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The deleterious effects of obesity on chronic disease risk, morbidity, and mortality; its high 

medical, psychological, and social costs; its multiplicity of causes; its persistence from childhood 

into adulthood; the paucity of successful treatment options; the hazards of pharmacologic 

treatments; and the complexities of treatment guidelines all argue for increased attention to the 

prevention of excessive weight gain starting as early in life as possible. Prevention, however, 

requires changes in individual behavioural patterns as well as eliminating environmental barriers 

to healthy food choices and active lifestyles—both exceedingly difficult to achieve. 

Nestle, 2000. 
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SUMMARY 

Studies in both children and adults indicate that waist circumference (WC), a measure of 

abdominal obesity is closely related to cardiovascular risk factors. The accurate 

identification of abdominally obese children in health screening programmes for early 

intervention is of importance.  There are, however, concerns about using international 

definitions for screening purposes because in most instances these have been derived 

from Western populations and, therefore, may have limited usefulness to children in other 

parts of the world. When these cut-off points are used in developing countries, they 

ignore the fact that the growth patterns of children and burdens of disease vary between 

countries.  Due to lack of population specific cut-off points for children in the developing 

world it may be tempting and convenient to use the same cut-off points as for children in 

developed countries, but such a practice runs the risk of exporting failure.  Ideally, a 

screening tool should have both high sensitivity and specificity, and these are important 

considerations in choosing the definition for the detection of childhood abdominal 

obesity. High sensitivity is necessary to avoid failure of identifying obese children and 

high specificity of the screening tool ensures that non-obese children are not misclassified 

as obese, which may otherwise lead to unnecessary treatment and psychosocial 

implications of stigmatisation. Failure to identify the abdominally obese child may have 

more serious consequences than misclassification, since it results in an increase in adult 

morbidity and mortality.  Therefore, the main aim of this thesis was to examine fat 

distribution patterns of black South African (SA) children in relation to health risk.  The 

specific objectives were to: compare the body composition of black stunted and non-

stunted children from two rural communities in South Africa; to describe and compare 

the age and sex specific WC percentile distribution for black SA children from different 

study populations and compare the WC percentile distribution with those for African-

American (A-A) children and to assess the diagnostic accuracy of waist-to-height ratio 

(WHtR) as a marker for high blood pressure, a cardiovascular risk factor in SA children. 

 

Findings of this study demonstrated increased total adiposity in non-stunted children, but 

trends of increased central adiposity, measured as WHtR in stunted children.  This 

warrants further investigation on this relationship among children older than 13 years in 
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the African context where many children are stunted.  The differences observed between 

the different data sets and between SA and A-A children suggest that nationally 

representative data should be used to develop age, sex and ethnic specific WC percentiles 

for this population. The results indicate clearly that the median WC of children from SA 

studies is smaller than those of A-A children, with a medium to large effect size for the 

difference.   Results also suggest concern with respect to high WC values (> 80 cm) 

among some children.  The recommended universal WHtR cut-off value of 0.5 for 

assessment of cardiovascular risk is not suitable for black SA children because it had low 

sensitivity in predicting high blood pressure.  The absence of locally developed cut-off 

values for WC and WHtR for children warrants research due to the associations between 

being overweight and obese and disease outcomes.  It is fundamental to detect risk at an 

early stage so that appropriate intervention can be initiated timeously. 

 

Keywords:  Body composition, abdominal obesity, stunting, waist circumference, 

children, South Africa. 
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OPSOMMING 

Studies in beide kinders en volwassenes toon aan dat middelomtrek (MO), ‘n maatstaf 

van abdominale obesiteit ‗n sterk verwantskap met kardiovaskulêre risikofaktore toon. 

Die akkurate identifisering van abdominale obesiteit is van kardinale belang vir vroeë 

intervensie in gesondheidsprogramme. Daar is kommer oor die gebruik van 

internasionale definisies vir evalueringsdoeleindes, omdat daar in die meeste gevalle 

waardes gebruik word wat afgelei is van Westerse populasies en daarom mag die waardes 

beperkte toepassing hê vir kinders in ander dele van die wêreld. Die gebruik van hierdie 

afsnywaardes vir ontwikkelende lande ignoreer die feit dat groeipatrone van kinders en 

die siekte voorkoms tussen lande verskil. As gevolg van ‘n gebrek aan populasie 

spesifieke afsnywaardes vir kinders in ontwikkelende lande mag dit as maklik en 

gerieflik beskou word om waardes vir ontwikkelde lande te gebruik, maar dit kan 

ongeldig wees. Dit is ideaal dat ‘n evalueringsinstrument beide sensitief en spesifiek moet 

wees en dat beide belangrike oorwegings is wanneer ‘n mens abdominale obesiteit in 

kinders definieer. Hoë sensitiwiteit is noodsaaklik om te voorkom dat obese kinders 

verkeerdelik nie geïdentifiseer word nie en spesifisiteit van die evalueringsinstrument is 

noodsaaklik sodat nie-obese kinders nie geklassifiseer word as obese kinders nie, wat kan 

lei tot onnodige behandeling en psigososiale implikasies van stigmatisering. Die versuim 

om obese kinders te identifiseer kan baie meer nadelige gevolge inhou as verkeerdelike 

klassifikasie, omdat onbehandelde abdominale obesiteit in kinders tot verhoogde 

volwasse morbiditeit en mortaliteit kan lei. Daarom was die hoofdoel van hierdie 

proefskrif om vetverspreidingpatrone in swart Suid Afrikaanse (SA) kinders in 

verhouding tot gesondheidsrisiko te ondersoek.  

 

Die spesifieke doelwitte was om:  die liggaamsamestelling van swart kinders met en 

sonder groeibelemmering van twee plattelandse gemeenskappe in SA te vergelyk;die 

ouderdom- en geslagspesifieke MO persentielverspreiding van swart SA kinders van 

verskillende populasiegroepe te bepaal en vergelyk en ook die  MO 

persentielverspreiding van swart SA kinders met dié van Afrika-Amerikaanse (AA) 

kinders te vergelyk en die diagnostiese akkuraatheid van middel:lengte ratio (MLR) as ‗n 

merker vir hoë bloeddruk, ‗n kardiovaskulêre risikofaktor in SA kinders te bepaal 
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Die resultate van hierdie  studie dui op groter totale vetsug in kinders van normale lengte, 

maar ‗n neiging tot  groter sentrale vetsug, gemeet as MLR in kinders met 

groeibelemmering. Verdere navorsing oor hierdie onderwerp in kinders ouer as 13 jaar in 

Afrika konteks, waar  groeibelemmering algemeen is, is nodig.  Die verskille wat tussen 

die MO verspreiding van SA and A-A kinders dui daarop dat nasionaal 

verteenwoordigende data gebruik moet word om ouderdom-, geslag- en etniesspesifieke  

MO persentiele vir hierdie populasie op te stel. Die resultate dui op duidelike kleiner 

mediane MO van SA kinders as A-A kinders, met medium tot groot effekgroottes vir die 

verskille.   Resultate dui ook op kommerwekkende hoë MO waardes (> 80 cm) in 

sommige groepe SA kinders.  Die aanbevole universele MLR afsnywaarde van 0.5 vir 

bepaling van kardiovaskulêre risiko is nie geskik vir swart SA kinders nie.  Hierdie 

afsnywaarde moet hersien word as gevolg van verskille in MO en lengte van swart SA 

kinders.  Daar is nog geen SA afsnypunte vir MO en MLR vir kinders nie.  Verdere 

navorsing in hierdie veld is dus nodig as gevolg van die verwantskap tussen oorgewig en 

siektes van lewensstyl.  Dit is belangrik om risiko vir hierdie siektes vroegtydig te 

identifiseer, sodat gepaste intervensies vroegtydig ingestel kan word.   

 

Sleutelwoorde:  Liggaamsamestelling, abdominale obesiteit, groei-inkorting, 

middelomtrek, kinders, Suid Afrika. 
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―We are up against social and traditional norms that being fat is a sign that you are 

wealthy, you are successful, you are happy, that your husband can feed you,"  

(Krisela Steyn, 2006). 
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1.0 Introduction 
 

1.1      Problem statement 

1.2      Background  

1.3 Aim of the study 

1.4 Hypotheses 

1.5     Structure of the thesis 

1.6    Author contributions 

1.7    References 

_____________________________________________________________ 

1.1 Problem statement  

A striking feature of the growth patterns of African children throughout the continent 

commonly illustrated in many studies reflects the effects of malnutrition and disease that 

probably masked the underlying growth pattern.  Therefore, much of what is currently 

known of the growth of African children is based on data that are tarnished by the 

adverse environment endemic to Africa.  Several studies published in developed 

countries have demonstrated the relationship between environmental factors such as 

nutrition, energy expenditure associated with physical work and the socio-cultural 

lifestyle and the child‘s body composition (WHO, 2010). Many of these suggest that 

remarkable differences in body composition may exist between children when their social 

background is different.  Obese individuals do not only differ in the amount of excess fat 

stored in their bodies but also in the regional distribution of the fat within the body.  It is 

useful, therefore, to be able to distinguish between those at increased risk as a result of 

abdominal fat distribution or a more evenly and peripheral fat distribution (WHO, 2010).  

Waist circumference (WC) is a simple, easily available anthropometric measurement that 

gives relevant information about fat distribution and reflects the degree of central 

adiposity in children (Galcheva et al., 2009) and has been used as an indicator of 

abdominal obesity with high sensitivity and specificity (Moraes et al., 2010).  This 

indicator has been presenting more accurate positive associations with cardiovascular risk 

factors than other anthropometric indicators.   
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South Africa was once and is still burdened with undernutrition of the poor but now is 

also facing a growing rise in overweight and obese people.  Urbanization and 

modernization have caused huge socio-cultural changes, with large-scale relocation of a 

substantial portion of the rural population from its traditional and mainly agrarian 

lifestyle into quasi-industrial townships and cities with the evolution of urban slums 

characterized by the overhauling of social structures, values, and privileges.  Two major 

and direct consequences of this development have been the change in the dietary patterns 

and lifestyle of many families resulting in an increase in the prevalence of obesity.  In a 

way the culture of urban South Africa is also contributing to the rise in obesity.  Being 

overweight and obese is perceived as a sign of wealth, because money is associated with 

food consumption in many parts of South Africa (Sibbel, 2005).  The paranoid fear of 

HIV/AIDS is part of the problem as well.  It would, therefore, be expected that there be 

some variability in body composition in children raised in such communities which 

would be manifested in their growth patterns and their body build. 

The classification of overweight and obesity and particularly abdominal obesity cannot be 

overemphasized due to the associations with deleterious health outcomes (Stigman et al., 

2009; Cameron et al., 2009; Wigga et al., 2010).  Despite this to date there has not been 

the same level of agreement over the cut-off values of abdominal obesity in children and 

adolescents.  Instead there has been global confusion both in terms of a globally 

applicable reference population and of the selection of appropriate cut-off values for 

designating a child as abdominally obese.  A number of studies have developed reference 

waist circumference percentiles for children and adolescents in different countries 

(Moreno et al., 1999; McCarthy et al., 2001; Katzmaryzyk, 2004; Fernandez et al., 2004; 

Eisenmann, 2005; Hatipoglu et al., 2008).  The cut-off values developed for the 

American population has been the norm because of the exhaustive and comprehensive 

methods used for its development, review and presentation (Fernandez et al., 2004).  In 

several research analyses, these data are often compared with data developed from other 

continents and countries and results have consistently indicated that the American data do 

not adequately describe other populations outside the United States in several different 

situations.  This has thus led to the recommendation that population and country-specific 

cut-off values for WC could be developed (Liu et al., 2010).   
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Information on fatness and fat patterning in South African children is limited (Monyeki et 

al., 2006; Mukuddem-Petersen et al., 2006; Naude et al., 2009).  It is thus important to 

study the fat distribution in South African children.  Children who are at risk of becoming 

obese need to be identified early enough so that appropriate intervention can be initiated.  

This can be achieved by accurate measurement of total and regional body fat and 

evaluating whether an individual child is deviating from normal values or growth trends.  

It is increasingly recognized that the occurrence of adult cardiovascular diseases (CVDs) 

is influenced by factors operating throughout the life course (Kuh et al., 2004).  An 

increased risk for CVD may start in infancy or even before birth and will continue to be 

influenced by health-related behaviour during adulthood.  Children are, therefore, an 

important target group for health intervention.  Prevention is recognized as the only 

feasible option to reduce childhood obesity.  Current treatment practices for obese 

children and adolescents are largely aimed at controlling the problem rather than 

effecting a cure (Lobstein et al., 2004).  The non-availability of well-structured and 

comprehensive age and gender-specific waist circumference percentiles for black South 

African children and adolescents is a current and major challenge for body composition 

research.  The development of waist circumference percentiles and cut-offs for different 

groups would be particularly valuable (Liu et al., 2010).  To date no waist circumference 

reference values for South African children exist.  Therefore, there is an urgent need to 

develop reference values for this specific population group as this will enable health 

professionals to identify children who are at risk of abdominal obesity accurately.  There 

is a need to explore the optimal waist circumference cut-off values for predicting 

cardiovascular risk in this population and assess the influence of stunting on obesity 

development. 

 

1.2 Background 

Childhood and adolescence are the greatest periods of change throughout the lifetime of 

an individual (Spear, 2002; Cameron, 1997).  This period is characterized by changes in 

body shape, beginning of independent and abstract cognitive processes, and the beginning 

of the adolescent's transition to the social values and roles of adulthood (Heald, 1975).  

Biological and hormonal changes, together with the complex social issues that these 
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children face, often overshadow the development of non-communicable diseases 

(Bojorntor, 1992).  The risk factors for these non-communicable diseases include, 

amongst others, the excess accumulation of body fat resulting in obesity.  There has been 

a sharp increase in childhood obesity worldwide (Ebbeling et al., 2002; Lobstein et al., 

2004; Ogden et al, 2006) and this constitutes a major threat to global human health 

(Ozcan et al., 2009).  Wang and Lobstein (2006) estimated that by 2010 approximately 

41% of children in the Eastern Mediterranean region, 38% in Europe and 22% in South 

East Asia will be obese.  The prevalence of overweight and obese children aged 6-13 

years was found to be 14.0% for boys and 17.9% for girls in a study of six provinces in 

South Africa (Armstrong et al., 2006).  In a nationally representative study the prevalence 

of combined overweight and obesity among high school children increased from 21.2% 

in 2002
  
(MRC, 2002) to 25% in 2008, with 35% of high school girls being overweight or 

obese (Reddy et al., 2010). 

 

The rapid rise in obesity trends is considered a major driving force behind the high 

prevalence of pediatric metabolic syndrome (Kelishadi, 2007).  This rapid rise underlines 

the urgency for a definition that could be used to understand further who is at high risk of 

health complications.  Previously a wide range of definitions of metabolic syndrome 

(MS) in children was used until the International Diabetes Federation (IDF) developed a 

consensus definition of MS for children.  The rationale for this was to obtain a 

universally accepted tool which is easy to use for the early diagnosis of metabolic 

syndrome, in order to take preventive measures before the child or adolescent develops 

diabetes or cardiovascular disease.  This definition states that, ―for children age 10 years 

or older, metabolic syndrome can be diagnosed with abdominal obesity (using waist 

circumference percentiles) and the presence of two or more other clinical features 

including elevated triglycerides, low HDL-cholesterol, high blood pressure, increased 

plasma glucose, whilst for ages above 16 years the adult IDF criteria can be used (Alberti 

et al., 2007).  Abdominal fat seems to be the central factor because most patients with the 

syndrome have excess abdominal fat.   

 



6 

 

Puoane et al. (2002) expressed concern that prevention and management of obesity in 

African populations is complicated because of traditional and cultural perceptions 

concerning body size.  Despite the health risks associated with obesity, it is considered a 

sign of health and wealth in many African communities.  In women obesity is thought to 

reflect on a husband‘s ability to care for his wife and family (Mvo et al., 1999).  In 

addition to the well recognized increased morbidity and mortality associated with obesity, 

there is increasing evidence indicating intra-abdominal (visceral) adipose tissue as the fat 

depot with the greatest risk of metabolic complications (Lemieux et al., 2007).  In adults, 

a central patterning of fat has been shown to be associated with coronary heart diseases 

and type 2 diabetes (Must et al., 1992).  Centralization of body fat has been documented 

in white, black and Mexican American adolescents, although the degree of centralization 

differs between ethnic groups (Fernandez et al., 2004).  Goran and Gower (1999) 

maintain that visceral adipose tissue is minimally present in newborns and usually sparse 

among children.  However, the emergence of visceral fat in children and adolescents 

could be interpreted as a specific marker of systemic lipid over accumulation.  Kahn et al. 

(2005) argue that of particular importance to future disease, the excess lipid fuels may 

find their way into ectopic sites of lipid storage where they can cause substantial 

metabolic disruption. 

 

Ajiduah (2002) showed that the prevalence of obesity among children aged 3 to 9 years in 

developing countries ranges between 7 and 10%.  The underlying facts are that obesity is 

common among African urban female adolescents and women, but rare among African 

males (Eboh & Boye, 2005).  South Africa is experiencing a quadruple burden of disease 

comprising pre-transitional diseases, the emerging chronic diseases, injuries, and 

HIV/AIDS (Bradshaw et al., 2003).  The World Health Organization (WHO) 

recommends that developing countries monitor disease trends, particularly the co-

existence of stunting and overweight in children, since these are risk factors for chronic 

disease in adulthood (WHO, 2002).  With reference to obesity the assessment of body 

composition is useful for screening of excess body fatness, its distribution pattern and 

related metabolic complications.  Several techniques are available for estimating body 

composition. Dual Energy X-Ray Absorptiometry (DEXA) and magnetic resonance 
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imaging (MRI) are the most reliable methods to obtain accurate measures of total fat 

(Parker et al., 2003).  These methods are, however, not suitable for field and clinical use.  

Recent attention, therefore, focused on the use of anthropometric markers when 

population size is big, resources are scarce and a quick measure is required.  The 

challenges when using anthropometric measurements are related to the factors that can 

affect their accuracy and precision, namely non-standardized methodology, technical and 

measurement limitations, selection of adequate fat mass prediction equations for each age 

group, and measurement discrepancies between methods (Moreno et al., 2003).  Body 

mass index (BMI) has been a measure of choice in national surveys for defining 

overweight in children and has been recommended by health experts for use in clinical 

practice (Thompson et al., 2007).  The use of BMI has limitations when measuring 

adiposity, and is unable to distinguish between gains in fat free mass and fat mass.  

Accurate measurement of total and regional body fat is critical to detect as early as 

possible whether the population overall or a given child in particular is deviating from 

normal body composition trends (Fernandez et al., 2004).  This is a serious shortcoming 

in the use of BMI because it is well known that excess accumulation of abdominal fat 

rather than peripheral distribution carries a higher risk of obesity related ill health.    

