1.5 0.4

IOTF = International Obesity Task Force; BMI = body mass index; SD = standard deviation.

Table 5. Prevalence of overweight and obesity stratified by sex and province using the IOTF criteria
Boys (n=683) Girls (n= 678)

Provinces n
BMI,  
mean (SD) Overweight, % Obese, % n BMI, mean (SD) Overweight, % Obese, %

Children
   Limpopo 158 16.5 (2.43) 0.3 - 136 16.3 (1.93) 0.0 0.0
   Mpumalanga 125 16.8 (2.04) 0.8 0.0 104 17.3 (3.25) 1.0 0.4
Adolescents
   Limpopo 191 18.2 (3.81) 2.2 0.5 223 17.5 (4.40) 1.0 0.5
   Mpumalanga 209 18.7 (3.94) 1.4 0.7 215 17.4 (2.26) 0.5 0.2
IOTF = International Obesity Task Force; BMI = body mass index; SD = standard deviation.

Table 6. Correlation matrix showing relationship between BMI and risks factors of CMD variables (N=1 361)
Variables Age Body mass Height BMI SBP DBP
Age Coefficient (r) 1
Body mass Coefficient (r) 0.501* 1

Sig. (2-tailed) 0.000
Height Coefficient (r) 0.129* 0.202* 1

Sig. (2-tailed) 0.000 0.000
BMI Coefficient (r) –0.022 0.026 –0.091* 1

Sig. (2-tailed) (r) 0.418 0.341 0.001
SBP Coefficient (r) 0.113* 0.290* 0.037 0.018 1

Sig. (2-tailed) 0.000 0.000 0.176 0.516
DBP Coefficient (r) –0.029 0.133* 0.065† 0.074* 0.440* 1

Sig. (2-tailed) 0.286 0.000 0.016 0.007 0.000  

BMI = body mass index; CMD = cardiometabolic disease; SBP = systolic blood pressure; DBP = diastolic blood pressure.
*Significant at 0.01.
†Significant at 0.05. 
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overweight (1.0%) and obesity (0.4%) than their counterparts in 
Limpopo Province. In the adolescent group, boys in Limpopo 
Province had a higher percentage of overweight (2.2%) than their 
contemporaries in Mpumalanga Province, with a 1.4% overweight 
prevalence rate. Furthermore, boys from Mpumalanga Province 
had a higher prevalence of obesity (0.7%) compared with their 
peers from Limpopo Province (0.5%). However, girls from Limpopo 
demonstrated a higher prevalence of overweight (1.0%) and obesity 
(0.5%) than their peers from Mpumalanga. The results also showed 
a statistically significant relationship between age and body mass 
(r=0.501; p=0.000), height (r=0.129; p=0.000), and SBP (r=0.113; 
p=0.000) of the participants in the combined group of children and 
adolescents. BMI correlated significantly with height (r=–0.091; 
p=0.001) and DBP (r=0.074; p=0.007). Height was also found to be 
significantly positively correlated with DBP (r=0.065; p=0.016), while 
SBP (r=0.018; p=0.516) and age (r=–0.022; p=0.418) yielded non-
significant correlations with BMI (Table 6).

Analysis of the influence of age, gender and province on overweight 
and obesity among female children revealed that the regression 
model was not significant (α2

(2, N=411)=–14.742; p=0.201) (Table 7). The 
model explained between 1.1% and 7.5% of the variation in weight 
status, and correctly classified 58.2% of the cases. Furthermore, age 
did not make a significant contribution to the model, with an odds 
ratio of 2.88, suggesting that the likelihood of being overweight 
decreases by a factor of 2.9 with a unit increase in age among the 
children and adolescents. The results by province indicated that the 
likelihood of a girl from Mpumalanga becoming overweight or obese 
was 0.33 times higher than that of a girl in Limpopo. 

Discussion
This study assessed the risk factors for obesity and CMD among 
1  361 primary school children (boys, n=678; girls, n=683) aged 
9 - 13 years in the Mpumalanga and Limpopo provinces of SA. 
Using the IOTF norms, we observed the prevalence of overweight 
and obesity by gender and age among the children. Furthermore, 
bivariate correlations between BMI and the risk factors for CMD were 
observed. The study of bodyweight disorders using the IOTF’s BMI 
criteria is of potential interest from a public-health standpoint. The 
use of age- and gender-related BMI centiles for assessing bodyweight 
disorders in SA youngsters could provide a window of opportunity 
to observe levels of overweight or underweight, which can be used 
as a tool to recognise such disorders, so that interventions to prevent 
health complications can be made. 

