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Background: Central obesity in children is a global health concern associated 
with cardiovascular risk factors. In 2019 the World Obesity Federation predicted 
that in 2025, 206 million children and adolescents aged 5 to 19 will be obese, 
and the number is estimated to reach 254 million by 2030. There is limited 
literature on the factors that are associated with the development of central 
obesity in children. We report a systematic review, aimed to describe the current 
literature on determinants of central obesity and its associated health outcomes 
in children and adolescents in the South African population.

Methods: We searched for peer-reviewed studies in Google Scholar, PubMed, 
and Science Direct search engines, and about seven studies were included. This 
systematic review has been registered with the International Prospective Register 
of Systematic Reviews (PROSPERO) (Registration number: CRD42023457012). 
This systematic review was conducted and reported according to an updated 
version of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline. The quality of the included studies was assessed 
by following guidelines from the Newcastle-Ottawa Scale (NOS). The method 
considered three main domains: selection, comparability, and outcome across 
different study designs.

Results: The prevalence of central obesity in children and adolescents by waist-
to-height ratio (WHtR) ranged from 2.0 to 41.0%; waist-to-hip [WHR ranged from 
10 to 25%; waist circumference (WC) ranged from 9 to 35%]. Central obesity was 
associated with age, physical inactivity, gender socio, and demographic profiles 
of the household. Central obesity in children was associated with cardiovascular 
diseases and mental health issues.

Conclusion: Central obesity in children and adolescents was determined by 
gender, pubertal development, and age of the parents, households with high 
socioeconomic status, dietary practices, and overweight/obesity. Given the 
high prevalence of central obesity in children which can ultimately result in 
cardiometabolic diseases, cardiovascular risk factors, and mental health issues. 
This highlights the need for systems, jointly initiated by healthcare providers, 
policymakers, and the general society aimed at reducing the burden of central 
obesity such as introducing children and adolescents to health-promoting 
lifestyles.
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1 Introduction

Central obesity in children and adolescents has gained public 
health concern over the years with an increasing prevalence in low-to-
middle-income countries (1, 2). The incidence of abdominal obesity 
is increasing, in both developed and developing leading to high rates 
of illness and mortality in children and adults (3, 4). In 2019 the World 
Obesity Federation predicted that in 2025, 206 million children and 
adolescents aged 5 to 19 will be obese, and the number is estimated to 
reach 254 million by 2030 (1). Central obesity is linked with the 
development of non-communicable diseases and mental health issues 
(5–7). Childhood obesity is reported to likely progress to adulthood 
increasing the risk of ill health, mortality, and morbidity (8).

Worldwide central obesity is determined by measuring waist 
circumference which is known to be  a better marker for central 
obesity and a good predictor of cardio-metabolic risks in both adults 
and adolescents (7, 9–11). Waist circumference (WC) of above 94 cm 
and 80 cm in males and females, respectively, are indicative of central 
obesity in adolescents (7, 12). WC percentile ≥95th is also reported as 
indicative of central obesity (13). A waist circumference to height ratio 
(WHtR) of 0.5 can be used for early diagnosis of abdominal obesity in 
children (7, 10, 14, 15). Furthermore, the WHtR cut-off of 0.5 has been 
validated in multiple countries including South Africa for predicting 
cardiometabolic risk factors in children and adolescents aged 
6–18 years (16). When compared with BMI, WHtR has a stronger 
association with childhood mortality (10, 17). Central obesity is 
driven by different factors that include genetics, behavior, and 
environment (18). The prevalence of childhood obesity is likely to 
increase due to the increase in urbanization that is pushing more 
people below the poverty line (19, 20). People with low socioeconomic 
status are more likely to have poor food choices and food insecurities 
(21, 22). Reduced protein diet consumption in a population that 
mostly consumes a carbohydrate-rich diet is linked with visceral fat 
deposition leading to visceral obesity in children and adolescents 
(23–25).

Central obesity in children has long-term and short-term 
outcomes. Short-term, centrally obese children tend to suffer from 
psychosocial comorbidities such as depression, anxiety, low self-
esteem, as well as emotional and behavioral disorders (5–7). Long-
term, children with central obesity are likely to have central obesity in 
adulthood which is linked to the development of cardiovascular 
diseases, diabetes mellitus, and musculoskeletal disorders, which can 
lead to disability mortality, and morbidity (5). Treatment of obesity-
related comorbidities is difficult, and costly to the health systems. The 
progression of early childhood overweight/obesity to adulthood 
increases the risk of cardiovascular risk factors (i.e., atherosclerosis, 
hypertension, diabetes, and chronic kidney disease) which are on the 
rise in South Africa (26, 27). The development of single morbidity is 
linked to the development of secondary morbidity resulting in 
multimorbidity which is a current global public health concern (28, 
29). Therefore, there is a need to reduce the predictors of overweight 
and obesity at an early age.

To meet the World Health Organization’s (WHO) target of 2025 
of “no increase in childhood obesity” it is essential to understand the 
burden of childhood overweight/obesity in South  Africa. Also 
understanding the burden of abdominal obesity is essential in the 
South African context, as it may inform resource distribution and 
policies that sought to reduce the condition by health education, 

screening, and early intervention. Studies have highlighted the impact 
of different obesities contributing differently to cardiovascular risk 
(30–32). Literature has highlighted visceral obesity as a significant 
predictor of the development of chronic conditions and mental health 
issues as compared to general obesity (5, 33–35). In this review, 
we aimed to describe the current literature on determinants of central 
obesity and its associated health outcomes in children and adolescents 
in the South African population.

2 Materials and methods

2.1 Protocol and registration

This systematic review has been registered with the International 
Prospective Register of Systematic Reviews (PROSPERO) 
(Registration number: CRD42023457012). This systematic review was 
conducted and reported according to an updated version of the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guideline (see Supplementary Table S3) (32).