 

In adults it is well established that abdominal adiposity as measured by waist 

circumference is associated with increased risk of cardiovascular disease, dyslipidemia, 

and type 2 diabetes mellitus independent of overall adiposity (Lee et al., 2006).  Until 

recently waist circumference in children was not regarded as being an important measure 

of adiposity.  Lately it has been observed that waist circumference is a reasonably 

sensitive and specific measure of upper body fat and is valuable in identifying overweight 

and obese children at risk of developing metabolic complications.  The health effects 

associated with excessive abdominal fat in children make it an issue of public health 

significance.  De Ridder (1992) and Fox (1993) were among the first to investigate intra-

abdominal fat deposition in children.  Since then several other studies showed strong 

associations between waist circumference and risk factors for coronary heart disease.  

Sarria and co-workers (2001) state that, ―it has been observed that waist circumference is 

a good tool for screening of excess body fat percentage in children and adolescents‖.  A 
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waist circumference at the 75
th

 and 90
th

 percentile indicates a high risk and a very high 

risk for co-morbidities respectively (Fernandez et al., 2004).  Some studies demonstrated 

an adverse atherogenic lipoprotein profile with increasing waist circumference in obese 

children (Flodmark et al., 1993). Others, for example the Bogalusa Heart Study, showed 

that abdominal fat distribution in children aged between 5 and 17 years was associated 

with abnormal concentrations of triacylglycerol, LDL-C, HDL-C and insulin (Freedman 

et al., 1999).  Outcomes of these studies led to the use of waist circumference as a marker 

of abdominal obesity in children and since then reference curves have been developed in 

some countries such as the USA, Canada, UK, Spain, Italy, Cuba, Australia, Japan, 

Germany, Mexico and in Africa, Nigeria.  However, there is no global standard for waist 

circumference in children.  Cut-off values differ between genders, age groups, ethnic 

groups and countries (Kelishadi, 2006). The concept of ―reference values‖ embraces the 

notion of normality, of a desirable, ideal pattern and/or target; thus, the growth pattern of 

one country cannot be considered as the gold standard against which to compare all the 

others (Caroli et al., 2007). National reference curves, thus, will allow an intra-country 

comparison over time or by regions, but cannot be used for comparisons between 

countries.   

 

The waist-to-height ratio (WHtR) is an anthropometric index that can be utilized to 

identify children at risk of developing metabolic complications.  According to Ashwell 

and co-workers (1996), a high WHtR is an estimator of the intra-abdominal mass of 

adipose tissue along with the subcutaneous truncal fat mass in adults.  The WHtR has 

been shown to be associated with cardiovascular risk factors such as, for example, 

hypertension (Hsieh et al., 1995).  A cut-off value of 0.5 for WHtR has been proposed 

(Ashwell et al., 2005); values above 0.5 are associated with an increased cardiovascular 

risk in adults (Freedman et al., 2007).  This cut-off value has not been validated for use in 

children.  It is possible, but not yet demonstrated that the idea of enlarged waist relative 

to height may be easier for patients and their families to grasp than other anthropometric 

indices such as BMI percentiles.  The WHtR is not age or sex dependent, and it could 

potentially replace the use of BMI percentiles for the assessment of cardiovascular 

disease risk associated with overweight and central obesity.  Kahn and co-workers (2005) 
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suggested that if a child‘s WHtR identifies cardiovascular risk at least as well as his or 

her BMI percentile, then the choice of anthropometric index may depend on the 

comparative ease and reliability of the two indices.   

 

This thesis focuses particularly on the distribution of waist circumference, the use of 

WHtR as a marker for high blood pressure and the comparison of fat distribution in 

stunted and non-stunted South African black children.  Discussions on these focus areas 

will provide information about the growth and fat patterning in black South African 

children and also assess the utility of WHtR as a marker for high blood pressure. 

1.3  Aim of the study 

To describe the distribution of waist circumference according to percentiles in black 

South African children aged 6-18 years. 

1.3.1 Specific Objectives 

 

a. To collect additional anthropometric data and add it to already available data and 

use it to describe waist circumference percentile distribution in black South 

African children aged 6 to 18 years. 

b. To explore existing and newly collected data of waist circumference of black 

South African children and compare percentile cut-off points with international 

data sets. 

c. To assess the sensitivity of WHtR in identifying children with high blood 

pressure. 

d. To investigate differences between body composition of stunted and non-stunted 

children using waist circumference and WHtR measurement. 

e.  

1.4 Hypotheses 

a. The suggested cut-off point of 0.5 for waist-to-height ratio as a simple indicator of 

excessive amount of central fat is sensitive to identify South African children with high 

blood pressure. 
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b. Waist circumference and waist-to-height ratio, respectively of stunted and non-

stunted South African children from rural communities are significantly different.  

1.5 Structure of the thesis 

This thesis will be presented in article format; hence the bibliography for Chapters 1, 2 

and 6 will be according to the North-West University style which corresponds to the 

Harvard method and is subscribed to by the International Standards Organization.  The 

bibliography of Chapters 3, 4 and 5 will be according to the style of the journal to which 

the specific article is being submitted for publication. 

 

Chapter 1: Background information for the thesis is given in order to put the topic 

into perspective.  Also included are the specific objectives of the study and 

the thesis structure.  

Chapter 2: The literature review on the thesis topic is given in order to highlight the 

current status of knowledge on the subject and to provide information 

supporting the arguments about the findings.  

Chapter 3: Body composition in stunted compared to non-stunted black South African 

children from two rural communities.  This chapter is written in the format 

of an article and will be submitted for publication in the International 

Journal of Pediatric Obesity. 

Chapter 4: Percentile distribution of waist circumference of black South African 

children from different study populations.  This chapter will be submitted 

for publication (appropriate journal to be identified).  

Chapter 5: The sensitivity of waist-to-height ratio in predicting high blood pressure in 

black South African children.  This chapter is written in the format of an 

article submitted for publication in the Cardiovascular Journal of Africa. 

Chapter 6: General discussion, conclusions and recommendations from the different 

articles will be presented and summarized. 

 

Each chapter will be followed by a bibliography of all the literature sources referenced. 
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LITERATURE 

REVIEW 
 

 

 

FAT DISTRIBUTION AND ITS HEALTH 

IMPLICATIONS: FOCUS ON CHILDREN 

 

 

 

For the medical profession, body fat stores represent a physical trait that can be measured 

and intervened on.  From an evolutionary perspective, however, body fat represents a 

strategy - the strategy of storing lipid rather than oxidising it on an immediate basis, and 

of using these stores to regulate a set of competing biological functions. 

 Leila Beker, 2006. 
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2.0 Literature review 
 

2.1 Overview 

2.2 Body fat distribution 

2.3 Nutritional disorders and body fat in children 

2.4 Health effects of excess abdominal fat 

2.5 Abdominal fat assessment 
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2.7 Summary 
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________________________________________________________________________ 

2.1 Overview 

This chapter reviews literature that is applicable to the understanding of body fat 

distribution and its health consequences.  The review includes a description of fat storage 

mechanisms in the human body, the assessment techniques used for determining 

abdominal fat together with health implications of accumulating excess fat in the body.  

The usefulness of using waist circumference (WC) measurement in children for assessing 

abdominal fat is presented.  The review further highlights the need for the inclusion of 

WC as a vital sign in clinical paediatric practice based on research findings pointing 

towards the association between excess abdominal fat accumulation and adverse health 

outcomes in children later in life.  The inclusion of WC measurement as a vital sign is 

considered as a key step in identifying children at risk of adverse health complications, 

hence action could be taken before it is too late. 

 

2.1.1 Fat storage in adipose tissue. 

Excess accumulation of fat in the body is fundamentally a process of energy balance.  It 

occurs when energy intake is beyond that needed for current energy demands.  This 

excess energy is stored as fat in the adipose tissue during lipogenesis.  Adipose tissue, 

therefore, functions as a storage site for fat.  The excess energy is stored in the form of 



21 

 

triglycerides.  The mechanism of how excess energy is stored in adipose tissue is that 

there may be some kind of abnormal signal that affects adipose tissue metabolism and 

alters fuel partitioning, therefore directing fat storage in adipose tissue instead of use in 

muscle (Trayhurn, 2007).  In adult mammals, the major bulk of adipose tissue is a loose 

association of lipid-filled cells called adipocytes, which are held in a framework of 

collagen fibers (Albright et al., 1998). In addition to adipocytes, adipose tissue contains 

stromal-vascular cells including fibroblastic connective tissue cells, leukocytes, 

macrophages, and pre-adipocytes, which contribute to structural integrity (Albright et al., 

1998). In humans, adipose tissue is located beneath the skin (subcutaneous fat), around 

internal organs (visceral fat), and in the bone marrow (yellow bone marrow) (Albright et 

al., 1998). 

 

2.1.2 Biological role of adipose tissue 

For a long time adipose tissue was considered to be an inactive reserve depot of fat 

(Gooren, 2008).  Adipose tissue has now moved center stage in obesity research, there 

having been a revolution in the understanding of the biological role of the tissue 

(Trayhurn, 2007).  Once perceived as a passive compartment whose sole function was to 

store fat as an energy source, adipose tissue is now viewed as an active endocrine organ 

that produces a variety of factors with a vast array of physiologic actions as shown in 

Figure 2.2.  It is now recognized that it is directly or indirectly involved in the control of 

body weight and energy balance via the secretion of a large number of molecules with 

regulatory potential (Wang et al., 2008). 

Adipose tissue is found as brown and white adipose tissue in mammals including 

humans.  White adipose tissue is a highly metabolic active endocrine organ whose 

products of secretion, i.e. adipokines, have essential roles in energy homeostasis, glucose 

and energy metabolism, cell viability, feeding control, thermogenesis, neuroendocrine 

function, reproduction, immunity, and importantly cardiovascular function (Trujillo et al., 

2006).  The effect of some of these adipokines is covered in another section of this 

chapter.  Different factors secreted by the adipose tissue are shown in Figure 2.2.  

Subcutaneous adipose tissue found directly below the skin is an especially important heat 
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insulator in the body, because it conducts heat only one third as readily as other tissues.  

Brown adipose tissue derives its colour from rich vascularization and densely packed 

mitochondria.  It is metabolically less active, although cold exposure can activate it 

(Albright et al., 1998). 
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Figure 2.2: Diagram showing different factors secreted by adipose tissue. (Al-Mubaslat, 

2005) 

2.2 BODY FAT DISTRIBUTION  

Fat is not uniformly distributed in the body as shown in Table 2.1 and the subcutaneous 

fat tissue is the major lipid storage compartment (about 80% of all body fat) (Arner, 

1997).  Recent studies have shown that lipid partitioning is a major determinant of 

metabolic profile and not obesity per se (Weiss, 2007), in particular abdominal fat.  

Märin et al. (1992) described abdominal fat as composed
 
of abdominal subcutaneous fat 

and intra-abdominal fat.  Intra-abdominal
 
adipose tissue is composed of visceral, or intra-

peritoneal,
 
fat, mainly composed of omental and mesenteric fat and retroperitoneal

 
fat 

masses by delineation along the dorsal borderline of the
 
intestines and the ventral surface 

of the kidney (Wajchenberg, 2000).   
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In situations where the subcutaneous fat tissue reaches threshold levels and can store no 

more fat, the excess is then stored in other body compartments (Weiss, 2007).  These 

depots in other compartments may not be favourable for fat storage and may ultimately 

affect normal metabolic pathways.  The central or abdominal adipose tissue in the 

abdominal region is one such compartment.  Excess intra-abdominal fat may, therefore, 

be a warning sign that excess energy is being stored as fat in unusual places, increasing 

the risk of metabolic complications.  This pattern of fat storage has been observed to 

impact on (i) adipocytokine secretion profile, (ii) circulating concentration of 

inflammatory cytokines and (iii) free fatty acid (FFA) flux (Weiss, 2007). 

Table 2.1: Body Fat distribution 

 

Depot Remarks 

 

Subcutaneous About 80% of all body fat.  Can functionally be divided into 

abdominal and gluteofemoral. 

Visceral Drained by the portal vein.  Anatomically divided into omental and 

mesenteric fat. 

Other Retroperitoneal, perirenal and orbital. 

 

Arner, 1997 

Different individuals do not carry their adipose tissue in the same anatomical locations. 

Adipose tissue that is located predominantly on the upper body has been termed android, 

male, central, upper-body segment, or "apple" distribution.  Whilst in females adipose 

tissue accumulates predominantly in the lower body, and the terms gynoid, female, 

lower-body segment, or "pear" distribution is usually used (Albright et al., 1998).  The 

comparison of these types of body fat distribution is shown in Figure 2.2.  
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Figure 2.2: Illustration of pear and apple body fat distribution (http://www.health-

emark.com-fat body types). 

2.2.1 Fat distribution in children 

Growth during childhood represents a time of rapid change in body composition. 

However, there have been few longitudinal studies that investigated the changes in 

specific fat compartments during the growth process.  Looking at the changes in different 

fat compartments during the growth process may help to elucidate the dynamics of 

growth in children and how changes in body composition may be related to health 

outcomes.  This is especially important for the growth of visceral fat, which may 

contribute to metabolic disease risk (Huang et al., 2001).  Excess fat accumulation in 

children may be influenced by distinct growth periods during early childhood.  Zafon 

(2007) argues that gains in adiposity at key ages are controlled by regulatory mechanisms 

that favour fat storage when energy is readily available and that high fat mass has 

important survival value in the face of stressors likely to be encountered during specific 

developmental periods.  

The first period of increasing body fat mass occurs during the first year of life with rapid 

growth in size but a stable number of adipose cells.  Fat cell size declines over the next 1 

to 2 years and remains stable for several years (Knittle et al., 1979).  The second phase, 

termed adiposity rebound (Rolland-Cachera et al., 1984), is characterized by rapid 

growth in body fat, which usually begins about age 6 years, and includes increases in 

both cell size and cell number.  Linear increases in body fat and percent body fat occur 

from about 2 to 14 years, with a substantial increase in the variability of these measures at 
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about 5 or 6 years, especially among marginalized girls (Ellis et al., 1997).  Children who 

experience adiposity rebound at an earlier age are more likely to have higher adiposity at 

age 14 years (Knittle et al., 1979), and obese adolescents have a relative risk of 5.3 to 6.7 

of remaining obese as young adults (Kotari et al., 1997). 

Previous studies have documented gender and ethnic differences in fat distribution.  He et 

al. (2002) proposed that differences in fat distribution between men and women are 

already evident in prepubertal children.  Afghani and Goran (2006) stated that ‗ethnic 

disparities in central adiposity may be especially complex because of racial differences in 

body size, body composition, regional fat accumulation, insulin levels and insulin 

resistance‘.  On the other hand, Harsha et al. (1980) suggested that racial difference in 

distribution of fat may manifest a genetic adaptive trait developed under circumstances 

demanding both a caloric reserve and facilitation of convective heat loss in tropical 

climates.  The recognition of these differences is of clinical importance because the 

metabolic implications of particular body composition parameters may vary among races.  

For example, the strength of association between specific fat depots and insulin 

sensitivity or high-density lipoprotein cholesterol (HDL-C) was found to be different in 

black and white children (Yanovski et al., 1996).  This emphasizes the importance of 

race-specific interpretations of body composition and the need to explore further 

associations with health risks.  Studies on race-specific fat distribution patterns will guide 

investigations of metabolic implications and possible mechanisms.  Fat distribution seems 

to differ with gender as well.  Male fat deposition is preferentially intra-abdominal at all 

ages (Matsuzawa et al., 1995) and subcutaneous adipose tissue tends to decrease after the 

age of 50 years (Zamboni et al., 1996).  

 

2.3   NUTRITIONAL DISORDERS AND BODY FAT IN CHILDREN. 

It has been long recognized that good nutrition for children is fundamental for attaining 

optimal growth.  Nutrition is coming to the fore as a major modifiable determinant of 

chronic disease, with scientific evidence increasingly supporting the view that alterations 

in diet have strong effects, both positive and negative, on health throughout life (WHO, 

1990).  Most importantly, it has been observed that dietary adjustments may not only 
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influence present health, but may determine whether or not an individual will develop 

such diseases as cancer, cardiovascular disease and diabetes much later in life (FAO, 

2002).  Getting the right balance of nutrients for children is, however, challenging 

because children‘s nutritional needs change as they grow, along with their food 

preferences, eating habits and activity levels.  A number of different nutrition disorders 

may arise, depending on which nutrients are under or overabundant in the diet.  Two 

common nutrition disorders, namely undernutrition and overnutrition are discussed with 

specific focus on children.   

2.3.1 Undernutrition 

Undernutrition is when the body contains lower than normal amounts of one or more 

nutrients (Black et al., 2008).  It includes stunting (short stature for age) and wasting (low 

weight for height) and deficiencies in vitamins and minerals (micronutrient malnutrition) 

(UNICEF, 2006).  The global burden of undernutrition is high and is worsening in some 

countries.  For instance in countries with a high population, such as India, undernutrition 

persists or has worsened.  The estimated number of undernourished people in developing 

countries was 824 million in 1990-92, in 2003–05, the figure stood at 848 million and it 

went up to 923 million in 2007 and reached 967 million in 2008(FAO, 2008).  

Undernutrition, particularly in children, is affecting human beings in all its unkindness, 

preventing individuals and societies from achieving their full potential. Children who 

suffer from undernutrition usually have lowered resistance to infection and are more 

likely to die from such common childhood ailments as diarrhoea and respiratory 

infections (Manary et al., 2004).  Those who survive may be locked into a vicious cycle 

of recurring sickness and faltering growth, often with irreversible damage to their 

cognitive and social development (UNICEF, 2006).  Undernutrion is an outcome of 

various factors resulting from unfavourable circumstances.  These include difficulties in 

obtaining food, unemployment (which determines irregular income for the family), 

limited access to education and health services or illness caused by unsanitary conditions 

(Reyes et al, 2004).  Demographic characteristics such as child‘s age and gender, birth 

interval (both preceding and succeeding) and the mothers age at the child‘s birth, have 

also been associated with child nutritional status (Vella et al., 1992).  Undernourished 
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children normally stop gaining weight and stop growing and in severe cases, especially 

when under 5 years of age, they suffer from the effects more quickly than adults, because 

of their higher nutritional requirements in relation to their small size (British Nutrition 

Foundation, 2005).  Clinically undernutrition is associated with greater mortality rates 

from most childhood diseases (Manary et al., 2004).  However, scientific evidence 

regarding this condition has contributed to improvements in its clinical management and, 

in turn, survival over the last 20 years (Bhutta et al., 2008). 