However, during the quest to determine the right definition of 
overweight and obesity, to avoid overestimation, overweight and 
obesity in youth continue to rise globally.[35] The findings from our 
study revealed that underweight was most prevalent among the 
participants. The present findings corroborate those of Goon et al.,[33] 

who reported a higher prevalence of underweight than overweight and 
obesity in Nigerian children and adolescents. Despite the prevalence of 
underweight found in this study, the fact of overweight and obesity still 
needs to be recognised as a potential public-health concern.

Studies have established that the prevalence of overweight and 
obesity is no longer limited to technologically advanced countries, 

but is currently a rising public health problem in emerging economies.[33,34]

As stated by Reddy et al.,[35] one out of five children in SA is either 
overweight or obese. Findings from this present study showed that 
the prevalence of overweight and obesity combined for boys and 
girls in the younger age category were 1.1% and 1.2%, respectively. 
The equivalent rates for adolescent boys and girls were 8.0% and 
1.9%, respectively. In younger age groups, the rates were higher in 
girls, while among adolescents, higher prevalence rates were noted 
among the boys. This contradicts the results of a study by Musa et 
al.,[34] which found a high prevalence of combined overweight and 
obesity of 19.7% and 23.2% for 9 - 11-year-old Nigerian children. 
In our study, it was observed that the rate of combined overweight 
and obesity was higher for adolescent boys than girls. This finding 
was surprising, in that girls usually have a higher propensity to 
be overweight and obese than boys of a similar age group.[27-29] 
Overweight and obesity were more common in adolescents than 
in children in the present study. These findings contradict those of 
Schnohr et al.,[36] which showed a higher prevalence of overweight 
and obesity in children than in adolescents. 

Both male and female children in Mpumalanga province exhibited 
a higher prevalence of overweight and obesity than those from 
Limpopo province. From a public health perspective, the epidemic of 
overweight and obesity could have damaging consequences, resulting 
in poor health outcomes as a result of its association with CMD risk. 
Furthermore, both overweight and obesity might have destructive 
consequences for the growth and motor development of children.[37] 

Studies have also indicated that overweight and obesity could have 
deleterious outcomes if left without any preventive intervention, as 
the youngsters in these studies were in developmental stages.[33-35]

The results of this study underscore the significance of adopting 
a healthy lifestyle at an early developmental stage.[38] Although our 
study focused mainly on overweight and obesity, the existence of 
underweight conditions in this cohort of children and adolescents 
should not be ignored. Some of the reasons stated in previous 
studies as possible causes of underweight in developing countries 
were poverty levels, low socioeconomic backgrounds, environmental 
factors, poor nutritional intake and food practices and parents’ 
ignorance of this,[33-35] and of the dangers of a sedentary lifestyle or 
the influence of genetic endowment.[33-35] As many children from 
public primary schools in our study were from low socioeconomic 
backgrounds, they probably had limited access to daily balanced 
diets.

Limitations
The findings of this study should be interpreted in light of a number 
of limitations. Firstly, BMI is only a surrogate measure of body 
composition, and cannot reliably distinguish between fat-free mass 
and adipose tissue. Secondly, since our study was carried out in only 
two provinces of SA, the present findings cannot be generalised to 
the entire country, because of its demographic and racial diversity. 
Thirdly, hereditary endowment may also partly account for the 
observed outcomes, but this aspect was beyond the scope of the 
study. Lastly, children’s socioeconomic background and nutrition 
were not assessed in the present study, but these may give a proper 
indication of their lifestyles, and further elucidate the results.

Conclusion
The occurrence of overweight and obesity in a combined sample of 
SA children was lower than the rate observed for adolescent boys 
and girls. Overall, children from Mpumalanga Province exhibited 
a higher incidence of overweight and obesity than those from 
Limpopo Province. Owing to the increasing prevalence of overweight 
and obesity in these children and adolescents, urgent preventive 
interventions that target high-risk behaviours in early life should be 
implemented in primary and secondary schools, thereby creating 

Table 7. The odds of becoming overweight in female children 
according to age and province (n=411)
Variables OR 95% CI p-value
Province

Limpopo 1 0.06 - 1.82 0.201
Mpumalanga 0.33

Age 2.88 0.69 - 11.9 0.144

OR = odds ratio; CI = confidence interval .
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awareness of the consequences of bodyweight disorders, especially in 
low socioeconomic groups. 
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