2.2 Search strategy

We systematically conducted a search through Google Scholar, 
PubMed, and Science Direct databases up to 9th August 2023. The 
search strategy developed from PubMed was as follows 
[((((((((((((determinants) OR (effect)) OR (factors)) AND (central 
obesity)) OR (increased waist circumference)) OR (increased visceral 
fat)) OR (increased subcutaneous fat)) AND (children)) OR 
(minors)) OR (adolescent)) OR (teenager)) AND (associated 
factors)) AND (South Africa)]. The search strategy was adapted for 
other search engines (Google Scholar, Cochrane, Research4life, and 
Science Direct). Reference lists of the retrieved studies were also 
searched to identify additional eligible studies. Gray literature such 
as dissertations and conference presentations were also searched for 
relevant studies.

2.3 Study selection

To reduce the potential for selection bias, studies were selected 
based on eligibility criteria by two independent investigators (CBN 
and RGM). The initial screening procedure comprised a review of the 
title, abstracts, keywords, and overall objectives of the study, as 
informed by population, Exposure, Comparator, Outcomes (PECO) 
guidelines, and eligibility criteria. The investigators individually 
downloaded studies considered acceptable for review based on 
screening by title, abstract, and full-text screening. In situations where 
the two independent investigators did the primary search and study 
selection, and were not in agreement the third and the fourth 
investigators (KPS and EM) assessed the studies in question and made 
a decision.

PECO eligibility criteria.
Population: Children and adolescents.
Exposure: Central/abdominal obesity, visceral obesity.
Comparator: The review included studies that have non-central 

obesity patients to serve as controls.
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Outcomes: Central obesity and cardio-metabolic, 
non-communication disease, and mental health issues.

2.3.1 Inclusion criteria
The systematic review followed the following inclusion criteria:

 • Studies published in South Africa and accessible in South Africa.
 • Studies investigating the prevalence and associated risk factors of 

central obesity in children and adolescents (up to 20 years) 
conducted from 2010 to 2023;

 • Studies that measured central obesity in children using the 
following methods, ultrasound to measure visceral and 
subcutaneous fat, waist circumference, waist-hip ratio, and waist-
to-height ratio.

 • Articles published in English.

2.3.2 Exclusion criteria
The systematic review followed the following exclusion criteria:

 • A study conducted in adults;
 • Studies that focused on general obesity instead of central obesity;
 • Studies not published in South Africa;
 • Studies not accessible in South Africa.

2.4 Data extraction

The authors (RGM and CBN) independently extracted the 
following data from eligible studies: name of the first author, year of 
publication, sample size, age, and determinants of central obesity, 
associated complications, and interventions. Age was recorded in 
terms of mean and standard deviation. In cases, median and ranges 
were given in the study, and this was converted to mean and standard 
deviation following the guidelines by Wan et al. (36). In cases where a 
study reported age in different categories, the means and SD were 
combined using the StatsToDo online tool [CombineMeanSD 
(statstodo.com)]. The key findings of the studies are summarized in 
Table 1. Zotero reference manager was used to compile identified 
studies into a single folder in which the process of duplicate removal/
merging was performed. The quality of the included studies was 
assessed by following guidelines from the Newcastle-Ottawa Scale 
(NOS). This method considers three main domains: selection, 
comparability, and outcome across different study designs (44).

3 Results

A total of 392 studies were identified by searching databases 
[Google Scholar (n = 131), PubMed (n = 78), Science Direct (n = 14), 
Cochrane (n = 116), and Research4life (n = 48)], and five more studies 
were found through other sources. About 11 studies met the inclusion 
criteria for the present study. Other studies were excluded because 
they were not from South Africa, were conducted among adults and 
published in languages other than English, or had a singular emphasis 
on general obesity (Figure 1). Among the included studies, about 7 
were cross-sectional studies and 4 were longitudinal studies which 

were classified as good quality, scoring at least 6 and 7 stars 
(Supplementary Table S1).

Table 1 presents the general characteristics of included studies 
sourced from peer-reviewed journals published between 2010 and 
2023. Of the included studies, 7/11 (63.6%) were cross-sectional (6, 7, 
11, 37, 38, 42, 43) while 4/11 (36.4) were longitudinal studies (5, 39–
41). About 5/11(45.5%) of the included studies were conducted in 
children while 6/11 (54.6%) of the included studies were conducted in 
adolescents. The age range in the present study was 1–20 years. The 
present systematic review had a total of 35,001 participants of which 
17,921 (51.2%%) were boys and 17,080 (48.8%) were girls. The 
following methods were used to measure central obesity, waist 
circumference (7, 11, 38, 40, 43), waist-to-height ratio (5, 7, 37, 43), 
waist-hip ratio (6, 7, 38, 39, 41), and SCAT and VAT (42). Other 
included studies used more than one measurement for central obesity 
namely waist-to-hip ratio, waist-to-height ratio, and waist 
circumference (5, 7). The waist-to-height ratio (WHtR) showed a 
prevalence of central obesity ranging from 2.0 to 41.0%; the waist-
to-hip (WHR) showed a prevalence of central obesity ranging from 10 
to 25%; and the waist circumference (WC) showed a prevalence of 
central obesity ranging from 9 to 35%.

3.1 Determinants of central obesity

3.1.1 Gender and age
Several included studies observed that gender, age, and pubertal/

adolescent stages were associated with the development of central 
obesity with more girls having the highest prevalence of central 
obesity compared to boys (5–7, 11, 37, 38, 41, 42). In addition, the 
studies found that boys had the highest proportion of central obesity 
during the early adolescent stage (age 10 years and above) while the 
proportion of central obesity in girls increased progressively until 
reaching its peek between the age of 14–16 years (middle adolescent 
stage) (5). However, one of the included studies reported that the 
prevalence of central obesity, measured through the waist-to-height 
ratio, was lower among girls compared to boys (5).

3.1.2 Physical inactivity
Decreased physical activity (e.g., not active in sports and not 

participating in athletics) and an increase in sedentarism behavior 
were also associated with central obesity in children (37, 43). This was 
noted more in girls than boys (37, 43). The studies reported that boys 
were generally more active than girls, especially in rural areas (37, 43). 
One study further highlighted that rural life does not embrace 
physically demanding tasks anymore thus contributing to low physical 
activity and sedentarism (43). Cultural norms and values, particularly 
in rural settings, which prefer healthier bodies among females even 
during adolescence were also were also reported as a contributing 
factor for physical inactivity in girls (37, 43).