 

In most of the developing countries even though malnutrition may be due to poverty, 

rates have been observed to worsen during droughts, economic crises, conflicts and 

displacement, and recently the emergence of human immunodeficiency virus (HIV) 

infection (Jamieson, 2006).  Besides poverty, other issues relating to food intake, food 

habits, false beliefs and deep rooted taboos in some countries have a profound impact on 

nutritional status of individuals who hold them, because they affect the selection of diets 

(Onuorah et al., 2003), consequently making the problem of nutritional disorders more 

acute and exerting a much more profound impact on children. 

 

Undernutrition and fat deposition in children 

It is interesting to note that stunting (an outcome of undernutrition) has been linked to 

central fat deposition in children.  There has been some suggestion that stunted children 

are more likely to have increased central body fat compared with normal height children 

and some studies have demonstrated this phenomenon.  A summary of studies on stunting 

and fat distribution in children is given in Table 2.2.  Cameron et al. (2005) noted that 

most of the studies on stunting and obesity in children are cross-sectional and thus do not 

follow the same children through childhood and adolescence.  Observations on growth 

changes and body composition can thus only be inferred through implication and not 

measured within the same children.  A good indication of how stunting affects fat 

distribution in children will be to follow the same children and see how fat distribution 

will change over time. It is possible that the link between stunting and obesity is 

biological in origin (Popkin et al., 1996).  Physiological mechanisms that substantiate the 

http://www.nutrition.org.uk/home.asp?siteId=43&sectionId=395&subSectionId=315&parentSection=299&which=1
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association between previous undernutrition and future obesity have been suggested 

based on observations from studies on stunting and energy balance.  The majority of the 

alterations that occur seem to work towards energy conservation and maintenance of low 

metabolism (Waterlow, 1994).  Sawaya et al. (2003) reviewed studies on stunting and 

risk of obesity.  This review proposes evidence of a series of physiological alterations in 

stunted individuals which provide possible explanation of why stunted children are more 

likely to become obese later in life.  These alterations include the following: 

 

i) Effects on body fatness and growth velocity 

There is some evidence for a disproportionately greater replenishment of body fat stores 

than body protein stores during the period of catch-up growth in infants and children 

recovering from undernutrition (Cameron et al., 2003).  One possible explanation for this 

preferential fat deposition in detriment of protein is the lower cost for fat deposition 

relative to protein.  In addition, the rates of weight gain in infants and children recovering 

from undernutrition are very high: typically 5-15 times greater than the usual mean rate 

of gain in well-nourished children (Sawaya et al., 2003).  These high rates of weight gain 

are necessitated by the fact that slow rates of gain delay recovery with the possible 

consequence of cognitive impairment, prolong expensive treatment, and encourage the 

continuation of opportunistic infections that can cause further problems (Sawaya et al., 

2003). 
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Table 2.2: Summary of studies on stunting and obesity development 

Authors Aim Sample size and 

study location 

Study design Results  Conclusions 

Sawaya et al., 1995 Investigate the 

prevalence of obesity 

and malnutrition in the 

poor Brazilian 

population. 

2411 individuals in 

Sao Paulo, Brazil. 

Cross-sectional Overweight and obesity 

associated with stunting was 

found in 5.8% of boys and 

6.8% girls.  Obesity associated 

with stunting was more 

common than obesity without 

stunting, both in younger 

children and adolescents. 

A high prevalence of 

obesity was associated 

with stunting. 

Schroeder et al., 1999 

 

Determine the 

association between 

poor growth in utero or 

young childhood and 

adult abdominal 

fatness. 

372 girls and 161 

boys in Guatemala 

 

Prospective study 

(children measured in 

1968 & 1977 and 

measured again as 

adults in 1988 & 

1989.  In 1991-1994 

only women 

measured.  

In both sexes, severely stunted 

children had significantly 

greater adult abdominal fatness 

(WHR) as adults. 

Abdominal obesity and 

related chronic disease 

were likely to increase 

where maternal and 

child malnutrition 

existed  alongside with 

economic development 

and urban migration 

Sicheiri et al., 2000 Test the hypothesis that 

undernutrition early in 

life is associated with 

chronic diseases and 

obesity among adults. 

1749 women and 

1444 men, Rio de 

Janeiro, Brazil. 

 

Population based 

survey. 

Short stature was associated 

with the risk of abdominal 

fatness only among women. 

Racial and 

socioeconomic 

conditions, energy 

intake or age at 

menarche did not 

explain increased 

obesity and abdominal 

fatness among short 

women . 

Florencio et al., 2001 Analyze anthropometric 

profile & investigate 

the hypothesis of a co-

existence of 

undernutrition and 

obesity in a very low 

income population. 

1247 individuals in 

the outskirts of 

Macieo, Brazil. 

Cross-sectional Among children aged 10 the 

prevalence of wasting, stunting 

and wasting plus stunting was 

3.8, 8.3 & 8.7% respectively.  

Wasting was most prevalent  

among adolescents with a 

prevalence of stunting & obesity 

seen among girls.  

A clear co-existence of 

high levels of stunting 

and obesity was found. 
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Authors Aim Sample size and 

study location 

Study design Results  Conclusions 

Walker et al., 2001 Determine the effects of 

birth weight and early 

childhood stunting on 

BMI, body fat and fat 

distribution. 

116 stunted and 

190 non stunted 

children at ages 7 

and 11 in Kingston, 

Jamaica. 

Prospective cohort 

study. 

SSF/TSF ratio was significantly 

greater at age 7 in stunted 

children & stunted group had 

significantly lower BMI and 

percentage body fat at 7 years 

than the non stunted group. 

Children stunted in 

early childhood had less 

fat and lower BMI than 

the non stunted children 

but had a more central 

fat distribution. 

Cameron et al., 2005 Determine whether 

African urban children 

stunted at 2 years 

demonstrated an altered 

body composition by 

the end of childhood 

before puberty at 9 

years of age. 

330 prepubertal 

children from 

Soweto-

Johannesburg, 

South Africa. 

Mixed longitudinal 

study 

There were no differences in 

their BMI or centralization of 

body fat.  The odds ratio for 

stunting at 2 years as a 

predictor of overweight at 7 to 

9 years was not significant. 

Study failed to 

demonstrate that central 

fat accumulation is 

evident before the 

initiation of puberty in 

stunted children. 

 

Hoffman et al., 2007 Determine whether 

central fat distribution 

varies between growth 

retarded children and 

normal height children 

from the same 

impoverished 

communities. 

25 stunted and 25 

normal height 

children. 

Prospective study. Stunted children had increased 

truncal fat mass and increased 

% truncal fat mass independent 

of fat.  Also, a significantly 

greater change in truncal fat 

mass independent of fat mass, 

gender and Tanner stage was 

observed. 

 

Stunted children are 

more likely to deposit 

fat centrally when 

entering puberty, a 

significant risk factor 

for chronic diseases. 

EL Taguri et al., 2009 Assess association 

between stunting and 

overweight in children 

under 5years from 5 

Arab countries. 

Lybia-7232, Syria-

5454, Morocco-

5380, Djibouti-

1538 & Yemen 

10924.  

National surveys. Prevalence of stunting and 

overweight differed between 

countries and between urban 

and rural areas. 

More intra-country 

variation in the risk than 

inter country  

BMI = body mass index 

Stunting = low height-for-age 

SSF/TSF ratio = subscapular skinfold/triceps skinfold ratio 

WHR = Waist-Hip ratio 
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ii) Effects on energy balance and fat oxidation 

A number of investigations have suggested that both excessive energy intake to actual 

requirements and low energy expenditure can play important roles in facilitating excessive body 

energy storage in both children and adults (Jequier, 1993; Saltzman & Roberts, 1995). There 

remains controversy over the extent to which hyperphagia and low energy expenditure are direct 

causes of body energy gain as well as being responses to underlying signals that drive energy 

regulation.  Hoffman et al. (2007) describe two mechanisms that might be part of the causal 

pathway of stunting and obesity development.  First, it is possible that an adaptive response of 

limiting fat oxidation is developed during periods of energy restriction (in utero and in early 

childhood).  The result is that during periods of adequate energy, availability of energy will 

favour fat storage over utilization and the central region would be a highly desirable site for 

storage because it can be quickly mobilized in times of need. Unfortunately, for many growth 

retarded persons, this adaptive mechanism may only result in excess fat deposition that promotes 

chronic disease rather than providing a safety mechanism for famines that never return (Hoffman 

et al., 2007).  Another possible mechanism is the metabolism of cortisol, a stress hormone.  In 

response to stress, some people lose weight whereas others gain.  It has been suggested that 

stress exaggerates diet induced obesity through a peripheral mechanism in the abdominal white 

adipose tissue that is mediated by neuropeptide Y (NPY).  Stressors lead to a release of NPY 

from symphathetic nerves, which in turn upregulates NPY and its receptors in a glucocorticoid-

dependent manner in the abdominal fat.  This positive feedback response leads to the growth of 

abdominal fat (Kuo, 2007).  Release of NPY and activation of its receptors stimulates 

angiogenesis, macrophage infiltration and the proliferation and differentiation of new adipocytes, 

resulting in abdominal obesity. This interaction could certainly translate into increased central fat 

deposition (Hoffman et al., 2007).   

 

In South Africa about 2.3 million children suffer from undernutrition (Labadarios, 2000) and the 

South African Government has made the amelioration of infant and child malnutrition a priority.  

One strategy has been the introduction of feeding schemes based at clinics, crèches, schools or 

soup kitchens.  Despite the various national nutrition and primary healthcare efforts in South 

Africa over the last decade, child health has deteriorated (Bourne et al., 2007).  This is seen by 

the rise in infant and child mortality rates, the high prevalence of preventable childhood diseases, 
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e.g. diarrhoea and lower respiratory tract infections and the coexistence of under-nutrition along 

with HIV/AIDS (Bourne et al., 2007).  The prevalence of stunting among 1-9 year old children 

did, however, decrease from 1999 to 2005 in national South African studies, but the prevalence 

of underweight and wasting remained stable (Kruger et al., 2007).  Poor dietary intake, food 

insecurity and poor quality of basic services prevail within this precarious causal web. Failure of 

these programmes has been in part due to the fact that the focus has been on the poor and already 

malnourished, therefore, they failed to address the wider social and economic causes of 

undernutrition.  This is especially important in the South African setting, with its history of 

Apartheid and its present day legacy of gross inequalities (Chopra, 2003). 

2.3.2 Obesity 

Another nutritional disorder is overnutrition mostly referred to as obesity.  Obesity is a medical 

condition in which excess body fat has accumulated to the extent that it may have an adverse 

effect on health, leading to reduced life expectancy (Haslam et al., 2005).  Obesity is commonly 

defined by body mass index (BMI) and can be further evaluated in terms of fat distribution.  BMI 

is calculated by dividing the person‘s weight by the square of his or her height.  Although it 

gives an accurate reflection of body fat percentage in the majority of the adult population, there 

are several other methods used to determine body fat percentage, such as underwater weighing, 

body electrical impedance, magnetic resonance imaging, and air displacement plethysmography 

(BOD POD®).  In children obesity has been defined as a BMI greater than the 95
th

 percentile by 

the Center for Disease Control and Prevention in the USA (Reilly, 2007), or a BMI above age 

and sex specific BMI cut-off points corresponding to an adult BMI of 30 (Cole et al., 2000).  

Many different factors have been identified as contributing to the development and the rising 

rates of obesity worldwide.  Adair (2008) stated that obesity is a multifactorial condition, with 

many biological, genetic, social and environmental influences.  The following section gives an 

overview of the developmental perspective on child obesity that considers the nature of 

biological susceptibility at different stages of growth. 
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Theories of obesity development 

No single theory on the development of childhood obesity is universally accepted and research is 

now turning to complex models such as the ecologic systems theory (Davison et al., 2001), the 

society-behaviour biology nexus (Glass et al., 2006) and the concept of early programming 

(Lucas, 1991).  A brief description of these is presented. 

 

i) Ecological Systems Theory (EST) 

The Ecological Systems Theory (EST) conceptualizes human development from an interactive 

contextual perspective (Davison et al., 2001). According to the EST, development, or change in 

individual characteristics, cannot be explained effectively without consideration of the context, 

or the environment in which the person lives, but also the contexts in which that context is 

situated.  According to the EST, development occurs as a result of interactions within and among 

the various contexts; that is, characteristics of the child interact with processes in the family and 

the school, which themselves are influenced by characteristics of the community and society at 

large.  The application of the EST to predictors of childhood overweight is illustrated in Figure 

2.3.  In the ecological model the environment, including societal characteristics and parenting 

skills overlay the more immediate childhood behaviours, such as diet, physical activity and 

sedentary behaviours (Davidson et al., 2001). 
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(Chid risk factors are given in upper case, while child characteristics are given in lower case). 

Figure 2.3:  Ecological model of childhood overweight predictors (Davidson et al.,2001). 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2530932&rendertype=figure&id=F1
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2530932&rendertype=figure&id=F1
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2530932&rendertype=figure&id=F1
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ii) The society–behaviours–biology nexus 

A graphic illustration of the society–behaviours–biology nexus is given in Figure 2.5.  The 

society–behaviours–biology nexus incorporates the ecologic models and adds an emphasis on 

cross-level interactions that influence biological processes (Stovitz, 2008).  According to this 

model, ground-level social conditions existing in schools, neighbourhoods and homes (such as 

cultural norms, area deprivation, laws and policies, and the local food environment) act as risk 

regulators that influence two key health behaviors, feeding and physical activity dynamically and 

over the life course.  Changes in these behaviours and the relative balance of energy intake and 

output are the primary causes of change in body weight. They are also the primary mediators 

through which risk regulators exert contingent effects on body weight.  Also cross level 

interactions are suggested, whereby risk regulators alter biological factors underwater (HPA axis 

response, mood, appetite, metabolism, gene expression), which in turn directly affect health 

behaviours (Fig. 2.4).  Several important feedback loops are hypothesized, which imply that 

body weight change alters the influence of biological control parameters. 
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Figure 2.4: The society–behaviours–biology nexus (Glass et al., 2006). 
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iii) Early life programming 

Another theory on development of obesity later in life has been the concept of early 

programming.  According to this theory, during early ontogeny the developing organism passes 

through critical windows of sensitivity or plasticity, during which environmental factors generate 

long lasting variability in phenotype (Lucas, 1991).  Foetal programming proposes that the 

adaptation which the foetus makes during periods of less energy intake and availability 

permanently change the function and the structure of the body
 
in adult life.  It may represent a 

further potentially important mechanism that could contribute to the development of obesity 

(McMillen et al., 2004).  Evidence supporting early programming during foetal life has been 

demonstrated in epidemiological studies.  Highlighted in the next section are the three main 

sources of this evidence. 

 

 Prenatal experiences 

Maternal metabolic control during pregnancy 

Rodriguez et al. (1998) demonstrated that maternal type 1 and gestational diabetes were 

associated with increased risk of obesity in the offspring.  The influence of type 2 diabetes seems 

quite complex and it is thought that it might involve either a programming mechanism or genetic 

transmission affectionately referred to as thrifty genotype hypothesis.  Studies on an Indian 

population, which is characterised by high rates of disease, have clearly differentiated between 

these pathways.  Within a pool of mothers who at some stage developed type 2 diabetes, infants 

born after their mothers were diagnosed had a greater risk of developing obesity relative to those 

born before mothers were diagnosed.  Dabalea et al. (2001) hence stated that the intrauterine 

diabetic environment is thus associated with an increased risk of obesity in both childhood and 

adulthood, independently of genetic factors and effects on birth weight. 

 

In-utero malnutrition 

Sayer et al. (2009) described an association between maternal malnutrition and obesity in the 

next generation in a study that followed children born to women after the Dutch Winter Famine 

at the end of the Second World War.  At the age of 19 years a long term effect on obesity was 

observed depending on the timing of exposure to famine.  Famine exposure during the first two 

trimesters of gestation led to children born to be twice as likely to be obese as those not exposed, 
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whilst those exposed in the last trimester had a 40%  less chance of being obese. At the age of 50 

years early exposure to famine was no longer associated with obesity in men but was related to 

obesity in women.  These findings suggested that severe nutritional deficits occurring in critical 

periods in foetal life may have far reaching outcomes for long term body composition even 

without a direct effect on birth weight.   

 

Gestational age at birth 

It is well established that preterm infants have low levels of body fat at birth (Rigo et al., 1998).  

This could mean that fat deposition occurs largely during the last trimester of pregnancy and 

since these children miss this period in the uterus they do not get the opportunity of depositing 

fat.  Body composition studies using MRI have, however, suggested that by term-age preterm 

babies have a more central adipose tissue distribution (Uthaya et al., 2005). 

 Postnatal experiences 

A systematic difference has been observed on the effect of infant weight gain on later body 

composition between industrialized and developing countries (Wells et al., 2007).  Studies in 

Europe have demonstrated that greater infant weight gain predicted height, weight, and lean 

mass, fat mass and waist circumference in late adolescence (Euser et al., 2005; Ekelund et al., 

2006).  Contrary to this, studies from non Western populations showed that infant weight gain 

was associated with later weight, height and lean mass but not fat mass (Li et al., 2003; Wells et 

al., 2007).  This disparity suggests that infant weight gain directed to lean mass or fat mass is 

mediated by the disparity between size at birth and genetic potential (Wells et al., 2007).  A 

possible explanation for these observations is that individuals from industrialized populations 

have probably reached their genetic potential for energy balance mechanisms at birth and are, 

therefore, unable to translate increased energy intake into greater lean mass and hence store 

excess energy as fat.  On the other hand, from developing nations individuals are on average 

small at birth and, therefore, have greater capacity to direct additional energy directly to reducing 

shortages in lean mass.  Inconsistent results have been observed as to whether catch up growth in 

small for gestational age infants is associated only with later fatness in the first year of life or 

beyond.  Ezzahir et al. (2005) and Ibanez et al. (2006) demonstrated that weight gain following 

low birth weight programs development of lean mass and stops within the first year of life.  On 
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the contrary the Avon longitudinal study showed that catch up growth was associated with both 

indices of growth retardation and central adiposity at 5 years (Ness, 2004).  Based on these 

findings it then seems that the impact of post natal growth on later body composition is not 

restricted to the infant period.  Overall, therefore, growth patterns in both infancy and childhood 

contribute to the risk of obesity (Wells et al., 2007).  

iv) Supplementary nutrition programmes 

Supplementary nutrition programmes particularly in developing countries may be contributing to 

increasing overweight prevalence being seen among previously undernourished populations 

(Chakraborty & Anderson, 2010).  Some agencies give food aid to developing nations in an 

attempt to assist the food insecure people in those nations.  Some of these programs have been 

associated with overnutrition among children.  For example two major food assistance programs 

in Latin America were associated with overnutrition in children below the age of 6 years (Uauy 

et al., 2001).  It is possible that while trying to reduce the burden of undernutrition such 

programmes predispose children to excess weight gain.  Therefore, nutrition programmes need to 

be designed and well targeted to reduce the prevalence of undernutrition while preventing the 

onset of overweight in children (Chakraborty & Anderson, 2010).  The programmes have 

evolved beyond the immediate needs of the malnourished and have potential to increase the 

obesity epidemic in developing countries (Misra & Khurana, 2008).  Mason and colleagues 

(2006) argue that supplementary feeding, using external supplies may sometimes be appropriate 

in emergencies and in conditions of extreme poverty  but otherwise it is to be avoided as costly, 

with high opportunity cost, and not very effective; moreover, it can distort programmes, which 

come to be seen largely as a source of free food. 

 

As noted in the vast amount of literature published over the past decade obesity is becoming one 

of the most alarming public health issues facing the world today.  This is because of the 

escalating trends in its prevalence, severity and the occurrence of adverse health outcomes 

particularly among children.  In the UK, child obesity rates doubled or tripled from 1974-2002 

(Stamatakis et al., 2005), and in many countries including the US, Australia, China and Brazil 

child overweight is increasing at a faster rate than adult obesity (Popkin, 2006).  To highlight the 

recent trends in the prevalence of obesity in 2004, 26% of Canadian children and adolescents 

were overweight or obese (Shields, 2004),  whilst results from the 2003-2004 National Health 
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and Nutrition Examination Survey (NHANES) indicated that an estimated 17% of children and 

adolescents aged 2-19 years in the USA were overweight.  The same report also indicated that 

overweight increased from 7.2% to 13.9% among 2-5 year olds and from 11% to 19% among 6-

11 year olds between 1988-94 and 2003-2004 (Ogden et al., 2006).  Bibbins-Domingo et al. 

(2007) used USA government statistics and other data to project that by the time those who are 

adolescents in 2007 turn 35 in 2020 up to 37% of men and 44% of women will be obese, 

resulting in an additional 100,000 cases of heart disease by 2035.  Després (2003) describes these 

trends as only showing the tip of the iceberg since they offer a very modest estimate of the 

magnitude of the problem considering the fact that obesity has adverse health implications both 

in the short and the long term. 

 

South Africa has not been spared from the rampant increase in childhood obesity.  The National 

Food Consumption Survey (NFCS) done in 1999 reported that 17.1% of South African children 

between 1-9 years living in urban areas are overweight (Steyn et al., 2005).  Another study 

conducted in 5 different South African provinces on children aged 3-16 years found the 

prevalence of obesity to be 3.2% for boys and 4.9% for girls, whereas the prevalence of 

overweight was 14.0% for boys and 17.9% for girls (Armstrong et al., 2006).  After adjusting for 

the contribution of each ethnic group to the demographics of South Africa values were slightly 

different.  The prevalence of obesity and overweight among boys was 2.4% and 10.9% 

respectively, while obese and overweight girls comprised 4.8% and 17.5% respectively.  They 

concluded that South African children show trends of obesity and overweight, similar to values 

in developed countries about 10 years ago.  Kruger et al. (2006) conducted a study in the 

NorthWest Province of South Africa and found that 7.8% of children were overweight when 

using the International Obesity Task Force standards.  In an earlier study Monyeki et al. (1999) 

found that the prevalence of obesity and overweight in rural children aged 3-10 years in the 

Limpopo Province was low, 0-2.5% and 0-4.3% in boys and girls respectively. Although 

differences in the prevalence of childhood obesity have been reported for South African children 

from different regions (as illustrated by the above mentioned studies), there is sufficient evidence 

that childhood obesity does exist.  The prevalence of combined overweight and obesity among 

high school children increased from 21.2% in 2002
 
(MRC, 2002) to 25% in 2008, with 35% of 

high school girls being overweight or obese (Reddy et al., 2010). 



39 

 

Finally common nutritional disorders that contribute significantly to adverse health outcomes 

later in life have been highlighted.  Every year, thousands of children die from undernutrition, 

millions more survive only to face diminished lives, unable to develop to their full potential.  On 

the other side of the spectrum obesity is rising in epidemic proportions.  Children who are obese 

face the risk of being overweight in adulthood and thereby increasing their risk of chronic 

diseases.  The fact that the two common nutritional disorders co-exist in most parts of the world 

has serious implications for developing countries, particularly those undergoing rapid nutritional 

transition, as it may further increase the rates of obesity, cardiovascular disease (CVD) and 

diabetes when diets and lifestyles are in themselves "atherogenic" (Delisle, 2002).  The 

challenge, therefore, is for programmes to simultaneously combat apparently opposite nutrition 

problems, undernutrition and over-nutrition.  The knowledge and capacity to prevent and treat 

the causes exist.  Therefore, the eradication of nutritional disorders particularly those affecting 

women and children must remain a high priority.  The reasons for this are obvious, their effect 

on mortality and human capital remain significant and if the foetal programming hypothesis 

proves to be correct, the elimination of foetal and infant undernutrition will contribute to the 

amelioration of non-communicable diseases (Bowman & Russell, 2001). 

 

2.4   HEALTH EFFECTS OF EXCESS ABDOMINAL FAT  

Although total amount of body fat as estimated by the BMI remains an important indicator of 

weight-related illness, location of body fat is equally if not more significant. To be specific, 

abdominal obesity, especially visceral adipose tissue (VAT) increases the incidence of a cluster 

of metabolic disturbances, the so-called metabolic syndrome (Scheen, 2008).  Hamdy et al. 

(2006) stated that ‗obesity, and in particular abdominal obesity, plays a major role in the 

pathogenesis of several metabolic and cardiovascular medical problems including type 2 

diabetes, hypertension, atherosclerosis and coronary artery disease‘.  Several studies have shown 

that the detrimental influence of abdominal obesity on metabolic processes is mediated by intra-

abdominal fat depots (Wajchenberg, 2000).  Due to its anatomic location and peculiar metabolic, 

hyperlipolytic activity, the expanded visceral adipose depot is a key correlate of the altered 

metabolic risk profile observed among individuals with a high-risk abdominal obesity phenotype 
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(Després, 2006).  This cluster of metabolic disturbances, namely type 2 diabetes and associated 

cardiovascular risk appears to be a causal factor for morbidity and premature mortality.   

2.4.1 Metabolic syndrome (MS) 

More than 2 decades ago the concept of "syndrome X" was introduced to describe a cluster of 

metabolic abnormalities that included obesity, high triglyceride concentration, reduced HDL-C 

concentration, hypertension, and glucose intolerance (Al-Mubaslat, 2005).  Since then, the 

understanding of the pathogenesis and complications of this syndrome have evolved 

tremendously.  This is reflected in the names given to the syndrome throughout this evolution, 

including the dysmetabolic syndrome, the deadly quartet, the insulin-resistance syndrome, and, 

more recently, the metabolic syndrome. The latter name has gained acceptance worldwide (Al-

Mubaslat, 2005).  The central features of the MS are insulin resistance, visceral adiposity, 

atherogenic dyslipidemia and endothelial dysfunction (Huang 2009).  These conditions are 

interrelated and share common mediators, pathways and physiological mechanisms.  Després 

(2006) summarized the MS as illustrated in Figure 2.5. 

 

Key: BMI- body mass index   TG- triglycerides 

  PP- post prandial   HDL-C- high density lipoprotein 

  PHLA-postheparin lipolytic activity LDL- low density lipoprotein 

  SNS- symphathetic nervous system CRP- c-reactive protein 

  PAI-1-plasminogen activator inhibitor 

Figure 2.5: Current Perspective of the Metabolic Syndrome (Després, 2006). 
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The pathophysiology of MS is extremely complex and has been only partially elucidated.  There 

is debate regarding whether obesity or insulin resistance is the cause of the metabolic syndrome 

or if they are consequences of a more far-reaching metabolic derangement.  Regardless, the 

concept of a clustering of risk factors leading to adverse health outcomes is well accepted.  

Unger (2003) described MS as failure of a system of intracellular lipid homeostasis which 

prevents lipotoxicity in organs of overnourished individuals.  When this system breaks down the 

results are exogenous fuel overload, ectopic accumulation of lipid in non adipose cells and 

insulin resistance (McKeown et al., 2004).   

 

Obesity has been identified as one of the root causes of MS (NCEP, 2002).  Bagby (2004) 

described the possible mechanisms underlying the development of MS and stated that ‗events 

leading to the development of MS do not follow a linear sequence but occur along a matrix of 

interconnected pathways that mediate interactions among multiple organs and also link these 

organs as a functional unit to regulate total energy homeostasis‘.  It is further stated that 

disturbances may occur at any of these multiple sites due to stimuli acting on the sites for 

example in adipocytes, hepatocytes or skeletal myocytes and that each of these has the capability 

of disturbing the whole energy balance mechanism.  Bagby (2004) argues that, therefore, the 

initiation of MS by obesity is characterised by powerful systemic stimuli that together impair 

energy homeostasis in multiple organs simultaneously leaving no room for protective 

compensation.  These complex pathways are shown in Figure 2.6.  
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Key: TNF-α-Tumor necrosis factor-alpha  IL-6-interleuken-6 

 MCP-1- Monocyte chemoattractant protein-1 FFA-free fatty acid 

 FA-fatty acid     VLDL-very low density lipoprotein 

 TG- triglyceride     ATP-adinosine triophosphate 

 NO-nitrogen oxide 

Figure 2.6: Illustration of the complex pathways of obesity initiated metabolic syndrome 

(Bagby, 2004). 

The prevalence of the MS has been rising with the rising childhood obesity worldwide.  In 

Western countries, the incidence of childhood obesity has more than doubled over the past 

generation, as a consequence the metabolic syndrome and type 2 diabetes mellitus is rapidly 

increasing in the paediatric population (De Ferranti et al., 2004).  Kelishadi (2007) reviewed 

literature from 1950-2007 and summarized the prevalence of MS from various studies in both 

developed and developing countries.  His summary and other studies summarized highlight the 

prevalence of metabolic syndrome in some parts of the world (Table 2.3).  These studies have 

shown the presence of MS in early childhood and an increased prevalence in overweight and 

obese individuals, and this poses a serious problem as childhood MS is thought to persist through 

adulthood (Isomaa et al., 2001).  MS is also observed in normal-weight individuals and those are 

considered to be metabolically obese normal-weight (Ruderman et al., 1998). The few studies 

that have been conducted in developing countries have shown a relatively high prevalence of MS 
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that is paralleled by the increasing obesity in children and adolescents (Kelishadi et al., 2006).  It 

should be noted that the different studies defined MS differently but irrespective of the definition 

used it is quite evident that there is an increasing problem.  

The variations in the prevalence by different definitions were analyzed by Reinehr et al. (2007).  

The prevalence of MS according to eight different definitions was studied in 1205 Caucasian 

overweight children and adolescents aged 4 to 16 years.  Insulin resistance was estimated based 

on the homeostasis model assessment–insulin resistance (HOMA) model.  The prevalence of MS 

varied significantly (p < 0.0001) between 6% and 39% depending on the different definitions 

used.  Only 2% of the children fulfilled the MS criteria in all different definitions.  This led to the 

conclusion that since the prevalence of MS varies widely between the different proposed 

definitions, an internationally accepted uniform definition of MS is necessary to compare 

different populations studied. 
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Table 2.3: Summary of studies on MS showing different prevalence rates among children 

 
Authors Study site and population Results 

 

Csábi et al, 2000 Caucasian children aged 8–18 years, 77 

female & 103 male. Hungary 

The MS was detected in 8.9% of the 

obese children (84 female, 155 male) 

& on 0.4% of the controls. 

Cook et al. 2003 2430 United States children aged 8-18 

years (representative sample). 

Prevalence of MS was 4.2% overall 

and was present in 28.7% of 

overweight adolescents. 

de Ferranti, et al., 2004 1960 United States children aged 12 

years.  

2/3 had at least one metabolic 

abnormality & nearly 1/10 had MS. 

Lambert, et al., 2004 2,244 children and adolescents aged 9 

years from Canada. 

An MS prevalence of 11.5%, with no 

age- or sex-specific difference. 

Cruz, et al., 2004 126 obese Hispanic children aged 8–13 

years in the United States. 

The MS was present in 30% of obese 

children. 

Yoshinaga, et al., 2005 471 overweight and obese Japanese 

children aged 6-11 years. 

The prevalence of MS was 17.7%. 

Agirbasli et al. 2006 1,385 Turkish adolescents aged 10–17 

years. 

2.2% of adolescents had MS. The 

syndrome was 10 times more common 

among overweight and obese (21%) 

than among lean children. 

Esmaillzadeh et 

al.,2006 

3,036 Iranian adolescents aged 10–19 

years. 

The prevalence of MS was 10.1% 

Kelishadi, et al., 2006 Iran national survey of 4,811 children and 

adolescents. 

The prevalence of the MS was 14.1% 

with no difference between boys and 

girls. 

Singh, et al., 2007 1083 school going adolescents aged 12–

17 years in India. 

The prevalence of MS was 4.2% and 

increased to 5.8% when plasma fasting 

glucose cut-off was lowered to 

5.5mmol/L. 

 

Kim, et al., 2007 South Korean adolescents in 1998 and 

2001 aged 12–19 years (1,317 in 1998 and 

848 in 2001). 

Overall prevalence of MS increased 

from 6.8% in 1991 to 9.2% in 2001. 

 

Li, et al., 2008  1569 school children aged 13-18 years in 

Tunisia. 

The overall prevalence of MS was 

0.4% with no statistical difference 

between boys and girls. 

 

Messiah, et al., 2009 224 overweight 1
st
 and 2

nd
 generation US 

immigrant from central / south America 

and Caribbean basin aged 3-18 years. 

The prevalence of MS was 29% 

overall. 

 

Matsha, et al., 2009 1272 learners aged 10–16 years in South 

Africa. 

The prevalence of MS was 6.5% 

overall. 

MS-Metabolic Syndrome. 

 

Despite the high prevalence of obesity reported in South African children (Armstrong et al., 

2006; Reddy et al., 2010), there is limited data on the prevalence of MS in children. However, 
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Matsha et al. (2009) did a study to identify South African children from different racial groups 

with the MS using the National Cholesterol Education Programme, Adult Treatment Panel 

(NCEP ATP III) or the International Diabetes Federation (IDF) definitions, and determined the 

proportion of normal-weight children that are metabolically obese.  The sample size for this 

study was 1272 children aged 10–16 years that were recruited through a proportionally stratified 

multistage random sampling technique from government funded primary and secondary schools 

using a list of 107 schools obtained from the Western Cape Education Department.  The NCEP 

ATP IIII and IDF for children 10–16 years old were used to define MS.  Results of this study 

showed that only 1.9% of the children were identified with MS using the IDF definition. MS was 

more prevalent in obese children using either the NCEP ATP III (30.8%) or IDF (13.2%) 

(p=0.002).  In normal-weight children the IDF definition underestimated MS, 0.1% versus 2.4% 

by NCEP ATP III (p<0.001), whereas of the 83 (6.5%) children who were identified with the MS 

using the NCEP ATP III definition, 24 (28.9%) were of normal-weight. 

It should be noted that the variation in prevalence in different studies may be because of a lack of 

universally accepted criteria defining the syndrome.  Therefore, in comparing studies caution 

must be taken to consider the definition of MS used.  The task of arriving at a universal 

definition for the MS has been challenging.  Much debate exists as to what elements need to be 

included and which cut-off points should be used by researchers to identify the condition more 

easily and make it possible to compare its prevalence in different parts of the world (Al-

Mubaslat, 2005).  In 1998 the World Health Organization (WHO) presented its initial definition 

of the metabolic syndrome (Table 2.4).  The name of the syndrome was changed to metabolic 

syndrome primarily because central obesity was not included in the original description by 

Reaven (1988).  It is based
 
on the assumption that insulin resistance is one of the major

 

underlying contributors to the metabolic syndrome, and features
 
impaired glucose regulation 

(impaired glucose tolerance, diabetes
 
or insulin resistance) at its core. It is important to take note 

of two facts in the WHO description:  

 Each component of the syndrome conveys increased cardiovascular risk, but as a 

combination they become much more powerful. 

 The features of metabolic syndrome may be present for up to 10 years before detection 

of glycaemic disorders. 
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Following the publication of the WHO definition in 1999, the European Group for study of 

Insulin Resistance (EGIR) proposed a modified version to be used in non-diabetic
 
subjects only.  

The group was interested in insulin resistance
 
and this became the cornerstone of this definition.  

EGIR proposed
 
the use of fasting insulin levels to estimate insulin resistance

 
and impaired fasting 

glucose (IFG) as a substitute for impaired
 
glucose tolerance (Alberti, 2006). 

The International Diabetes Federation (IDF) also defined criteria for diagnosing metabolic 

syndrome (Zimmet et al., 2007).  This definition includes the same general criteria as the other 

definitions, but requires that obesity, and not necessarily insulin resistance, be present.  The 

obesity requirement is met by population-specific cut points.  This accounts for the fact that 

different populations, ethnicities and nationalities have different distributions of norms for body 

weight and waist circumference.  It also recognizes that the relationship between these values 

and the risk for type 2 diabetes (T2D) or cardiovascular disease (CVD) differs in different 

populations.  For example, South Asian populations have an increased risk for T2D and CVD at 

smaller waist circumferences that would not be considered to meet the criteria in a Western 

population.  The IDF definition has been criticized for its emphasis on obesity, rather than 

insulin resistance, in the pathophysiology of MS (Huang, 2009). 

The 2001 NCEP ATP III guidelines defined metabolic syndrome differently (see Table 2.4). 

Fasting plasma glucose rather than 2-h post-load glucose value and waist circumference instead 

of waist-hip ratio (WHR) and BMI are included.  The cut-off values for HDL-C and 

hypertension are different and microalbuminuria is not included as one of the criteria.  Waist 

circumference is simpler to measure, culturally more acceptable and is a better indicator of 

central obesity compared to waist-hip ratio (Montague et al, 2000).  It is open to debate whether 

fasting plasma glucose measurement is as sensitive as 2-h value during 75g oral glucose 

tolerance test (OGTT) in identifying glycaemic disorders in the Asian population (Qiao et al., 

2000).  Irrespective of the definition used to define MS in children, investigators have shown the 

presence of MS in early childhood and an increased prevalence in overweight and obese 

individuals, and this poses a serious problem as childhood MS is thought to persist through 

adulthood (Isomaa et al., 2001).  The rapid rise in obesity trends underlines the urgency for a 

definition that could be used to know who is at high risk of health problems and to differentiate 

them from those with uncomplicated obesity.  
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Table 2.4:  Different definitions of metabolic syndrome 

 
 WHO (1998) EGIR (1999) IDF (2005) NCEP ATP III 

2005 

(revision) 

Absolutely 

required 

Insulin 

resistance*(IGT, 

IFG,T2D or other 

evidence of IR). 