3.1.3 Dietary practices and general obesity
Diet practices have also been reported as contributing factors to 

central obesity. These have been reported as altered eating patterns, 
increased fat content in food, undernutrition, malnutrition, skipping 
breakfast, and diet lacking wholegrain (5, 11, 37, 43). Children who 
are already obese/overweight have higher odds of being centrally 
obese (6).
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TABLE 1 Characteristics of included studies.

Authors 
and year

Study 
design

Age (mean 
and SD) 
and age 
range

Race Residence Sample 
size

Prevalence of 
CO

Definition of 
central 
obesity

Determinants Associated 
complications

Interventions

Toriola et at. (37) CS 12.3 ± 1.2 10–

16 years

Black Semi-rural, 

Limpopo province

1,172 (541 boys 

and 631 girls)

13.7% Waist-to-height 

ratio (≥0.5)

Female gender at age 

14–16, teenage years in 

both sexes, decreased 

physical activity, 

sedentary, altered eating 

patterns, increased fat 

content in food.

Increased risk of 

developing 

cardiovascular and 

metabolic diseases in 

childhood and 

adolescence.

Reduce central obesity 

in school populations 

and intensive 

community-based 

efforts to prevent 

central obesity at an 

early age

Ngwenya and 

Ramukumba (6)

CS 15.08 ± 1.12 

13–19 years

Black Urban, Gauteng 

province

175 (110 girls 

and 65 boys)

5.14% Waist hip ratio 

(≥1)

More prevalent in girls 

and in participants who 

are overweight

Social effects, emotional 

well-being, and self-

esteem. Liver disease, 

hypertension, and 

T2DM, poor quality of 

life, and poor academic 

performance.

Interventions aimed to 

reduce the prevalence 

of obesity and evaluate 

the outcomes of such 

programs. Nutritional 

interventions.

Monyeki et al. 

(5)

LS 13.95 ± 1.89 

6–14 years

Black Rural, Limpopo 

province

1701 (828 girls 

and 873 boys)

10% Waist-to-height 

ratio (≥0.5)

Gender and 

undernutrition

Cardiovascular and 

metabolic diseases

Research investigating 

biological and 

behavioral risk factors 

for CVDs and/or 

diabetes in rural 

children and 

adolescents.

Kimani-Murage 

(38)

CS 15.0 ± 1.47 

1–20 years

Black Rural Mpumalanga 

province

1848 (945 girls 

and 945 boys)

15% girls and 2% 

boys

Waist-height ratio 

(≥0.5)

Gender, increase in age, 

post-puberty, high SES 

households (household 

highest education), food 

secure household with 

high SES (measured 

using households assets)

NR Gender-sensitive 

intervention strategies 

that take into 

consideration pubertal 

development, relative 

wealth, and related 

behaviors

(Continued)
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(Continued)

Authors 
and year

Study 
design

Age (mean 
and SD) 
and age 
range

Race Residence Sample 
size

Prevalence of 
CO

Definition of 
central 
obesity

Determinants Associated 
complications

Interventions

Sebati et al. (39) LS 10.43 ± 2.74 

3–16 years

Black Rural, Limpopo 

province

25,122 (13,098 

boys and 

12,024 girls).

3.2% (3–9 years) 

0.6% (10–16)

Waist-height ratio 

(≥0.5)

NR NR Early diagnosis and 

lifestyle education could 

have a positive impact 

on the increased 

prevalence of NCDs. 

Regular health 

checkups should 

be implicated

Kimani-Murage 

et al. (11)

CS 14.63 ± 3.36 

1–20 years

Black Rural Mpumalanga 

province

3,489 (1765 

girls and 1724 

boys)

35% Waist 

circumference 

[≥94 cm for males 

and ≥80 cm for 

females, waist-

height ratio 

(≥0.5)]

More prevalent in 

adolescent girls, 

increases with sexual 

maturation and 

malnutrition

Metabolic diseases Scaling up of research 

and program evaluation 

in order to inform 

policy on effective 

intervention strategies 

that can address the 

double-prolonged 

problem of 

malnutrition

Masocha et al. 

(40)

LS 14.9 ± 076 

14–18 years

Black Rural North west 

Province

186 (81 boys 

and 105 girls)

RN Waist 

circumference 

(≥94 cm for males 

and ≥80 cm for 

females)

BMI, elevated blood 

pressure

Cardio vascular diseases Programs aimed at 

increasing physical 

activity, promoting 

health dietary practices

Raphadu et al. 

(41)

LS 4–13 years Black Rural Limpopo 

province

765 (394 males 

and 371 

females)

0.7% boys and 2.0% 

girls

Waist-height ratio 

(≥0.5)

Female gender NR More studies are 

needed to focus on the 

dietary patterns of 

sodium and potassium 

and how they can 

predict abdominal 

obesity

TABLE 1 (Continued)
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Authors 
and year

Study 
design

Age (mean 
and SD) 
and age 
range

Race Residence Sample 
size

Prevalence of 
CO

Definition of 
central 
obesity

Determinants Associated 
complications

Interventions

Debeila et al. (7) CS 17.93 ± 1.19 

1–20 years

Black Rural, Limpopo 

province

378 (235 girls 

and 143 boys)

25% by WHR, 21% 

by WHtR, 9% by 

WC

Waist 

circumference 

(≥94 for males and 

≥80 for females), 

waist-to-height 

ratio (≥0.5), and 

waist-hip ratio 

(0.90 for males and 

0.85 for females)

Girls had higher central 

or abdominal obesity as 

compared to boys

Public health 

implications, metabolic 

risk factors

Context and culturally 

appropriate Multi-

stakeholder obesity 

interventions aimed at 

exposing children and 

adolescents to a health-

promoting environment 

and nutritional 

knowledge and improve 

household 

vulnerabilities such as a 

poor socio-economic 

status

De Lucia et al. 

(42)

CS 18–19 years Black Urban Gauteng 

province

78 (36 boys 

and 40 girls)

NR VAT and SCAT Girls had higher SCAT 

and VAT as compared to 

boys

NR Future studies should 

explore the early 

modifiable determinates 

of abdominal fat 

distribution

Kamkuemah 

et al. (43)

CS 20.73 ± 0.84 

15–24 years

NR Peri-urban, Cape 

Town Province

87 (66 girls and 

21 boys)

41% Waist-to-height 

ratio. (≥0.5)

Skipping breakfast, a 

diet lacking wholegrain, 

physical inactivity and 

reported family history 

of diabetes

NR Engaging diverse 

sectors and actors to 

reduce obesity risk in 

this priority population 

group.