Hyperinsulinemia  

(plasma insulin > 

75
th

 percentile). 

Central 

obesity(WC
  
: 

94 cm(M) 

80 cm (F) 

None 

Criteria Insulin resistance or 

diabetes, plus 2/5 

criteria below. 

Hyperinsulinemia, 

plus 2/4 criteria 

below. 

Obesity plus 2/4 

criteria below. 

Any3/5 

criteria below. 

Obesity WHR: > 0.90 (M), 

>0.85 (F); or     BMI 

> 30kg/m
2
. 

WC: 94 cm(M), 

80 cm (F) 

Central obesity 

already required. 

WC: > 40 

inches (M), > 

35 inches (F). 

Hyperglyceamia IR already required. IR already required. Fasting glucose  

100 mg/dl 

Fasting 

glucose  100 

mg/dl or Rx. 

Dyslipidemia  TG 150mg/dl or 

HDL-C < 35mg/dl 

(M), < 39 mg/dl (F). 

TG 177mg/dl or 

HDL-C < 39 mg/dl.  

TG 150mg/dl or 

Rx. 

TG 150mg/dl 

or Rx. 

Dyslipidemia 

(second, separate 

criteria). 

- - HDL-C: < 40 

mg/dl (M), <50 

mg/dl (F); or Rx. 

HDL-C: < 40 

mg/dl (M), 

<50 mg/dl (F); 

or Rx. 

Hypertension  140/90 mmHg  140/90 mmHg or 

Rx. 

 130mmHg 

systolic or > 85 

mmHg diastolic 

or Rx. 

 

 130mmHg 

systolic or > 

85 mmHg 

diastolic or 

Rx. 

 

Other criteria Microalbuminuria     

*IGT=Impaired glucose tolerance, IFG=Impaired fasting glucose, T2D=Type 2 diabetes 
 
Urinary albumin secretion of ≥ 20μg/min or albumin to creatinine ratio of ≥ 30μg/g 

 Reliable only in patients with T2D 

 Criteria for central obesity (waist circumference) are specific for each population: values given are for European 

male and females 

IR= Insulin resistance: M=male; F=female, WC-Waist circumference, WHP= Waist-Hip ratio  

Rx, pharmacologic treatment (Huang, 2009) 

 

Of the various definitions for the MS Huang (2009) argues that the NCEP ATP III definition is 

the easiest to apply clinically and epidemiologically, because it uses straightforward criteria that 

are measured readily.  He went on to state that ‗it is one of the most widely used criteria of 

metabolic syndrome, incorporating the key features of hyperglycemia/insulin resistance, visceral 

obesity, atherogenic dyslipidemia, hypertension and uses measurements and laboratory results 

that are readily available to physicians, facilitating its clinical and epidemiological application‘.  
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It is also simple and easy to remember. Importantly, it does not require that any specific criterion 

be met; only that at least three of five criteria are met.  Thus, the definition does not build in any 

preconceived notion of the underlying cause of MS. 

 

Although overall obesity is the most common cause of metabolic complications such as insulin 

resistance
 
in children and adolescents, some obese youth have been found to be very insulin

 

sensitive and thus at reduced risk for the development of
 
the adverse cardiovascular and 

metabolic outcomes driven by
 
insulin resistance.  In a study aimed at discovering the underlying

 

pathophysiology of altered glucose metabolism in obese children
 

and adolescents, it was 

demonstrated that individuals
 
with IGT were significantly more insulin resistant than individuals

 

with normal glucose tolerance, despite having an overall equal
 
degree of adiposity (Weiss et al., 

2003).  The difference in insulin sensitivity
 

was attributed to different patterns of lipid 

partitioning. 
 

Individuals with severe insulin resistance were characterized
 

by increased 

deposition of lipid in the visceral and intra-myocellular
 
compartments.  Brambilla et al. (1994) 

stated that ‗in children, visceral fat has been shown to be positively related to a wide range of 

health indicators, including total cholesterol, low-density lipoprotein cholesterol, triacylglycerol, 

insulin area under curve after an oral glucose test, basal insulin secretion, and stimulated insulin 

secretion‘. 

The last several years have witnessed a heightened interest in the MS, as it has become a health 

issue of epidemic proportions (Al-Mubaslat, 2005).  Hence much research has been conducted 

which gives evidence on the link between central fat and the various components of MS in 

human beings.  Several metabolic abnormalities emerge as key players in the pathogenesis of the 

syndrome, including insulin resistance, obesity and inflammation.  Individuals with the MS are at 

increased risk for a variety of clinical conditions, some with serious health implications, 

particularly diabetes and cardiovascular disease.  There has been a well-documented pediatric 

obesity epidemic
 
and a dramatic increase in clinical diseases associated with

 
it (Choudhary et al., 

2007).  Even though the complications of central obesity occur in nearly every organ in the body 

the focus of the following section will be on just three disease conditions associated with central 

obesity.  These are diabetes, cardiac and hepatic disorders. 
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2.4.2 Diabetes 

Childhood obesity has been accompanied by an increase in the prevalence of type 2 diabetes 

(Sinha et al., 2002).  Dr. Francine Kaufman, head of the Diabetes Centre in California Hospital, 

USA once said ‗about 25% of the diabetic children treated there have type 2 diabetes, compared 

with just 4% a decade ago‘.  In adults, type 2 diabetes develops over a long
 
period, and most, if 

not all patients initially have impaired
 
glucose tolerance, which is an intermediate stage in the 

natural
 
history of type 2 diabetes (Polonsky et al., 1996).  Much research has been conducted in 

an effort to try and understand why obesity predisposes some individuals to diabetes.  One 

proposed explanation to this is that the cells release fat and breakdown products of fat into the 

blood.  These products may make cells less able to respond to insulin, increasing the body‘s 

demand for the hormone.  Another possible explanation is a paradoxical finding about a 

hormone, adiponectin, made by fat cells.  Adiponectin makes cells more responsive to insulin.  

Adiponectin reduces blood glucose levels by increasing fatty acid combustion in myocytes 

(Gualillo et al., 2007).  Oddly enough, Dr. C. R Kahn, a diabetes researcher stated that ‗the fatter 

people become, the less adiponectin their fat cells produce‘.  So one way obesity might increase 

the risk that a person will develop diabetes is by leading to a release of more fatty acids and a 

decline in adiponectin.  This would lead to more insulin resistance and a demand for more 

insulin.  If that demand cannot be met, the result, eventually, would be diabetes (Snehalatha et 

al., 2003). 

Sinha et al. (1996) conducted a study to determine the
 
prevalence of impaired glucose tolerance 

in a multiethnic cohort
 
of 167 obese children and adolescents in the US.  They measured fasting 

levels
 
of proinsulin and calculated the ratio of proinsulin to

 
insulin.  Insulin resistance was 

estimated by
 
homeostatic model assessment, and beta-cell function was estimated

 
by calculating 

the ratio between the changes in the insulin
 
level and the glucose level during the first 30 minutes 

after
 
the ingestion of glucose.  The findings were that impaired glucose tolerance was detected in 

25%
 
of the 55 obese children (4-10 years of age) and 21%

 
of the 112 obese adolescents (11-18 

years of age); silent
 
type 2 diabetes was identified in 4% of the obese adolescents. 

Williams et al. (2005) used data from the 1999–2000 National Health
 
and Nutrition Examination 

Survey (NHANES) to examine the prevalence of IFG and its relationship with
 
overweight and 

CVD risk factors in a nationally representative
 
sample of US adolescents aged 12 to 19 years.  
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Prevalence of IFG was higher in overweight adolescents (17.8%)
 
but was similar in those with 

normal weight and those who were
 
at risk for overweight (5.4% vs. 2.8%).  There were ethnic 

differences in the prevalence of IFG, and 13.0%,
 
4.2%, and 7% of Mexican Americans, non-

Hispanic black individuals,
 
and non-Hispanic white individuals, respectively, presented with IFG 

(Williams et al., 2005).  Lee et al. (2006) reviewed the results of the National Survey of 

Children's Health, a population-based survey involving more than 100,000 children.  When 

taking into account the children's BMI, they found those who were obese were more than twice 

as likely to have diabetes as their counterparts of normal weight. 

 

The prevalence of type 2 diabetes is increasing in Sub-Saharan Africa (Amos et al., 1997).  In 

the rapidly urbanizing and Westernizing indigenous African population of South Africa diabetes 

is common (Mollentze et al., 1995), but has not been well characterized. As in the general 

population, coronary heart disease (CHD) remains rare in these diabetic Africans (4.0%) in 

comparison with the local white diabetic population (23%), with an apparent reversal of the 

usual male: female ratio (Kalk et al., 2008).  These differences were not fully explained by 

conventional risk factor analysis, but once CHD is present, the risk profiles are similar in each 

race (Kalk et al., 2008).  In contrast, among the ethnic groups in the United States, CHD is most 

frequent in the African-Americans, partly explained by high rates of obesity, hypertension, 

diabetes, and possibly the metabolic syndrome (Ninomiya et al., 2004)  

 

2.4.3 Cardiac disorders 

The biological effects of obesity on the heart are quite profound and evidence suggests that the 

dysmetabolic profile observed in obese individuals is predictive of a substantially increased risk 

of CHD even in the absence of classical risk factors (Despres, 2006).  Besides an altered 

metabolic profile, a variety of alterations in cardiac structure and function occur in the individual 

as adipose tissue accumulates in excess amounts even in the absence of co-morbidities.  Hence 

obesity may affect the heart through its influence on known risk factors such as dyslipidemia, 

hypertension, glucose intolerance, inflammatory markers, obstructive sleep 

apnea/hypoventilation, and the prothrombotic state, in addition to as-yet-unrecognized 

mechanisms (Poirier et al., 2006).  On the whole, overweight and obesity predispose to or are 



51 

 

associated with numerous cardiac complications such as CHD, heart failure, and sudden death 

because of their impact on the cardiovascular system.   

 

Convincing evidence from a number of studies has provided strong support that obesity increases 

the risk for CVD.  The MS is well recognised as posing a major risk for CVD in adults, however, 

substantial evidence now indicates that this syndrome begins in childhood and, therefore, 

significant cardiovascular risk begins in childhood (Hanevolt et al., 2004).  The following 

section looks at studies relating obesity to cardiac disorders.  Yan and colleagues (2004) 

examined the relationship of BMI earlier in life with illness and causes of death after age 65 

years.  Investigators found the risk for death due to CHD for obese patients, when compared to 

those of normal weight in the same risk category, was 43% higher for the low-risk group and 

2.1-times higher for the moderate-risk group. They also established that obese individuals in the 

low-risk group, compared to those of normal weight, had a 4.2-times higher risk for 

hospitalization for conditions related to CHD. 

Khan et al. (2003) investigated the relationship between microvascular function and 

cardiovascular risk factors in 145 normal, healthy children aged 11–14 years. Skin microvascular 

responses, measured using laser Doppler imaging, to iontophoresis of acetylcholine (ACh) and 

sodium nitroprusside (SNP), were negatively correlated with percentage body fat (r = −0.20, P < 

0.05 and r = −0.18, P < 0.05, respectively).  In a cross-section of healthy children, microvascular 

function was negatively associated with adiposity. Additionally, in a subgroup of subjects, there 

was a clustering of high post-feeding glucose, impaired microvascular function, increased insulin 

resistance and higher central fat distribution.  They concluded that risk factors for adult 

cardiovascular disease begin to cluster in normal children, which might have important 

consequences for development of atherosclerosis later in life. 

In another study of cardiac disorders De Jongh et al. (2004) examined the effects of both FFA 

elevation in lean women and FFA lowering in obese women on skin microvascular function.  

They postulated that it may constitute a pathway through which obesity increases
 
blood pressure 

and decreases insulin sensitivity. Second,
 

it may directly contribute to obesity-associated 

microangiopathy.
 
Indeed, there is some evidence that measures of obesity in healthy

 
individuals 

are associated with impaired microvascular function.
 
In addition, microvascular dysfunction has 
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been shown to increase
 

peripheral vascular resistance and antedate the development
 

of 

hypertension, indicating a role for microvascular dysfunction
 
in the development of hypertension 

(Antonios et al., 1999).  In Rome a study by Menghetti et al. (2007) found a prevalence of 

overweight and obesity in adolescents of 31.7% and 10.3%, respectively, with a slightly higher 

presence of males in both cases. The whole sample showed a prevalence of hypertension of 

10.1%. Systolic and diastolic BP showed a direct association with BMI and waist circumference 

(P<0.01). BMI and systolic and diastolic BP were lower in active students (>7 h a week of 

physical activity).  Food habits were not associated with hypertension.  Gami et al. (2007) 

performed a meta-analysis of longitudinal studies to assess the association between MS and 

incident cardiovascular events and death. Included were 37 studies comprised of 43 cohorts 

(inception 1971 to 1997) and 172,573 individuals.  The relative risk of cardiovascular events and 

death was 1.78 (95% confidence interval 1.58 to 2.00).  Subgroup and sensitivity analyses 

provided further insights into important issues regarding the cardiovascular risk associated with 

MS. The association remained after adjusting for individual cardiovascular risk factors. The 

entirety of the available evidence supports that MS is associated with an increased risk of 

cardiovascular events and death. 

 

2.4.4 Hepatic disorders 

Non-alcoholic steatohepatitis, popularly known as fatty liver disease, has been observed in some 

obese children (Sanjay et al., 2002).  Fatty liver disease, in which fat accumulates in the liver, 

while not life threatening in children, can lead to cirrhosis (scarring) of the liver, sometimes 

requiring transplantation by adulthood.  This condition has been attributed to changes in hepatic 

fatty acid oxidation.  Reddy and Rao (2006) described three pathways of hepatic fatty acid 

oxidation which could explain the onset of this liver condition in children.  These are: 

 

a. -Oxidation- this occurs in the mitochondria and its rate is regulated by carnitine 

palmitoyltransferase (CPT1) and the mitochondrial trifunctional protein (MPT) complex. 

b.  Peroxisomal -oxidation- occurs within peroxisomes and is rate-limited by the 

peroxisomal L-bifunctional enzyme (L-PBE), acetyl-COA oxidase (ACO), and urate 

oxidase (UO) 
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c. Lastly -oxidation which occurs in the endoplasmic reticulum, and is dependent upon 

expression of the cytochrome enzymes CYP4A10 and CYP4A14. 

 

Stimulation of these pathways either individually or collectively could help remove excess free 

fatty acids from the liver and attenuate non-alcoholic steatohepatosis (NASH) (Baskin-Bey et al., 

2007).  This could lead to hepatic steatosis and hyperinsulinemia.  Hepatic steatosis is thought to 

represent the first step towards the subsequent development of non-alcoholic steatohepatosis 

(Schaffner et al., 2003).  This probably explains why an increase in visceral adipose tissue is a 

causative risk factor for fatty liver disease and non-alcoholic liver disease.  Non alcoholic fatty 

liver disease (NAFLD) is not confined to adults and is now the most common liver disease 

among obese children and adolescents in North America (Lavine et al., 2004).  NAFLD
 
was 

found in the Third NHANES to be most prevalent in obese African-American and Hispanic
 

males, with type 2 diabetes, hypertension and hyperlipidemia
 
(Meltzer et al., 1997). These 

associations have led to the hypothesis that NAFLD
 
may precede the onset of type 2 diabetes in 

some individuals.
 
Although the natural history of NAFLD in children is unknown,

 
it may 

progress to cirrhosis and related complications (Feldstein, 2003). The spectrum of NAFLD 

includes steatosis alone (accumulation of triglyceride and fatty acids in liver cells); 

steatohepatitis (fatty liver along with liver cell injury and inflammation, which may lead to 

fibrosis); and cirrhosis (Schaffner et al., 1986).  Possible mechanisms that could explain the 

etiology of metabolic complications will be discussed in the next section. 

2.4.5 Cancer 

Obesity comes with plenty of health risks, but there is one that is perhaps not so well known: an 

increased risk of developing cancer.   The cancer types that have been associated with obesity 

include cancer of the colon, breast cancer, endometrial cancer, cancer of the kidney and 

esophageal cancer (Calle & Kaaks, 2004).  There has also been a reported link of obesity to the 

cancer of the ovaries, gallbladder and pancreas.  These associations have been found to be in a 

sex and site-specific manner.  This means that there are sex and cancer site–specific biological 

mechanisms underpinning these associations, and it is unlikely that there is a ―one system fits all‖ 

mechanism (Roberts et al., 2010).  Three main candidate systems have been proposed—insulin 

and the insulin-like growth factor–I axis, sex steroids, and adipokines. Due to some shortfalls 

within these mechanisms, three novel candidate mechanisms have been proposed: obesity-
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induced hypoxia, shared genetic susceptibility, and migrating adipose stromal cells (Roberts, et 

al., 2010).  Although it has been  known for some time that excess weight is an important factor 

in death from cancer (Carroll, 1998),  the knowledge of the magnitude of the relation, both for all 

cancers and for cancers at individual sites, and the public health effect of excess weight in terms 

of total mortality from cancer is limited (Calle et al., 2003).  In obesity, different endocrine and 

metabolic signals lead to insulin resistance, which results in a permanent compensatory 

hyperinsulinemia and increased levels of bio-available IGF-1. This section will focus on insulin 

resistance and cancer link because the other mechanisms are beyond the scope of this thesis. 

 

Similarities have been noted between risk factors, cancers and insulin resistance that have led to 

the suggestion that hyperinsulinemia might contribute to cancer development through the growth 

promoting effect of elevated levels of insulin.  According to Renehan et al. (2006) the insulin 

cancer hypothesis (complex format) demonstrates the complex interrelationships between 

obesity, insulin resistance and pathways that might favour tumour development.  Within these 

complexities the simple hypothesis (outlined by the dotted line) is a small part of the overall 

network of systems that link obesity and cancer.  In brief the simple hypothesis postulates that 

prolonged hyperinsulinemia reduces the production of IGFBP-1(insulin-like growth factor 

binding protein 1) and IGFBP-2.  This results in increases in the levels of free bioactive IGF-I 

and concomitant changes in the cellular environment that favour tumour development.  This is 

the hypothesis in its simplest form and is summarized in Figure 2.7.  However this might be 

over-simplistic as several other excess body weight related molecular pathways might be 

relevant to tumour formation. 
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KEY

SIMPLE 

HYPOTHESIS

Figure 2.7: Diagrammatic representation of the complex insulin-cancer hypothesis (Renehan, et 

al., 2006). 

 

In the context of childhood obesity as evidence suggests that if overweight or obesity persists 

from childhood through teenage years, the risk of obesity during adulthood is greater.  Therefore, 

efforts to reverse the increasing prevalence of obesity must continue to be supported, in 

particular strong, effective and urgent measures to prevent childhood obesity and reduce the 

prevalence of overweight as much as possible. Children should be enabled to begin their lives 

with the best chance possible - at the lowest part of the healthy weight range and should aim to 

stay at that level throughout their lives. Researchers at Bristol University in Scotland stated that 

‗If the cancer risk among today‘s young people mimics that of previous generations, our 

observations suggest that the impact of current childhood obesity on the cancer burden in the 

second half of this century may be substantial‖.  As the worldwide obesity epidemic has shown 

no signs of abating while public health policies aimed at curbing the underlying causes of the 

obesity epidemic are being implemented, there is a parallel need to understand better the 

biological processes linking obesity and cancer as a prerequisite to the development of new 

approaches to prevention and treatment (Roberts et al., 2010).  
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2.4.6 Possible mechanisms that link visceral fat with disease risk 

There has been some controversy as to whether it is the anatomical position of the visceral fat 

depot or the molecular characteristics that are responsible for the link between visceral fat and 

disease risk.  In an attempt to address this some possible mechanisms have been proposed and 

these include free fatty acid flux to the liver, adipose tissue released cytokines and the 

disturbances in concentrations of inflammatory cytokines.  A brief discussion of these is given in 

the following section. 

Action of free fatty acids 

The main source of FFA in the body is the fat tissue; therefore, it can be assumed that with 

greater adiposity in the abdominal region there is an increase in the FFA flux (Figure 2.8).  FFAs 

released by visceral fat (but not all) go directly into the portal vein. Thus large amounts of 

visceral fat will result in the liver being exposed to a greater concentration of FFA than would be 

predicted from systemic FFA availability (Power et al., 2008).  Elevated portal FFA 

concentrations can have a number of undesirable effects on the liver as shown in Table 2.5 

(Arner, 1997).  The section that follows will discuss some investigations on this issue and the 

conclusions derived from the outcomes observed. 

 

Key: VLDL-very low density lipoprotein   ER-endoplasmic reticulum 

ChREBP- carbohydrate response element binding protein TG-triglyceride 

FFA- free fatty acid     VAT-visceral adipose tissue 

SREBP1c- sterol regulatory element binding protein-1c 

 

Figure 2.8: Visceral adipose tissue and increased FFA flux to the liver (Schaffler et al., 2005). 



57 

 

Table 2.5:  Consequences for the liver of increased portal fatty acid concentration  

Effect   Consequences 

 

Increased glucose production Glucose intolerance 

 

Decreased insulin breakdown  Hyperinsulinemia 

 

Increased production of triglycerides Dyslipidemia 

 

Arner, 1997 

It has been hypothesized that visceral fat releases FFAs and adipokines and thereby exposes the 

liver to fat accumulation. A direct association between abdominal fat and liver fat content has 

been observed in studies using waist circumference to estimate abdominal fat.  In studies where 

imaging techniques have been used to estimate abdominal fat, a direct association between intra-

abdominal fat and liver fat content, a direct association has been suggested but not between 

subcutaneous abdominal fat and liver fat content.  These methods are regarded as the golden 

standard methods for abdominal fat assessment because they are very accurate.  Therefore, based 

on these observations, Jakobsen et al. (2007) concluded that there is a direct association between 

abdominal fat and liver fat content. 

 

Studies have been conducted which demonstrated the effect of excess FFA to the liver.  Some of 

these studies are summarised in the section that follows.  Bergman et al. (2006) used a dog 

model to understand the pathogenesis of the metabolic syndrome.  They pointed out that the dog 

is genetically similar to human beings.  By using the MRI technique they measured fat 

distribution in dogs (1cm landmark slice at the umbilicus) after a 12 week isocaloric but elevated 

fat diet. Increasing the fat in the diet was found to induce visceral as well as subcutaneous fat in 

the dog model irrespective of basal adiposity and also the diet was found to induce total hepatic 

insulin resistance with respect to glucose.  Contrary to this the peripheral tissues remained 

sensitive to hyperinsulinemia.  Thus they concluded that visceral adiposity induced by fat 

feeding causes primary insulin resistance of the liver (Bergman et al., 2006).  They then 

postulated a hypothesis which they termed ―Overflow Hypothesis‖ which states that, moderate 
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fat feeding increases fat in the visceral fat compartment primarily resulting in visceral deposition 

and hepatic insulin resistance. 

 

 

Figure 2.9: An illustration of overflow hypothesis (Bergman et al., 2006) 

 

This hypothesis was summarized in the following sequence of events which occur after the 

initiation of feeding by an isocaloric but high fat diet as illustrated in Figure 2.9.  In summary 

this is what happens: Lean animals have little fat in visceral or subcutaneous compartment (I) 

Moderate fat feeding (II) increases fat in the visceral compartment primarily, resulting in visceral 

fat deposition and hepatic insulin resistance (III). Increased amounts of dietary fat (IV) result in 

visceral and subcutaneous fat deposition and hepatic and peripheral insulin resistance (Bergman 

et al., 2006).  Nielsen et al. (2004) also conducted a study to investigate whether adipose tissue 

lipolysis releases FFAs into the portal vein hence exposing the liver to higher concentrations of 

FFAs.  They used the isotope dilution technique to see if a greater portion of hepatic FFAs comes 

from abdominal fat.  By measuring systemic splanchic and leg FFA kinetics in obese men and 

women of varying obesity phenotypes along with women, they observed that there was a 20% 

greater plasma FFA concentration in obese men and women.  In women the contribution of 

splanchic lipolysis to hepatic FFA ranged from <10% to almost 50% and increased as a function 

of visceral fat and the slope of the relationship was greater than in men.  This observation adds to 

the fact that there is an increased free fatty acid flux to the liver in case of obesity.  Approximate 
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relative contributions of FFAs released from lower- and upper-body subcutaneous fat depots and 

from splanchnic tissues to the systemic venous circulation, and FFAs from visceral fat and the 

systemic arterial circulation to the portal circulation in lean and obese subjects as shown in 

Figure 2.10. The values in the figure are based on data from Nielsen et al. (2004). 

 

Figure 2.10: Approximate relative contributions of FFAs released from lower- and upper-body 

subcutaneous fat depots and from splanchnic tissues (Klein, 2004) 

To demonstrate the mechanism by which visceral fat causes insulin resistance at the liver and in 

muscle, Kabir et al. (2005) measured gene expression of a variety of important enzymes in 

visceral and subcutaneous fat and liver and also the expression of some adipokines.  The 

outcome of this investigation was that enzyme expression related to lipid turnover in visceral fat 

increased with fat feeding in visceral fat relative to subcutaneous fat.  This increase creates a 

possibility of enhancing FFA flux through the portal vein to the liver as well as to other tissues.  

In addition, the group tested whether fasting levels reflected potentially damaging tissue 

exposure at all times of the day.  This was done by collecting blood samples every hour for 24 

hours and repeated the same protocol in a similar manner after 6 weeks of a hypercaloric high fat 

diet.  They observed total trunk fat increase of 76% with no measurable increase in fasting 

FFA‘s.  The 24-hour FFA profile increased by 50% (Bergman et al., 2006).  This could represent 

a significant increase in FFA flux to the liver from the visceral fat depot and could be an 
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important factor in insulin resistance of moderate obesity.  Also an increase in FFAs at night 

could play a role in stimulating hyperinsulinemia that is normally coupled with insulin resistance 

in non diabetic individuals. 

While the described investigations found an increase in FFA flux with increased visceral 

adiposity ,Weiss et al. (2008) stated that an increase in the visceral FFAs flux contributed only 

20-30% of FFA‘s reaching the liver (Weiss, 2007).  Thus probably visceral fat is not the main 

source of the majority of systemic circulating FFAs and its postulated effects on the insulin 

resistance.  The contribution of visceral fat discharge and its presence may be only surrogate of 

relatively increased upper body fat depots (Weiss, 2007).  The abdominal subcutaneous fat is 

probably the source of increased circulating FFAs of lean and obese individuals (Weiss et al., 

2008). 

Damaging molecules into systemic circulation - Adipocyte secretion profile 

Adipose tissue is now recognized as a key endocrine organ secreting a wide range of protein 

factors and signals (Figure 2.11).  A number of roles have been attributed to adiponectin which 

includes the modulation of insulin sensitivity and vascular function (Trayhurn, 2007).  There 

have been notable differences in the secretion of adiponectin by visceral and subcutaneous fat, 

and this difference has been suggested as a possible reason why visceral fat is a significant risk 

factor for metabolic and health complications and that these differences underlie the different 

risks to health (Grundy et al., 2005).  The focus of this section will be on adiponectin and leptin 

and their role as mediators in the development of metabolic syndrome.  
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Key: T2DM- type 2 diabetes mellitus  IL-6- interleuken-6 

 TNF-α -tumor necrosis factor-alpha MCP-1 -monocyte chemoattractant protein-1  

 PAI-1-plasminogen activator inhibitor-1 

 

Figure 2.11: Summary of the main effects exerted by the more relevant adipokines at the 

cardiovascular level (Gualillo et al., 2007) 

Adiponectin 

Adiponectin levels decrease in the context of obesity-related insulin resistance (Schaffler et al., 

2006).  White adipose tissue is a highly metabolic active endocrine organ whose main products 

of secretion, adipokines, have essential roles in energy homeostasis, glucose and lipid 

metabolism, cell viability, control of feeding, thermogenesis, neuroendocrine function, 

reproduction immunity, and, importantly, cardiovascular function (Trujillo & Scherer, 2006). 

Adiponectin is normally abundant in human serum; its levels have been found to be reduced as a 

result of gene mutations which alter its secretion from the cells.  It is remarkable to note that 

genome-wide scans done in human beings have mapped a susceptibility locus for type 2 

diabetes, metabolic syndrome, and coronary heart disease to chromosome 3q27, where the gene 

encoding adiponectin is located (Das et al., 1999).  Thus genetic polymorphisms of the 

adiponectin gene that result in lower production and secretion of adiponectin may be responsible, 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T1D-4R4B7KD-7&_user=4050432&_coverDate=11%2F30%2F2007&_rdoc=1&_fmt=full&_orig=article&_cdi=4888&_docanchor=&_acct=C000062150&_version=1&_urlVersion=0&_userid=4050432&md5=790f2028f665116b302ada4dd50eda15#bib94
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at least in part, for the pathogenesis of the insulin resistance syndrome and diabetes (Chandran et 

al., 2003).  In studies where adiponectin was acutely increased by infusing of full length 

recombinant adiponectin, improved insulin action and induced suppression of hepatic glucose 

production were observed.  This was associated with a reduced expression of the gluconeogenic 

enzymes indicating that transcriptional regulation of these two enzymes may contribute to the 

molecular mechanism of action of adiponectin (Combs et al., 2001). 

In human studies Hui et al. (2004) demonstrated the protective role of adiponectin when they 

observed that adiponectin levels were lower in patients with steatohepatosis than in those with 

steatosis and lower in both these groups than in healthy controls.    These results demonstrate a 

novel mechanism of adiponectin action and suggest a potential clinical application of adiponectin 

and its agonists in the treatment of liver diseases (Xu et al., 2003).  Other beneficial effects of 

adiponectin are at the cardiac level where protective action against myocardial ischemic 

perfusion (Ouchi et al., 2006) and the protection against the development of systolic dysfunction 

after myocardial infarction have been demonstrated (Shibata et al., 2007).  Plasma adiponectin 

level is negatively regulated by adiposity, which is influenced by the levels of food intake and 

physical activity (Ouchi et al., 2006).  Adiponectin cardioprotective action is by stimulating 

myocardial Adenosine monophosphate-activated protein kinase (AMPK) signalling.  This then 

leads to the suppression of myocyte hypertrophy and apoptosis.  It also stimulates COX-2 

expression, resulting in reduction in cardiac inflammation (Ouchi et al., 2006).  These processes 

are illustrated in Figure 2.12.   

 

 

 

 

 

 

 

 

COX-2: Cyclooxygenase -2 

Figure 2.12: Cardio-protective actions of adiponectin (Ouchi et al., 2006). 
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In skeletal muscle, adiponectin increases tyrosine phosphorylation of the insulin receptor. This 

effect may contribute to increased insulin sensitivity (Chandran et al., 2003).  In the liver, the 

decreased free fatty acid influx and increased fatty acid oxidation contribute to reduced hepatic 

glucose output and VLDL triglyceride synthesis. (Chandran et al., 2003).  The actions of 

adiponectin are summarized in Figure 2.13. 

 

Key: FFA-free fatty acid  TG- triglyceride 

Figure 2.13: Hypothetical model for the actions of adiponectin (Chandran et al., 2003) 

Leptin 

Leptin is a 167-aminoacid peptide hormone, which is mainly produced by adipocytes, and its 

levels in the circulation are increased in proportion to fat mass (Sousa et al,. 2009).  Circulating 

leptin transmit information to the hypothalamus about the amount of energy stored in adipose 

tissue, suppressing appetite and affecting energy expenditure.  Unger (2003) proposed, on the 

basis of compelling experimental evidence, that peripheral-tissue leptin resistance is a crucial 

factor leading to insulin resistance in metabolic syndrome. They contended that leptin‘s major 

role in normal energy homeostasis is not prevention of obesity, as originally conceived, but 

rather protection of nonadipocytes against the cytotoxicity of intracellular lipid overload during 

periods of nutrient excess. Leptin potently activates cellular fuel consumption by stimulating 

fatty acid oxidation, reducing lipogenesis, enhancing glucose entry and metabolism, and 

dramatically shrinking fat stores in adipose tissue as well as in muscle and liver cells (Unger et 
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al, 2002). Accumulation of cytoplasmic fatty acid thus could reflect functional leptin deficiency 

acting via impaired mitochondrial oxidative capacity and concomitantly enhanced lipogenesis. 

The ensuing insulin resistance could be viewed as a compensatory cytoprotective response to 

prevent further accumulation of intracellular lipid, i.e., reduced glucose entry attenuates glucose 

derived lipogenesis. The mechanisms of peripheral resistance to the fuel-burning actions of 

leptin are not yet known. In reality, excess free fatty acids in the circulation, leptin resistance, 

and adiponectin deficiency are likely acting in concert to generate intracellular fatty acid excess, 

although their precise sequence and relative importance remain to be determined (Bagby, 2004).  

Based on evidence from in vitro studies it has been proposed that leptin could play a role in the 

pathogenesis of atheromatous plaques acting synergistically with other inflammatory mediators.  

Moreover leptin has been shown to induce mitochondrial superoxide production and MCP-1 

expression in aortic endothelial cells, thus playing an important role in the early phase of 

atherosclerosis by initiating monocyte/macrophage recruitment to the vessel wall (Yamagishi et 

al., 2001).  At cardiac level directs effects of leptin have been observed in the regulation of 

contracticle function, metabolism, cell size and production of extra cellular matrix components 

(Madani et al., 2006). 

 

 

Circulating concentrations of inflammatory cytokines 

Although the portal FFA hypothesis has been suggested to explain some of the metabolic 

abnormalities associated with excess adipose tissue accumulation, the hyperlipolytic state of the 

expanded visceral depot cannot, by itself, explain all of the metabolic abnormalities observed in 

viscerally obese patients (Despres, 2006).  Obesity has been associated with chronic low-grade 

inflammation in adipose tissue. This was first suggested by Hotamisligil and Spiegelman's work 

demonstrating that fat cells secrete TNF-alpha in the context of obesity (Enerback, 2006).  In fact 

a close relationship between the expanded waistline and the elevated C-reactive protein (CRP), 

an inflammation related protein, has been observed.  The reason for this close relationship could 

result from evidence of macrophage infiltration in adipose tissue of abdominally obese patients. 

These macrophages can produce inflammatory cytokines which could have a local impact on 

adipose tissue metabolism as well as systemic effects as illustrated in Figure 2.14 (Despres, 

2003), thus exacerbating the dysmetabolic profile noted among patients with an excess of 
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visceral adipose tissue.  For instance, TNF-a could make the adipose tissue insulin resistant, and 

it also has an inhibitory effect on the production of adiponectin (an important adipose tissue-

derived cytokine that has been suggested to have anti-atherogenic and anti-diabetic properties).  

In addition, the release of IL-6 by fat cells is known to stimulate the production of CRP through 

the liver.  Trayhurn (2006) also stated that as adipocytes secrete a number of cytokines and acute 

phase proteins, it is considered that the expanded adipose tissue mass contributes either directly 

or indirectly to the increased production and circulating levels of inflammation related factors.  

This means that circulating levels of inflammatory cytokines are altered in abdominally obese 

subjects and this could explain the constellation of metabolic abnormalities found in them.  It has 

been suggested that ectopic fat deposits could possibly contribute to cardiometabolic risk in 

viscerally obese individuals.   

 

Key: CRP- C reactive protein    

IL-6- interleuken-6 

 TNF-α -tumor necrosis factor-alpha 

  

 Figure 2.14: Illustration of Inflammation and cardiovascular disease (Despres, 2003 

 

In conclusion a few examples of studies demonstrating associations between central fat 

deposition with adverse health outcomes were discussed.  The studies confirm that obesity is a 

major risk factor for chronic diseases and plays a central role in the metabolic syndrome 
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(Kelishadi, 2007).  The health complications are either directly caused by obesity or indirectly 

related through mechanisms sharing a common cause.  The metabolic syndrome is used to 

describe the link among insulin resistance, type-2 diabetes, and other metabolic abnormalities 

associated with increased cardiovascular disease (Weiss et al., 2004).  Many of these metabolic 

complications associated
 
with obesity are already present during childhood

 
and are closely linked 

to the degree of adiposity (Weiss et al., 2004).
 
In this regard a potential emerging public health 

issue for developing countries may be the increasing incidence of obesity and, as a result the new 

cases of metabolic syndrome among children, which in turn is likely to create an enormous 

socioeconomic and public health burden for poorer nations in the near future (Freedman et al., 

2001). 

 

2.5 ABDOMINAL FAT ASSESSMENT 

 

Accurate body composition measurements are essential for evaluating nutritional status and for 

planning different aspects of health care programmes (Fanelli et al., 1984).  Childhood obesity 

and in particular upper body obesity perpetuate the high risk for many preventable diseases. 