CS, cross-sectional studies; LS, longitudinal studies; CVDs, cardiovascular diseases; WHR, waist to hip ratio; WHtR, waist to height ratio; CO, central obesity; NR, not reported; T2DM, type 2 diabetes mellitus; WC, waist circumference.

TABLE 1 (Continued)
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3.1.4 Parental socioeconomic and 
sociodemographic status

Children from families with high socioeconomic status (measured 
using the household’s highest education and household assents), and 
being in a household that is food secure were also associated with 
central obesity (45). In addition, children whose parents were aged 
50 years and above, with low educational levels were more likely to 
be overnourished and centrally obese (37, 38, 43).

3.2 Complications of central obesity in 
children

The presence of central obesity in children predisposes them to 
the early development of liver disease, and cardiovascular and 
metabolic diseases such as hypertension, and type 2 diabetes mellitus, 
especially in cases where there is a history of hypertension or diabetes 
in the family (5–7, 11, 37, 43). Central obesity is also associated with 
psychological and social effects that impact emotional well-being, and 

self-esteem leading to poor quality of life and poor academic 
performance and, public health implications (6, 7).

3.3 Central obesity interventions

The included studies identified interventions aimed at combating 
central obesity in children (5–7, 11, 37, 43, 45). This includes 
interventions aimed at reducing central obesity in school populations 
and intensive community-based efforts to prevent central obesity at 
an early age by engaging diverse sectors and actors to reduce obesity 
risk in this priority population group (37, 43). Secondly, the studies 
highlighted a need for gender-sensitive intervention strategies that 
take into consideration pubertal development, relative wealth, and 
related behaviors in curbing the rising problem of child and adolescent 
obesity (45). Context and culturally appropriate obesity prevention 
interventions. Thirdly, the studies reported that children and 
adolescents should be exposed to a health-promoting environment to 
reverse and stop the increased trend of overweight and obesity. 

FIGURE 1

Flow diagram of included studies.
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Multi-stakeholder interventions focus on improving the nutritional 
knowledge of children and adolescents to enable them to make 
healthier food choices and undertake dietary practices like eating 
breakfast, amidst existing programs. Moreover, modifiable household 
vulnerabilities such as poor socio-economic status should 
be  considered in the intervention programs. Lastly, Interventions 
research to reduce the prevalence of obesity and evaluate the outcomes 
of programs that are in place, nutritional interventions, and research 
investigating biological and behavioral risk factors for CVDs and/or 
diabetes in rural children and adolescents.

4 Discussion

The prevalence of abdominal obesity in children in South Africa 
is a significant public health concern. The reviewed literature has 
highlighted the increasing rates of abdominal obesity ranging from 5.1 
to 41.0% in both rural and urban areas (5, 7, 11, 37, 43, 45, 46). The 
findings of the review are in alignment with other studies conducted 
in developing countries which reported the prevalence of central 
obesity in children and adolescents to be rising (3, 4, 47). The reviewed 
literature reported central obesity in children and adolescents to 
be determined by gender wherein girls had a higher prevalence of 
central obesity/abdominal obesity as compared to boys (5–7, 11, 37, 
45). The changes in hormonal levels for girls during puberty promote 
fat deposition in the abdomen, breast, and hips as compared to boys 
whose hormones promote lean muscle development, the hormonal 
changes combined with the sedentary lifestyle, and unhealthy food 
choices that adolescent girls tend to participate in could be the reasons 
for the findings from the reviewed literature (48, 49). In addition, boys 
and girls have different energy requirements in accordance with their 
rates of growth, and they mature at different times.

However, studies in developed countries reported central obesity 
in children and adolescents to be more prevalent in boys as compared 
to girls (50). This has been linked to advanced technology. A 
systematic review and meta-analysis by Ross et  al. (51) reported 
playing video games and spending too much time watching television 
is associated with central obesity in children (51–53). Dietary patterns 
have also been identified as a significant risk factor for central obesity. 
Increased fat content in meals, undernutrition, malnutrition, and a 
diet lacking in nutritious grains are the dietary patterns, and irregular 
eating including skipping meals, and an unbalanced diet are associated 
with central obesity (5, 11, 37, 43). There is a need to enhance the 
nutritional understanding of parents/guardians, children, and 
adolescents for them to make healthier food choices and become more 
involved in healthy dietary practices. These intervention programs 
should not only be targeted at households with high socio-economic 
status but also those with low socio-economic status as they are also 
affected by the poor dietary patterns that contribute to central obesity.

The review reported that children from households that are food 
secure, with higher levels of education, and more assets were more 
likely to be centrally obese (45). In agreement with the current study, 
Misra et al. (54) reported a positive association between high SES 
(food secured, high education, more assets) of the household with 
central obesity in children (54). This may be due to the availability of 
food. There is a need to investigate the influence of relative financial 
stability and related behaviors (eating and lack of exercise) in 
addressing the growing problem of central obesity in children and 

adolescents. Similar has been reported in other developing countries 
(55). Thus, emphasizing healthier choices and the quality of food and 
maintaining an active lifestyle.

The reviewed literature reported an increase in age, obesity/
overweight, and post-puberty in both genders to be associated with 
the development of central obesity (45). In agreement with the present 
study, Chen et al. (56) reported similar findings. Children who are 
already obese/overweight have higher odds of being centrally obese 
(6). Similarly, a study by Grigorakis et  al. (50) reported obesity/
overweight to be  significantly associated with central obesity in 
children (50). In accordance with the review Wagner et  al. (57) 
reported post-puberty to be associated with central obesity in both 
boys and girls, however, some other studies reported the association 
to be more common in girls as compared to boys (58, 59). Many 
potential mechanisms could link adiposity to pubertal timing, but 
leptin, adipocytokines, and gut peptides are key contributors (57). 
Genetic diversity and environmental elements like hormone-
disrupting substances are other potential mediators (57). To address 
the growing problem of child and adolescent central obesity, gender-
sensitive intervention strategies that account for pubertal development 
should be explored.