Several methods can be used to estimate central body fat; these differ in the practicality for both 

field surveys and routine clinical assessment.  Despite the limitations of using some methods 

central fat assessment has been identified as an important screening tool for the
 
prevention of 

adverse health complications.  Several techniques are available which include imaging 

techniques and anthropometric measurements.  Using any of these methods depends on 

availability, accuracy and practicality.  A comparison of these methods shows that imaging 

techniques, such as computerized tomography and magnetic resonance imaging, are the optimal 

techniques available for accurate assessment of visceral fat (Kooy & Seidell, 1993).  However, 

due to the lack of feasible use of these procedures for general application in epidemiological 

studies, anthropometric indices such as circumferences, ratios and skinfold thicknesses are often 

used. The principles of abdominal obesity techniques, their accuracy and reproducibility as well 

as aspects of costs and safety are discussed in the section that follows. 
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2.5.1 Imaging techniques  

Computed tomography (CT). 

Computed tomography (CT) has been demonstrated to be a useful technique for measuring 

visceral fat (Jensen et al., 1995). CT scans are thin cross sectional, radiographic images that can 

be obtained at any body level (Borkan et al., 1982).  It is much more sensitive to slight 

differences in attenuation than standard radiography and, therefore, depicts soft tissue with great 

clarity (Brooks et al., 1975).  It has provided a more direct method of intra-abdominal fat 

deposition assessment with both adult and child populations.  The scan is usually done at the 

level of the umbilicus.  Borkan et al. (1982) were the first to propose this site because it has the 

highest percentage of body fat and it best allows differentiation of subcutaneous from intra-

abdominal fat.  Because of the radiation exposure involved in CT scanning, the number of 

measurements that can be performed on one individual is limited, making this method unsuitable 

for studies requiring repeated measurements on the same individual (Kamel et al., 2000).  

However CT studies of body composition can limit radiation exposure by using single scans at 

different anatomical sites (Kooy and Seidell., 1993). Even though CT at abdominal level has 

provided the best estimation of visceral fat, it cannot be used during pregnancy because of its 

potential harmful effects on the fetus (Bartha et al., 2007). 

 

Magnetic resonance imaging (MRI) 

Magnetic resonance imaging is a radiation-free procedure and has been increasingly accepted as 

a safer alternative with children, particularly where multiple scans are required.  An example of 

the equipment used is shown in Figure 2.15.  MRI may provide a method to measure adipose 

tissue safely and accurately. It does not require water submersion or radiation exposure, it can be 

done rapidly, it provides images which are also useful for clinical diagnosis, and it has been used 

to characterize adipose tissue volumes (Gronemeyer et al., 2000). 
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Figure 2.15: Magnetic Resonance Imaging (MRI) equipment (Kamel et al., 2000) 

Unlike conventional x-ray examinations MRI does not depend on ionizing radiation. Instead, 

while in the magnet, radio waves redirect the axes of spinning protons, which are the nuclei of 

hydrogen atoms, in a strong magnetic field.  The magnetic field is produced by passing an 

electric current through wire coils in most MRI units. Other coils, located in the machine and in 

some cases, placed around the part of the body being imaged, send and receive radio waves, 

producing signals that are detected by the coils.  A computer then processes the signals and 

generates a series of images (Figure 2.16) each of which shows a thin slice of the body. The 

images can then be studied from different angles by the interpreting physician. 

 

Figure 2.16: A typical MRI image (Kamel et al., 2000) 
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Among others the most common limitations of MRI are that high-quality images are assured 

only if the individual is able to remain perfectly still or hold breath, if requested to do so, while 

the images are being recorded.  Also MRI typically costs more and may take more time to 

perform than other imaging modalities. 

 

Ultrasound (US). 

The use of sonography for the determination of fat distribution
 
was introduced by Armellini et al. 

(1997).  Ultrasonography has been proposed as a suitable technique to estimate intra-abdominal 

adipose tissue in research settings accurately; however, some criticisms have been put forward 

on its use because of its presumed low reproducibility (Stolk et al., 2003).  An advantage of 

sound technique lies in the possibility to use it to evaluate very fat persons with whom 

measurements by caliper are no longer possible.  The ultrasound measurements can be obtained 

by using a C2–5 MHz curved array transducer. The transducer is placed at the midline between 

the lower costal margin and the iliac crest. Intra-abdominal fat distances are then measured from 

the peritoneum to the corpus of the lumbar vertebra (Stolk et al., 2001) and obtained 

longitudinally at a medial, right lateral and left lateral angle.  To avoid compression of the skin, a 

gel spacer is used and scans are obtained by trained sonographers.  

Dual-Energy X-ray Absorptiometry (DEXA) 

Although the primary application of DEXA is to measure bone mineral density to ascertain risk 

for osteoporosis, it has also been used to measure central abdominal fat (Cary et al., 1996).  The 

principle of absorptiometry is based on the exponential attenuation of X-rays at two energies as 

they pass through body tissues. DXA is accurate, precise and the radiation dose is minimal (Jebb, 

1997).  It can provide measurements of fat, bone mineral content and fat-free soft tissue in the 

total body and in specifically defined regions (Snijder et al., 2002).  Garnett et al. (2000) 

conducted a pilot study to investigate the relationship between abdominal fat measured by 

anthropometry and DEXA, and intra abdominal fat as measured by MRI in healthy children.  

They observed that total abdominal fat measured by DEXA and MRI were highly correlated, 

R
2
=0.98, P<0.001, with a mean difference of 29 ± 47g. The 95% limits of agreement were -64 to 

123g, indicating potential for variation in individuals. DEXA abdominal fat predicted 64% 

(P=0.02) of the variation in intra abdominal fat as measured by MRI.  However, a larger sample 
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size is required to confirm these findings.  Another study by Snijder et al. (2002) investigated 

whether the DEXA method, possibly combined with anthropometry, offers a good alternative to 

CT for the prediction of visceral fat in the elderly.  The total abdominal fat as measured by 

DEXA was found to be strongly correlated with total abdominal fat by CT (r= 0.87 in white men 

to 0.98 in black women) (Snijder et al., 2002).  A 10% underestimation of total abdominal fat by 

DEXA was observed in people with less abdominal fat compared to CT.  They concluded that 

DEXA is a good alternative to CT for predicting total abdominal fat in an elderly population.  

Anjana et al. (2004) also used DEXA to examine body fat distribution using CT, DEXA and 

anthropometry in relation to type 2 diabetes in urban Asian Indians.  Results indicated that using 

CT, total abdominal and visceral fat were found to be significantly higher among diabetic 

subjects, while subcutaneous abdominal fat, visceral–to–subcutaneous abdominal fat ratio, and 

visceral–to–total fat ratio showed no significant difference.  Similarly with DEXA, diabetic 

subjects were found to have significantly higher abdominal and central abdominal fat, while 

none of the other parameters showed a significant difference.  DEXA is simpler, less expensive, 

and more accessible compared to CT and MRI.  Moreover, the X-ray radiation is much lower in 

DEXA as opposed to CT (Plourde, 1997).  DEXA provides various measures of adipose tissue 

such as fat mass at total body, trunk, and extremities and percent body fat. The newest DEXA 

software also allows the operator to define specific regions of interest on the whole body scan. 

This allows the assessment of abdominal fat mass. Studies suggest that DEXA reliably measures 

a fat compartment that is highly correlated with visceral fat and a likely useful surrogate for 

visceral fat (Kamel et al., 2000). 

2.5.2 Anthropometric indices 

The importance of simple anthropometric measurements and ratios of the abdomen was first 

shown by Ashwell et al. (1992).  These include waist-hip ratio, waist circumference and 

abdominal sagittal diameter.  CT and MRI are accurate imaging techniques for assessing body 

fat distribution, but their disadvantages are cost, radiation exposure (CT) and limited availability 

outside research settings (Goran & Gower, 1999), hence other indirect indicators of body fat 

distribution have been used in particular anthropometry.  These methods are inexpensive, fast 

and non-invasive, although their accuracy has been questioned.  The following section describes 

these anthropometric indices, their diagnostic quality and accuracy. 
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Waist Hip Ratio (WHR) 

While the subject is in standing position the waist is measured as the minimal circumference and 

the hip is measured at the widest circumference at the hips and the buttocks.  The ratio of the two 

measures is then calculated.  Pouliot et al. (1992) suggested threshold values of 0.85 for women 

and 0.95 for men.  The use of WHR as a single index for metabolic risk as well as threshold 

values has been found to be limited because for a given WHR value there may be large 

variations in the level of abdominal visceral adipose tissue that is most likely to be associated 

with variations in metabolic profile.  Also WHR may not change when hip and waist 

circumferences increase by a similar proportion and is often incorrect in the event of significant 

loss of visceral adipose tissue (Misra & Vikram, 2003).  Therefore, other anthropometric 

indexes, namely waist circumference or abdominal sagittal diameter appear to be superior to 

WHR. 

 

Abdominal sagittal diameter. 

Abdominal sagittal diameter
 
is derived either from a CT abdominal scan or by using

 
a carpenter‘s 

spirit level.  While
 
the subject is placed on a firm examination table the level is placed over the 

abdomen perpendicular
 
to the length axis of the trunk at the iliac crest level. The sagittal

 
diameter 

is measured with a ruler as the vertical distance from
 

the horizontal spirit level to the 

examination table after a
 
normal expiration (Sjöström et al., 1996).  Kvist et al. (1988) were the 

first to demonstrate that the sagittal
 
diameter (measured on a CT scan) was closely related to the 

volume
 
of visceral fat.  They observed the correlations between sagittal diameter with visceral

 
fat 

volume of 0.94 in 19 women and 0.92 in 24 men.  Desprès et al.(1991) also in
 
a study of men 

covering a wide range of fatness, also observed
 
higher correlations but there was not much 

difference between
 
the visceral fat area and the correlations with the waist circumference

 
(r = 

0.82) and the sagittal diameter (r = 0.85).  Even though correlations between sagittal diameter 

and waist circumference
 
are usually quite high, it is clear that this measurement requires 

appropriate
 
equipment and skilled personnel, hence most people are measuring

 
the WHR or WC 

as an indicator of visceral fat. Sagittal diameter is rarely used. 
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Waist to height ratio (WHtR) 

The waist-to-height ratio (WHtR) is calculated by dividing waist circumference by the height of 

an individual.  The ratio of the waist circumference to height was originally proposed more or 

less simultaneously in Japan by Hsieh et al., (1995) and UK by Ashwell (1995) in the late 90s.  

Since then a number of studies have used a WHtR as a proxy measure of visceral adipose tissue, 

mainly in adults.  WHtR values above 0.5 were suggested to indicate increased health risks, 

predominantly CVD and diabetes (Ashwell, 1995; Hsieh et al., 1995) and values of above 0.6 to 

indicate substantially increased risk (Cox et al., 1997).  Lin et al. (2002) conducted a study to 

determine the optimal cut-off values of four anthropometric indices (BMI, WC, WHR and 

WHtR) to estimate CVD risk factors.  Data were collected on 26,359 Asian men and 29,204 

Asian women with a mean age of 37 years. Individual body weight, height and WC and a series 

of tests related to cardiovascular risk were assessed and their relationships examined. Of the four 

indices studied, WHtRs were found to have the largest areas under the curve relative to at least 

one risk factor. The conclusion was that WHtR may be a better indicator for screening 

overweight or obesity-related cardiovascular disease risk factors than the other three indexes 

(BMI, WC, and WHR).  The optimal cut off values for overweight or obesity WHtRs were 

0.4800 for men and 0.4500 for women.  Ho et al. (2003) also conducted a study to determine 

which was the best anthropometric index among BMI, WC, waist to hip ratio (WHR) and WHtR 

in relation to cardiovascular risk factors.  Data on anthropometric indices and cardiovascular risk 

factors were collected from 2895 Hong Kong Chinese aged 25 to 74 years.  Analysis was done 

using correlations and Receiver Operator Characteristics (ROC).  Based on their findings they 

concluded that WHtR ratio is the best simple anthropometric index in predicting a wide range of 

cardiovascular risk factors and related health conditions.  They then formulated a health message 

that states that, one's WC should not exceed half the stature (Ho et al., 2003).  The meaning in 

this message is simply that everyone will have an individualized cut-off waist measurement 

which should be more acceptable to the public than a single measurement for all (Lemieux et al., 

1996).  In 2000, Savva and colleagues conducted a study to determine whether WHtR is a better 

predictor of cardiovascular disease in children than BMI.  Their main objective was to validate 

BMI, WC and WHtR as predictors for the presence of cardiovascular risk factors in children. 

Their conclusions were that WC and WHtR ratios are better predictors of cardiovascular disease 

in children than BMI.   
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Ashwell (2005) has developed a chart similar to that used for BMI but with the important 

difference that the Ashwell Shape Chart requires the user to match their waist measurement 

against their height rather than their weight (Figure 2.17).  This chart has been based on scientific 

evidence from the Universities of Cambridge and London in the United Kingdom. It is suitable 

for both men and women.  In using the chart one has to work out whether one is in healthy shape 

by drawing a horizontal line to correspond with height and a vertical line to correspond with WC 

measurement. The point where these two lines meet shows where the shape is on the chart.   

 

 

 

 

 

 

 

 

 

 

Figure 2.18: The Ashwell Shape Chart.  (Ashwel 

 

 

Figure 2.17: The Ashwell Shape Chart.  (Ashwell, 2005) 

Ashwell (2005) proposed the adoption of WHtR as a screening tool which should overcome the 

problem of having to define different cut-off for different population groups.  They argued that 

communicating messages about health risk could be much simpler if the same anthropometric 

index and the same public health message can be used throughout childhood into adult life and 

throughout the world. The basis of her proposal was based on the following reasons: 

 WHtR is more sensitive than BMI as an early warning of health risks.  

 WHtR is cheaper and easier to measure and calculate than BMI. A boundary value of 

WHtR = 0.5 indicates increased risk for men and women.  
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 A boundary value of WHtR = 0.5 indicates increased risk for people in different ethnic 

groups.  

 WHtR boundary values can be converted into a consumer-friendly chart.  

 WHtR may allow the same boundary values for children and adults.  

 

Later Li et al. (2006) also conducted a study to examine trends in WC, WHtR and prevalence of 

abdominal obesity in children aged 2-19 years in the US.  They used 0.5 as a cut-off for WHtR in 

defining obesity for the 6-19 year old group.  They observed that WHtR highly correlated with 

visceral fat and suggested that it might be a better predictor for CVD than BMI.  This 

observation contributed to the body of information promoting the use of WHtR as a screening 

tool for abdominal, hence the simple health message, ‗Keep your waist circumference to less 

than half your height’ (Ho et al., 2003).   

 

Ashwell (2009) reviewed the benefits of WHtR and its graphical representation in the Ashwell 

Shape Chart for assessing the health risks of obesity.  The latest versions of the Ashwell Shape 

Chart and calculator have now been modified to include height and WC appropriate for children 

aged five years and upwards. The words for the different body shapes (pear-apple) have now 

been extended to indicate that the ratio value greater than 0.5 should indicate ‗take care‘ or 

‗consider action‘ for adults, whereas for children it indicates ‗take action‘. This difference is 

based on the proportion of children and adults who fall above this boundary value. 

Waist circumference 

WC is a perimeter, which provides an estimate of body girth at the level of the abdomen (Klein, 

2007).  A measure of the WC is one of the most practical tools used to assess abdominal fat for 

chronic disease risk and weight loss treatment.  A large waist circumference reflects high total 

body fatness and has also been recognized as a good measure of abdominal fat, particularly the 

most metabolically active intra-abdominal fat in both adults (Seidell et al., 1988) and children 

(Fox et al., 1993).   

Different researchers have measured WC at different positions around the abdomen.  In children, 

WC has been measured at five different sites: (i) midway between lowest rib and superior iliac 
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crest (Sung et al., 2008; Moreno et al, 1999; McCarthy et al., 2001; Fredriks et al., 2005; 

Kelishadi et al., 2007); (ii) at the umbilical level (Zannolli, 2004; Savva et al., 2000), (iii) at the 

narrowest point of the torso (Katzmarzyk, 2004), (iv) at the level of the right upper iliac crest 

(Fernandez, 2004); and (v) at the level of 2 cm above the umbilicus (Weili et al., 2007 ).  In 

adults WC measurements taken at four different sites have been compared and have shown to 

provide slightly different results, albeit highly reproducible data, that each correlate significantly 

with total and central body fat (Sung et al., 2008).  Whereas the World Health Organization 

(WHO) Expert Committee on Physical Status recommends measurement midway between the 

lower rib and the iliac crest (WHO, 1995), the third NHANES guidelines prescribe the use of a 

point just above the right ileum (Chumlea & Kuczmarski, 1995) and the recommendation of the 

North American Association for the Study of Obesity and the National Heart, Lung and Blood 

Institute (National Heart, Lung, and Blood Institute, 1998) is to use the right iliac crest.  The lack 

of standard measurement for WC is unfortunate, and it makes comparisons between studies 

difficult.  When it comes to classifying individuals this poses problems because different 

positions result in different values being obtained.  Heitze et al. (2008) conducted a study to 

investigate the concordance of WC measured at four different points and their relationships with 

nutritional status and cardiovascular risk.  The findings were that WC measured at different sites 

were closely correlated with BMI as well as comparably associated with cardio-metabolic risk 

factors.  However, different values for the WC were obtained leading to discordant results with 

respect to overwaist and risk (Heitze et al., 2008).  Mason et al. (2010) concluded that 

recommended WC thresholds in adults may not have the same clinical utility at all anatomical 

locations of measurement.  Based on their findings no measurement protocol is superior over the 

other; however, in investigations it is important to understand the difference across measurement 

sites.  Furthermore the need to standardize measurement protocols between countries was 

highlighted.  If WC is to become an important public health assessment tool of central obesity in 

both adults and children, international agreement about measurement site is required.  It is, 

however, believed that the use of the narrowest waist measurement offers greater ease of 

acceptance and interpretation by the public and may facilitate self measurement in addition to 

clinical use (Esmaillzadeh, et al., 2006).  In addition Cameron and colleagues (2009) have 

questioned why earlier reports consider WC circumference as the most important indicator of 

adiposity.  This question was raised after the team conducted a study to investigate the 
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quantitative relationship between WC and height, and subsequently the association between WC 

index, body mass index and body composition in pre-pubertal children.  The outcomes of this 

study were that BMI rather than WC index would be a better screening tool for total and truncal 

fat mass in both sexes before puberty.  The most important argument they raised against previous 

studies was that they did not control for pubertal status, therefore did not test whether WC is 

better than BMI before puberty, as the centralization of fat primarily takes place after the onset 

of puberty.  WC and health outcomes are affected by demographic variables such as sex, race 

and age. The shape of the relationship influences the WC value that can most efficiently 

distinguish between normal or abnormal and serve as a basis for considering clinical action.  

Optimum WC cut-off points will likely vary according to the population studied, the health 

outcome of interest and demographic factors (Klein, 2007).  Routine measures of WC can also 

be used as a surrogate marker of abdominal fat to monitor the efficacy of weight loss 

management strategies.  This will help to avoid the expense of radiological imaging techniques 

and still allow for adequate prediction of health.   