Kimani-Murage et al. (11) indicated that the age of the parent is 
associated with the development of central obesity in their children. 
Children living with parents aged 50 years and above have a high 
likelihood of having central obesity as compared to children who are 
raised by younger parents (11). There is scarcity of literature about the 
relationship between parental age and the development of childhood and 
adolescents’ central obesity. Whereas studies elsewhere have reported that 
older parents are less likely to engage in daily activities including policing 
their children’s food choices and physical activities as well as lifestyle of 
their children which may contribute to obesity. Older parents as 
compared to younger parents are less informed about health issues which 
may contribute to their poor dietary patterns in the household (60–62). 
Given the scarcity of literature on how parental age influences the 
development of central obesity in children, longitudinal studies are 
needed to determine the causal relationship between parental age and the 
development of central obesity in children in South Africa.

The presence of central obesity in children predisposes them to 
the early development of liver, cardiovascular, and metabolic diseases 
such as hypertension, and type 2 diabetes mellitus, especially in cases 
where there is a history of hypertension or diabetes in the family (5–7, 
11, 37, 43). Central obesity is also associated with psychological and 
social effects that impact emotional well-being, and low self-esteem 
leading to poor quality of life, poor academic performance and, public 
health implications (6, 7).

In this systematic literature review, two key controversial research 
topics were identified for the future development of the field. Firstly, 
literature is scarce on how parental age influences the development of 
central obesity in their children. Therefore, longitudinal studies should 
be conducted to determine the causal relationship between parental age 
and the development of central obesity in children and adolescents in 
South Africa. Secondly, the role that high SES and technology play in the 
development of central obesity in children. Future studies should 
be conducted to determine the role that advancements in technology play 
in the development of central obesity in children and adolescents and 
also to investigate the influence of relative financial stability, affluence, 
and related behaviors (eating and lack of exercise) in addressing the 
growing problem of central obesity in children and adolescents.
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4.1 Study limitations and strength

The review included children and adolescents, thus the results 
cannot be applicable to older individuals. The study’s strength was that 
we used different databases, and studies were searched independently. 
Moreover, the overall quality of the included studies was good, as 
determined by the Newcastle-Ottawa Scale (NOS).

5 Conclusion

The review reported the prevalence of central obesity ranges from 
2.0 to 41.0% by waist-to-height ratio (WHtR), from 10 to 25% by waist-
to-hip ratio (WHR), and from 9 to 35% by waist circumference (WC). 
Central obesity was determined by gender, households with high SES, 
age of the parents, dietary practices, and pubertal development. The high 
prevalence of central obesity in children can ultimately result in cardio-
metabolic disease, cardiovascular risk factors, and mental health issues 
such as memory loss and poor academic performance in school. The 
review recommends that healthcare providers and policymakers put 
systems in place that can reduce the burden of central obesity in children 
for example introducing children and adolescents to a health-promoting 
lifestyle to bring about change and prevent the increasing incidence of 
abdominal obesity. Furthermore, healthcare providers and dieticians 
need to educate parents/guardians, children, and adolescents on healthy 
dietary patterns.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author/s.

Author contributions

CBN: Conceptualization, Methodology, Validation, Visualization, 
Writing – original draft, Writing – review & editing. KPS: 
Conceptualization, Methodology, Validation, Visualization, Writing 

– original draft, Writing – review & editing. RGM: Conceptualization, 
Methodology, Validation, Visualization, Writing – original draft, 
Writing – review & editing. EM: Conceptualization, Methodology, 
Validation, Visualization, Writing – original draft.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to acknowledge the DIMAMO PHRC for 
the infrastructure and the equipment’s.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1324855/
full#supplementary-material

References
 1. Lobstein T, Brinsden H. Atlas of childhood obesity World Obesity Federation (2019). 

211 p.

 2. Akowuah PK, Kobia-Acquah E. Childhood obesity and overweight in Ghana: a 
systematic review and meta-analysis. J Nutr Metab. (2020) 2020:1–11. doi: 
10.1155/2020/1907416

 3. Goulding A, Taylor RW, Gold E, Lewis-Barned NJ. Regional body fat distribution 
in relation to pubertal stage: a dual-energy X-ray absorptiometry study of New Zealand 
girls and young women. Am J Clin Nutr. (1996) 64:546–51. doi: 10.1093/ajcn/64.4.546

 4. Mbanya VN, Kengne AP, Mbanya JC, Akhtar H. Body mass index, waist 
circumference, hip circumference, waist–hip-ratio and waist–height-ratio: which is the 
better discriminator of prevalent screen-detected diabetes in a Cameroonian population? 
Diabetes Res Clin Pract. (2015) 108:23–30. doi: 10.1016/j.diabres.2015.01.032

 5. Monyeki KD, Matshipi M, Monyeki MS. Prevalence of abdominal obesity among 
rural south African children over time: Ellisras longitudinal study. Afr J Phys Activ 
Health Sci. (2017) 23:416–30.

 6. Ngwenya NA, Ramukumba TS. Prevalence of adolescent obesity at a high school 
in the City of Tshwane. Curationis. (2017) 40:e1–7. doi: 10.4102/curationis.v40i1.1662

 7. Debeila S, Modjadji P, Madiba S. High prevalence of overall overweight/obesity and 
abdominal obesity amongst adolescents: an emerging nutritional problem in rural high 

schools in Limpopo Province, South Africa. Afr J Prim Health Care Fam Med. (2021) 
13:2596. doi: 10.4102/phcfm.v13i1.2596

 8. Horesh A, Tsur AM, Bardugo A, Twig G. Adolescent and childhood obesity and 
excess morbidity and mortality in young adulthood—a systematic review. Curr Obes 
Rep. (2021) 10:301–10. doi: 10.1007/s13679-021-00439-9

 9. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. Waist circumference 
as a vital sign in clinical practice: a consensus statement from the IAS and ICCR working 
group on visceral obesity. Nat Rev Endocrinol. (2020) 16:177–89. doi: 10.1038/
s41574-019-0310-7

 10. Sarna A, Porwal A, Acharya R, Ashraf S, Ramesh S, Khan N, et al. Waist 
circumference, waist-to-height ratio and BMI percentiles in children aged 5 to 19 years 
in India: a population-based study. Obes Sci Pract. (2021) 7:392–404. doi: 10.1002/
osp4.493

 11. Kimani-Murage EW, Kahn K, Pettifor JM, Tollman SM, Dunger DB, Gómez-Olivé 
XF, et al. The prevalence of stunting, overweight and obesity, and metabolic disease risk 
in rural south African children. BMC Public Health. (2010) 10:1–13. doi: 
10.1186/1471-2458-10-158

 12. Cole TJ. Establishing a standard definition for child overweight and obesity 
worldwide: international survey. BMJ. (2000) 320:1240–3. doi: 10.1136/
bmj.320.7244.1240

https://doi.org/10.3389/fpubh.2024.1324855
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1324855/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1324855/full#supplementary-material
https://doi.org/10.1155/2020/1907416
https://doi.org/10.1093/ajcn/64.4.546
https://doi.org/10.1016/j.diabres.2015.01.032
https://doi.org/10.4102/curationis.v40i1.1662
https://doi.org/10.4102/phcfm.v13i1.2596
https://doi.org/10.1007/s13679-021-00439-9
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1002/osp4.493
https://doi.org/10.1002/osp4.493
https://doi.org/10.1186/1471-2458-10-158
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240


Ntimana et al. 10.3389/fpubh.2024.1324855

Frontiers in Public Health 10 frontiersin.org

 13. Motswagole BS, Ukegbu PO, Kruger HS, Matsha T, Kimani-Murage E, Monyeki 
KD, et al. Waist circumference percentiles of black south African children aged 10-14 
years from different study sites. S Afr J Child Health. (2019) 13:27–35.

 14. Obe MA. Waist to height ratio and the Ashwell® shape chart could predict the 
health risks of obesity in adults and children in all ethnic groups. Nutr Food Sci. (2005) 
35:359–64. doi: 10.1108/00346650510625575

 15. Ashwell M, Gibson S. A proposal for a primary screening tool: keep your waist 
circumference to less than half your height. BMC Med. (2014) 12:207. doi: 10.1186/
s12916-014-0207-1

 16. Zong X, Kelishadi R, Hong YM, Schwandt P, Matsha TE, Mill JG, et al. Establishing 
international optimal cut-offs of waist-to-height ratio for predicting cardiometabolic 
risk in children and adolescents aged 6–18 years. BMC Med. (2023) 21:442. doi: 10.1186/
s12916-023-03169-y

 17. 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 circumference to less than half your height’. Int J Obes. (2006) 30:988–92. doi: 
10.1038/sj.ijo.0803226

 18. Haqq AM, Kebbe M, Tan Q, Manco M, Salas XR. Complexity and stigma of 
pediatric obesity. Child Obes. (2021) 17:229–40. doi: 10.1089/chi.2021.0003

 19. Jonah CM, May JD. The nexus between urbanization and food insecurity in 
South Africa: does the type of dwelling matter? Int J Urban Sustain Dev. (2020) 12:1–13. 
doi: 10.1080/19463138.2019.1666852

 20. Mkhize M, Sibanda M. A review of selected studies on the factors associated with 
the nutrition status of children under the age of five years in South Africa. Int J Environ 
Res Public Health. (2020) 17:7973. doi: 10.3390/ijerph17217973

 21. Drammeh W, Hamid NA, Rohana AJ. Determinants of household food insecurity 
and its association with child malnutrition in sub-Saharan Africa: a review of the 
literature. Curr Res Nutr Food Sci J. (2019) 7:610–23. doi: 10.12944/CRNFSJ.7.3.02

 22. DeWitt E, Gillespie R, Norman-Burgdolf H, Cardarelli KM, Slone S, Gustafson A. 
Rural SNAP participants and food insecurity: how can communities leverage resources 
to meet the growing food insecurity status of rural and low-income residents? Int J 
Environ Res Public Health. (2020) 17:6037. doi: 10.3390/ijerph17176037

 23. San-Cristobal R, Navas-Carretero S, Martínez-González MÁ, Ordovas JM, 
Martínez JA. Contribution of macronutrients to obesity: implications for precision 
nutrition. Nat Rev Endocrinol. (2020) 16:305–20. doi: 10.1038/s41574-020-0346-8

 24. Seo YS, Lee HB, Kim Y, Park HY. Dietary carbohydrate constituents related to gut 
dysbiosis and health. Microorganisms. (2020) 8:427. doi: 10.3390/
microorganisms8030427

 25. Modjadji P, Masilela LN, Cele L, Mathibe M, Mphekgwana PM. Evidence of 
concurrent stunting and obesity among children under 2 years from socio-economically 
disadvantaged backgrounds in the era of the integrated nutrition Programme in 
South  Africa. Int J Environ Res Public Health. (2022) 19:12501. doi: 10.3390/
ijerph191912501

 26. Bigna JJ, Noubiap JJ. The rising burden of non-communicable diseases in sub-
Saharan Africa. Lancet Glob Health. (2019) 7:e1295–6. doi: 10.1016/
S2214-109X(19)30370-5

 27. Ntsekhe M, Fourie JM, Scholtz W, Scarlatescu O, Nel G, Sliwa K. Cardiovascular 
Topics South Africa Country Report. Available at: www.cvja.co.za. (2021);32:47–56.

 28. Cezard G, McHale CT, Sullivan F, Bowles JKF, Keenan K. Studying trajectories of 
multimorbidity: a systematic scoping review of longitudinal approaches and evidence. 
BMJ Open. (2021) 11:e048485. doi: 10.1136/bmjopen-2020-048485

 29. Chau E, Rosella LC, Mondor L, Wodchis WP. Association between continuity of 
care and subsequent diagnosis of multimorbidity in Ontario, Canada from 2001–2015: 
a retrospective cohort study. PLoS One. (2021) 16:e0245193. doi: 10.1371/journal.
pone.0245193

 30. Brandão I, Martins MJ, Monteiro R. Metabolically healthy obesity—heterogeneity 
in definitions and unconventional factors. Meta. (2020) 10:48. doi: 10.3390/
metabo10020048

 31. Piché ME, Tchernof A, Després JP. Obesity phenotypes, diabetes, and 
cardiovascular diseases. Circ Res. (2020) 126:1477–500. doi: 10.1161/
CIRCRESAHA.120.316101

 32. Preda A, Carbone F, Tirandi A, Montecucco F, Liberale L. Obesity phenotypes and 
cardiovascular risk: from pathophysiology to clinical management. Rev Endocr Metab 
Disord. (2023) 24:901–19. doi: 10.1007/s11154-023-09813-5

 33. Lee YH, Park J, Min S, Kang O, Kwon H, Oh SW. Impact of visceral obesity on the 
risk of incident metabolic syndrome in metabolically healthy Normal weight and 
overweight groups: a longitudinal cohort study in Korea. Korean J Fam Med. (2020) 
41:229–36. doi: 10.4082/kjfm.18.0122

 34. Smith MK, Christianto E, Staynor JM. Obesity and visceral fat in Indonesia: an 
unseen epidemic? A study using iDXA and surrogate anthropometric measures. Obes 
Res Clin Pract. (2021) 15:26–32. doi: 10.1016/j.orcp.2020.11.003

 35. Zhao X, Xu H, Qian Y, Liu Y, Zou J, Yi H, et al. Abdominal obesity is more strongly 
correlated with obstructive sleep apnea than general obesity in China: results from two 

separated observational and longitudinal studies. Obes Surg. (2019) 29:2535–47. doi: 
10.1007/s11695-019-03870-z

 36. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard 
deviation from the sample size, median, range and/or interquartile range. BMC Med Res 
Methodol. (2014) 14:1–13. doi: 10.1186/1471-2288-14-135

 37. Toriola A, Moselakgomo V, Shaw B, Goon D, Anyanwu F. Are rural south African 
children abdominally obese? Pak J Med Sci. (2013) 29:740–3. doi: 10.12669/
pjms.293.3136

 38. Kimani-Murage EW. Exploring the paradox: double burden of malnutrition in 
rural South Africa. Glob Health Action. (2013) 6:19249. doi: 10.3402/gha.v6i0.19249

 39. Sebati RB, Monyeki KD, Kemper HCG, Monyeki MS. Which anthropometric 
indices can best estimate obesity amongst Ellisras population from childhood to 
young adulthood? Ellisras longitudinal study. Afr J Phys Activity Health Sci. (2019) 
25:261–71.

 40. Masocha V, Monyeki MA, Czyż SH. Longitudinal relationships between changes 
in body composition and changes in selected metabolic risk factors (abdominal obesity 
and blood pressure) among south African adolescents. PeerJ. (2020) 8:e9331. doi: 
10.7717/peerj.9331

 41. Raphadu TT, Matshipi M, Mphekgwana PM, Monyeki KD. Assessing the 
Association of Sodium, potassium intake and sodium/potassium ratio on blood 
pressure and central adiposity measurements amongst Ellisras undernourished, 
rural children aged 5–13 years: South Africa. Children. (2022) 9:422. doi: 10.3390/
children9030422

 42. De Lucia RE, Ong KK, Sleigh A, Dunger DB, Norris SA. Abdominal fat depots 
associated with insulin resistance and metabolic syndrome risk factors in black African 
young adults. BMC Public Health. (2015) 15:1013. doi: 10.1186/s12889-015-2147-x

 43. Kamkuemah M, Gausi B, Oni T, Middelkoop K. Multilevel correlates of abdominal 
obesity in adolescents and youth living with HIV in peri-urban Cape Town, 
South Africa. PLoS One. (2023) 18:e0266637. doi: 10.1371/journal.pone.0266637

 44. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-
Ottawa scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. 
(2000)

 45. Kimani-Murage EW, Kahn K, Pettifor JM, Tollman SM, Klipstein-Grobusch K, 
Norris SA. Predictors of adolescent weight status and central obesity in rural 
South Africa. Public Health Nutr. (2011) 14:1114–22. doi: 10.1017/S1368980011000139

 46. Ngwenya NA, Ramukumba TS. Prevalence of adolescent obesity at a high school 
in the City of Tshwane. Curationis. (2017) 40:1–7.

 47. Jebeile H, Kelly AS, O’Malley G, Baur LA. Obesity in children and adolescents: 
epidemiology, causes, assessment, and management. Lancet Diabetes Endocrinol. (2022) 
10:351–65. doi: 10.1016/S2213-8587(22)00047-X

 48. Kansra AR, Lakkunarajah S, Jay MS. Childhood and adolescent obesity: a review. 
Front Pediatr. (2021) 8:866. doi: 10.3389/fped.2020.581461

 49. Mohamed HJJ, Yusoff H. Nutrient intakes status and physical inactivity among 
overweight and obese school children in Kota Bharu, Kelantan, Malaysia. Iran J Public 
Health. (2018) 47:1098.

 50. Grigorakis DA, Georgoulis M, Psarra G, Tambalis KD, Panagiotakos DB, Sidossis 
LS. Prevalence and lifestyle determinants of central obesity in children. Eur J Nutr. 
(2016) 55:1923–31. doi: 10.1007/s00394-015-1008-9

 51. Ghasemirad M, Ketabi L, Fayyazishishavan E, Hojati A, Maleki ZH, Gerami MH, 
et al. The association between screen use and central obesity among children and 
adolescents: a systematic review and meta-analysis. J Health Popul Nutr. (2023) 42:51. 
doi: 10.1186/s41043-023-00391-5

 52. Wojcicki JM, Jimenez-Cruz A, Bacardi-Gascon M, Schwartz N, Heyman MB. 
Bimodal distribution of risk for childhood obesity in urban Baja California, Mexico. J 
Urban Health. (2012) 89:628–38. doi: 10.1007/s11524-011-9666-2

 53. Schröder H, Ribas L, Koebnick C, Funtikova A, Gomez SF, Fito M, et al. Prevalence 
of abdominal obesity in Spanish children and adolescents. Do we  need waist 
circumference measurements in pediatric practice? PLoS One. (2014) 9:e87549. doi: 
10.1371/journal.pone.0087549

 54. Misra A, Shah P, Goel K, Hazra DK, Gupta R, Seth P, et al. The high burden of 
obesity and abdominal obesity in urban Indian schoolchildren: a multicentric study of 
38,296 children. Ann Nutr Metab. (2011) 58:203–11. doi: 10.1159/000329431

 55. Bhargava A. Diet quality, child health, and food policies in developing countries. 
World Bank Res Obs. (2015) 30:247–76. doi: 10.1093/wbro/lku011

 56. Chen C, Zhang Y, Sun W, Chen Y, Jiang Y, Song Y, et al. Investigating the 
relationship between precocious puberty and obesity: a cross-sectional study in 
Shanghai, China. BMJ Open. (2017) 7:e014004. doi: 10.1136/bmjopen-2016-014004

 57. Wagner IV, Sabin MA, Pfäffle RW, Hiemisch A, Sergeyev E, Körner A, et al. Effects 
of obesity on human sexual development. Nat Rev Endocrinol. (2012) 8:246–54. doi: 
10.1038/nrendo.2011.241

 58. Matosyan KA, Oranskaya AN, Pustovalov DA, Cherepkova EV, Skotnikova UV, 
Burdyukova EV, et al. Adipose tissue composition in puberty and postpuberty according to 
age, sex (gender), physical activity and alimentary behavior. Vopr Pitan. (2015) 84:88–94.

https://doi.org/10.3389/fpubh.2024.1324855
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1108/00346650510625575
https://doi.org/10.1186/s12916-014-0207-1
https://doi.org/10.1186/s12916-014-0207-1
https://doi.org/10.1186/s12916-023-03169-y
https://doi.org/10.1186/s12916-023-03169-y
https://doi.org/10.1038/sj.ijo.0803226
https://doi.org/10.1089/chi.2021.0003
https://doi.org/10.1080/19463138.2019.1666852
https://doi.org/10.3390/ijerph17217973
https://doi.org/10.12944/CRNFSJ.7.3.02
https://doi.org/10.3390/ijerph17176037
https://doi.org/10.1038/s41574-020-0346-8
https://doi.org/10.3390/microorganisms8030427
https://doi.org/10.3390/microorganisms8030427
https://doi.org/10.3390/ijerph191912501
https://doi.org/10.3390/ijerph191912501
https://doi.org/10.1016/S2214-109X(19)30370-5
https://doi.org/10.1016/S2214-109X(19)30370-5
http://www.cvja.co.za
https://doi.org/10.1136/bmjopen-2020-048485
https://doi.org/10.1371/journal.pone.0245193
https://doi.org/10.1371/journal.pone.0245193
https://doi.org/10.3390/metabo10020048
https://doi.org/10.3390/metabo10020048
https://doi.org/10.1161/CIRCRESAHA.120.316101
https://doi.org/10.1161/CIRCRESAHA.120.316101
https://doi.org/10.1007/s11154-023-09813-5
https://doi.org/10.4082/kjfm.18.0122
https://doi.org/10.1016/j.orcp.2020.11.003
https://doi.org/10.1007/s11695-019-03870-z
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.12669/pjms.293.3136
https://doi.org/10.12669/pjms.293.3136
https://doi.org/10.3402/gha.v6i0.19249
https://doi.org/10.7717/peerj.9331
https://doi.org/10.3390/children9030422
https://doi.org/10.3390/children9030422
https://doi.org/10.1186/s12889-015-2147-x
https://doi.org/10.1371/journal.pone.0266637
https://doi.org/10.1017/S1368980011000139
https://doi.org/10.1016/S2213-8587(22)00047-X
https://doi.org/10.3389/fped.2020.581461
https://doi.org/10.1007/s00394-015-1008-9
https://doi.org/10.1186/s41043-023-00391-5
https://doi.org/10.1007/s11524-011-9666-2
https://doi.org/10.1371/journal.pone.0087549
https://doi.org/10.1159/000329431
https://doi.org/10.1093/wbro/lku011
https://doi.org/10.1136/bmjopen-2016-014004
https://doi.org/10.1038/nrendo.2011.241


Ntimana et al. 10.3389/fpubh.2024.1324855

Frontiers in Public Health 11 frontiersin.org

 59. Ibáñez L, de Zegher F. Adolescent PCOS: a postpubertal central obesity syndrome. 
Trends in Molecular Medicine [Internet]. (2023). Available at: https://www.cell.com/
trends/molecular-medicine/fulltext/S1471-4914(23)00048-5

 60. Chari R, Warsh J, Ketterer T, Hossain J, Sharif I. Association between health 
literacy and child and adolescent obesity. Patient Educ Couns. (2014) 94:61–6. doi: 
10.1016/j.pec.2013.09.006

 61. Huang DY, Lanza HI, Anglin MD. Trajectory of adolescent obesity: exploring the 
impact of prenatal to childhood experiences. J Child Fam Stud. (2014) 23:1090–101. doi: 
10.1007/s10826-013-9766-6

 62. Shah LC, West P, Bremmeyr K, Savoy-Moore RT. Health literacy instrument in 
family medicine: the “newest vital sign” ease of use and correlates. J Am Board Fam Med. 
(2010) 23:195–203. doi: 10.3122/jabfm.2010.02.070278

https://doi.org/10.3389/fpubh.2024.1324855
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.cell.com/trends/molecular-medicine/fulltext/S1471-4914(23)00048-5
https://www.cell.com/trends/molecular-medicine/fulltext/S1471-4914(23)00048-5
https://doi.org/10.1016/j.pec.2013.09.006
https://doi.org/10.1007/s10826-013-9766-6
https://doi.org/10.3122/jabfm.2010.02.070278

	Determinants of central obesity in children and adolescents and associated complications in South Africa: a systematic review
	1 Introduction
	2 Materials and methods
	2.1 Protocol and registration
	2.2 Search strategy
	2.3 Study selection
	2.3.1 Inclusion criteria
	2.3.2 Exclusion criteria
	2.4 Data extraction

	3 Results
	3.1 Determinants of central obesity
	3.1.1 Gender and age
	3.1.2 Physical inactivity
	3.1.3 Dietary practices and general obesity
	3.1.4 Parental socioeconomic and sociodemographic status
	3.2 Complications of central obesity in children
	3.3 Central obesity interventions

	4 Discussion
	4.1 Study limitations and strength

	5 Conclusion
	Data availability statement
	Author contributions

	References