 

2.6    WC PERCENTILE CHARTS FOR CHILDREN 

There is an increasing interest in the use of WC as an index of obesity and obesity related health 

risk among children and adolescents as several studies have shown a strong association between 

WC and risk factors for coronary heart disease (Katzmarzyk, 2004).  This has led to the 

development of WC percentiles in several countries such as Cuba (Martinez et al. 1994), Italy 

(Zannolli & Morgese, 1996), Spain (Moreno et al., 1999), UK (McCarthy et al., 2001), Canada 

(Katzmarzyk et al., 2004), US (Fernandez et al., 2004), Australia (Eisenmann, 2005), Bulgaria 

(Galcheva et al., 2009), Poland (Nawarycz et al., 2010) and China (Liu et al., 2010).  For those 

who have developed the curves the 90
th

 and 85
th

 percentiles are usually used to identify children 

with a high WC relative to age and sex matched peers. In Africa one study was done in Nigeria 

on determination of WC values of children and to compare them with available data from other 

parts of the world.  Comparison of the 50
th

 percentile WC of Nigerian children with that of 

American and Spanish children showed that both Nigerian male and female had the lowest WC 

values, but were similar to British male children up to 9 years and female children up to 14 years 

(Senbanjo et al., 2009). 
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To date there are no WC reference data for South African children.  Studies in the past [(NFCS, 

1999), Monyeki et al. (1999), Jinabhai et al. (2003) and THUSA BANA (2006)] have focused on 

overall overweight and obesity as opposed to abdominal obesity.  In a study of rural children 

none of the boys were overweight before the age of 15, after which there was an increase in 

subcutaneous skinfold thicknesses with a peak at 17 years.  When overweight was defined by the 

sum of triceps and subscapular skinfolds thickness greater than the 85
th

 percentile, it increased 

markedly in girls after menarche and peaked at 17 years, with 11% of girls being overweight 

(Cameron et al., 1997).  Another study by Kruger et al., (2004) indicated that stunted girls have 

relatively more subcutaneous fat than non stunted girls.  A possible reason for the absence of 

data on abdominal obesity might be because the concentration of research has been on 

undernutrition, but while undernutrition remains a problem among children, obesity and 

associated non communicable diseases are now becoming prevalent in South Africa.  There is 

ample evidence that accumulation of excess fat in the body is associated with various metabolic 

complications, more importantly a pattern of excess fat in the trunk is associated with increased 

cardiovascular risks such as hypertension compared with a pattern of fat deposition in the limb 

region (He et al., 2002).  Existing reference data on WC from other countries (British, Canadian, 

Spanish, Australian, and the USA) have shown that there are differences in WC.  These 

differences may partly reflect genetic or racial differences on body fat distribution (Senbanjo et 

al., 2009).  They may also reflect differences in dietary intake, physical activity levels and other 

environmental factors.  This then supports the need to develop age, gender and population 

specific WC reference charts for South African children.  However, limited existing data suggest 

that there may be ethnic differences in visceral adipose tissue at a given WC (Carroll et al., 

2008). This may have implications for defining metabolic risk in different populations; therefore 

to reflect risk in different racial groups adequately it is important to develop population specific 

standards for WC.  It then seems prudent to develop standards which are truly representative of 

children from all ethnic backgrounds (McCarthy et al., 2001).  Future studies should address the 

feasibility of combining data from several countries to establish a common set of international 

reference data for WC, similar to the effort to create international BMI criteria for obesity (Cole 

et al,. 2000).  This would aid in international comparisons of prevalence of abdominal obesity.  
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2.7 SUMMARY 

Finally, this chapter identified excess abdominal fat as a serious health issue because of its links 

with metabolic complications.
 
 Individuals who store a larger proportion of fat within the 

abdominal cavity have greater risk of health complications as highlighted.  It has been noted, 

however, that there has been increasing research focusing attention on the assessment and 

consequences of visceral fat deposition in adults with much less attention paid to children.  This 

has resulted in little information generated on the factors involved in the development of 

abdominal adipose tissue patterning, the age at which particular types of distribution are 

identifiable, the degree to which they are stable or vary over time, or the influence of lifestyle 

factors, gender or stage of maturation. Therefore, the consequences of fat deposition patterning 

for childhood health or its impact on health as a future adult remain largely unknown.  It can thus 

be recognized that the health of children has not been a top priority when it comes to metabolic 

complications.  The different assessment techniques have been reviewed which distinctly point 

to the fact that reliable and accurate assessment of abdominal adipose tissue distribution is 

critical to developing understanding of its development in children.  The discussion describes the 

situation in terms of studying anthropometric indices of abdominal obesity in children and their 

appropriateness in predicting adverse health outcome.  It is clear that emphasis in the future 

should be on early identification of children, using appropriate screening techniques in order to 

promote the incorporation of systematic monitoring of WC in pediatric practice.  A diverse 

amount of research has used different cut-off values for different population groups.  This 

research does not recommend any single cut-off point that can be applied across the board; it is 

in this light that the current research was undertaken, in giving a preliminary picture of the WC 

distribution of South African children and also setting a stage for future studies.  Furthermore, 

issues surrounding the importance of abdominal adiposity in children were discussed in an 

attempt to highlight the fact that the adverse effects associated with abdominal obesity will 

continue to exist if no action is taken.  This may lead to children developing non-communicable 

diseases prematurely, and it is for this reason that research on abdominal obesity in children is 

necessary to understand its health risks so that observations may be used in setting goals for 

nutrition programmes to make sure children live a happy, healthy life, full of fun.  
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For many growth retarded persons, an adaptive mechanism may only result in excess fat 

deposition that promotes chronic disease rather than providing a safety mechanism for famines 

that never return (Hoffman et al., 2007). 
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Abstract  

Objective: To determine body fat distribution for stunted and non-stunted South African 

children from two rural communities.  

Methods: Secondary data analysis of the THUSABANA (n=351; 29% stunted) and Ellisras 

(n=1760; 5.1% stunted) studies was done to estimate differences between stunted and non-

stunted children for global adiposity (body mass index, sum of skinfolds) and localized adiposity 

(waist-to-height ratio, subscapular-to-triceps ratio) using two-way analysis of covariance and 

adjusting for age.   

Results:  Stunted children had a lower body mass index (THUSABANA: 15.7[0.3] vs. 16.5[0.2] 

p=0.03, boys; 16.6[0.5] vs. 17.7[0.3] p=0.054, girls; Ellisras: (13.9[0.2] vs. 14.4[0.04] p=0.005, 

boys; 13.7[0.24] vs. 14.5[0.06] p=0.002, girls) and waist circumference (THUSABANA:  

56.2[0.7] vs. 59.8[0.5] p=0.0004, boys; 56.6[1.0] vs. 61.5[0.6] p=0.00007, girls; Ellisras: 

53.6[0.5] vs. 55.6[0.1] p=0.0002, boys; 53.2[0.6] vs. 55.5[0.1] p=0.003, girls). Waist-to-height 

ratio was higher in stunted THUSABANA boys (0.42[0.004] vs. 0.41[0.003] p=0.05) and 

Ellisras boys (0.43[0.004] vs. 0.40[0.008] p<0.00001) and girls (0.42[0.004] vs. 0.40[0.001] 

p<0.00001). The sum of skinfolds was lower only in stunted girls from Ellisras (15.5[0.8] vs. 

17.3[0.2] p=0.03). The subscapular-to-triceps ratio did not differ between stunted and non-

stunted children.   

Conclusions:  Findings of this study demonstrated increased total adiposity in non-stunted 

children, but trends of increased central adiposity, measured as WHtR in stunted children. More 

research is needed to establish which adiposity measure is representative of the distribution of 

body fatness independent of age, race, gender and sexual maturation in children and adolescents. 

Keywords: Body composition, stunting, obesity, children, South Africa. 
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Introduction 

Stunting in children is considered a consequence of chronic poor nutrition (1).  It is associated 

with developmental delay and impaired cognitive function and is considered the strongest 

predictor of child mortality in children younger than five years (2).  Stunting remains the most 

common nutritional disorder affecting children in South Africa, with an estimated national 

prevalence of 18% in children 1-9 years old (3).  It is important to point out that linear growth 

lost in infancy may not be fully recovered with improved energy intake later on (4).  Thus, if 

calorie intake exceeds expenditure, weight gain may follow preferentially to length gain (5).  

Therefore, it is likely that stunted children may become obese adults in societies undergoing 

rapid changes in patterns of diet and physical activity that lead to positive energy balance.  In an 

individual child, the relation between stunting and overweight is not a simple situation of co-

existence; epidemiological and experimental evidence is accumulating to indicate a causal 

relationship (6).  Understanding the prevalence and patterns of undernutrition, particularly 

stunting, the emergence of overweight/obesity in children and adolescents and the concomitant 

risk for metabolic disease is of critical importance for public health policy (7). 

 

Possible potential mechanisms linking growth retardation and increased adiposity have been 

suggested, including impaired fat oxidation and the action of cortisol as part of the causal 

pathway (6).  According to Benefice and colleagues (8), body composition, especially fat mass, 

could be an important component and outcome of long-term stunting.  Therefore, body 

composition assessment is becoming a standard measure in many clinical and nutrition related 

studies.  In African populations, preschool-aged children in particular are exposed to 

malnutrition, and this may have a major effect on growth and development (8).  However, 
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studies on fatness and relative fat distribution during childhood and adolescence are scarce, 

especially from rural areas (7, 9).  Of particular concern is whether or not increased adiposity is 

found in stunted children.  Therefore, the objective of this study was to compare the body 

composition of black stunted and non-stunted children from two rural communities of South 

Africa and investigate whether increased total and central adiposity is found in stunted children.  

Methods       

Study setting and population 

The sample for the current analysis consists of black children from two cross-sectional studies 

conducted in rural communities of South Africa, namely the THUSABANA (THUSA stands for 

Transition and Health during Urbanization of South Africans; BANA means children) study in 

the North West province and the Ellisras Longitudinal Growth and Health Study (ELS) in the 

Limpopo province.  Almost 90% of households in the North West Province had access to piped 

water within the home and houses were mostly constructed from bricks.  Most households used 

flush toilets and used electricity for cooking.  The province is predominantly rural, with 65.1% 

living in rural areas and 34.9% in urban areas (10).  The rate of urbanization is increasing, 

largely due to the lack of employment opportunities in rural areas. Poverty affects 62% of the 

population of the North West Province, the second highest provincial figure for South Africa 

(10). Ellisras is a rural area situated in the Limpopo province.  Housing material varies from 

traditional to mud to brick houses.  Piped water is available at community level and sanitation is 

relatively insufficient with the majority of households using pit latrines.  Most homes use open 

fires for cooking.  The people rely heavily on agriculture for household food security (11).  Data 

were collected of 351 rural children aged 10 to 15 years from May 2000 to June 2001 in the 

THUSABANA study and 1760 children aged 6 to 14 years during May 2000 in the Ellisras area.  
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Procedures used for sampling and collection of anthropometric data have been reported in detail 

elsewhere (12, 13).  The THUSABANA study was approved by the Ethics Committee of the 

North-West University (Potchefstroom Campus) and ELS was approved by the Ethics committee 

of the University of the North and caregivers of all children gave informed consent.   

 

Anthropometric measures 

All anthropometric measurements in both studies were done according to standard methods by 

trained anthropometrists.  Weight was measured to the nearest 0.1 kg using electronic scales with 

children in underwear and bare-feet.  Height was measured to the nearest 0.1 cm using a Martin 

anthropometer in the Ellisras study and an IP 1465 stadiometer in the THUSABANA study.  

Skinfold thicknesses were measured using a John Bull skinfold caliper in THUSABANA study, 

whilst a Slim Guide skinfold caliper was used in the Ellisras study. They were measured in 

duplicate in the THUSABANA study and in triplicate in the Ellisras study, and the mean of the 

measurements was used in data analysis.  Waist circumference (WC) was measured at the 

narrowest circumference on the waist above the iliac crest and below the lower rib using a non-

stretching flexible tape (Lufkin, Apex, NC, USA) in the THUSABANA study and a Rosscraft 

anthropometric tape (USA) for girths in the Ellisras study.  Details of the two studies are 

summarized in Table 1. 

 

Body composition 

The different body composition indices were calculated as shown in Table 2.  Body mass index 

(BMI) and sum of skinfolds (SSF) were used to characterize global adiposity, while WC, waist-
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to-height ratio (WHtR) and subscapular-to-triceps ratio (STR) were used to characterize 

localized adiposity.    

 

Statistical analysis 

Data were analyzed using the STATISTICA statistical package (StatSoft, Inc., 2009 (14).  Data 

for the two study areas (THUSABANA and Ellisras) were analyzed separately because 

preliminary data analysis showed significant differences between the two communities for age 

and some of the anthropometric indicators.  Also data were not split into age groups because 

some age groups had fewer than 30 children (groups became too small).  For each study area, 

children were stratified into two groups, namely stunted and non-stunted.  Stunting was defined 

as height-for-age Z-score below -2 standard deviations of the World Health 

Organization/National Center for Health Statistics(WHO/NCHS) reference standards (15).  Since 

the relation between anthropometric measures and body fat distribution is dependent on age, the 

data were adjusted for age to reduce the observed variation between groups caused by age.  

Descriptive statistics were calculated for all children by gender for each study area.  Differences 

between stunted and non-stunted children with respect to adiposity measures were determined 

using analysis of covariance (ANCOVA), adjusting for age.  Results were considered statistically 

significant
 
at P < 0.05. 

 

Results 

Table 3 shows the descriptive characteristics of the children from the two study areas. The 

prevalence of stunting in THUSABANA was 29% versus 5.1% in Ellisras.  THUSABANA 

children were older, had higher mean values for weight, height and WC, BMI, WHtR. Table 4 
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shows the means of different body composition measures by group and gender.  Non-stunted 

children from THUSABANA had significantly higher values for almost all anthropometric 

measures in both boys and girls, except for SSF in boys and WHtR in girls which did not differ 

between stunted and non-stunted children.  However, stunted boys had a significantly higher 

WHtR than non-stunted boys.  In the Ellisras study area, SSF and STR in both boys and girls did 

not differ between stunted and non-stunted children.  WHtR was significantly higher in stunted 

boys and girls while WC and BMI was higher in non-stunted boys and girls.  

 

Discussion 

Results indicate disparities in the prevalence of stunting between the two communities, with the 

THUSABANA study in the North West Province having a 29.9% stunting prevalence, versus 

5.1% in the Ellisras study in the Limpopo Province.  In the 2002 Youth Risk Behaviour Survey 

14.8% of high school children in the North West Province and 11.1% of children in Limpopo 

Province were stunted (16).  In 2008 the North West Province reported the highest rates of 

reported child hunger in the country (1).  Globally poverty-related malnutrition is the single most 

common cause of growth retardation.
 
(17). The high rate of child hunger in the province could, 

therefore, explain the high prevalence of stunting in the THUSABANA children. The adverse 

socioeconomic environment and the low levels of food availability compromise and probably 

delay the physical development of the affected children in all phases of growth.  On the contrary, 

this study showed low stunting rates in Ellisras, possibly because of greater food security in the 

households due to access to land for subsistence agriculture, despite high rates of unemployment 

and income poverty. According to M‘marete (11), Limpopo Province is one of South Africa's 

richest agricultural areas.  
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This study determined various adiposity measures for stunted and non-stunted children.  Results 

indicate that BMI was significantly higher in non-stunted children from both communities.   

Despite the use of BMI in defining childhood obesity, its validity as an indicator of fatness is 

questionable, especially in stunted populations (18). Several reports also suggest that BMI may 

not be a valid tool for assessing body
 
composition in growing children (19).  More important 

though,
 
given that the prevalence of obesity is increasing in countries with a high prevalence

 
of 

stunting, it is necessary to determine whether growth retardation
 
influences the relationship 

between BMI and body fatness to
 
avoid the misclassification of children (20).  This does not, 

however, stop investigators from using BMI to categorize children into normal-weight or 

overweight
 
categories, especially when studying large populations or when access

 
to alternative 

methods of body composition assessment is limited. Caution should, however, be used
 
if BMI is 

applied as a measure of body fat, regardless of whether
 
normal-height or stunted children are 

studied (6).
 
 Sum of skinfolds may be a better indication of body fatness.  The SSF was not 

significantly different in stunted and non-stunted boys in the two study communities, but SSF 

was significantly greater for non-stunted girls in both study communities than for stunted 

children.  Two well-established sources of error may occur in the measurement of skinfolds (21).  

These are inter-observer error (21) and the potential gender, ethnic and maturation-related 

changes in body composition, which may affect the relationship between skinfold measures and 

body fat mass in subgroups of the population.   

   

Stunted children had a smaller WC, but a greater WHtR (except for the THUSABANA girls).   

The question then is which of these measures is giving a true reflection of abdominal obesity,  

but results from this study adds to the existing information that WHtR might be a better measure 
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of central adiposity on both adults and children.  Panjikkaran and co-workers (22) argue that 

‗waist circumference as a measure of obesity and overweight status suffers from the 

disadvantage of not considering important criteria such as body weight and height‘.  According 

to Cameron and colleagues (23), not testing the quantitative association between WC and height 

in order to create an independent index of WC has resulted in the erroneous belief that WC is the 

best indicator of risk throughout childhood and adolescence.  They argue that WC should 

become more important as an indicator of fat deposition during puberty when most of the 

centralization of fat occurs.  WHtR has been reported to be an effective predictor of metabolic 

risk; even then, a perfect relation of WHtR with obesity or overweight status is yet to be 

standardized. It has been shown that individuals with WHtR scores above 0.5 are likely to fall in 

the overweight or obese category, irrespective of age (24).  A review on the prevalence of 

obesity among adolescents by De Moraes and colleagues (25) concluded that there is no 

consensus on the methodology and criteria to be used for classifying abdominal obesity.  

Possible potential mechanisms linking growth retardation to increased central adiposity have 

been suggested, including impaired fat oxidation and the action of cortisol as part of the causal 

pathway (6).  No significant difference in STR as a measure of truncal obesity was observed 

between the stunted and non-stunted children in both the THUSABANA and Ellisras studies, but 

absolute values indicate higher STR in stunted girls from THUSABANA.  A longitudinal study 

in Senegalese adolescents showed a greater accumulation of subcutaneous fat in the upper part of 

the body (the trunk and arms) in those who were stunted, irrespective of the overall quantity of 

subcutaneous fat.  The authors argue that although there is as yet no precise explanation for this 

greater deposit of fat in the upper part of the body in stunted adolescents, it may be attributed to 
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complex hormonal adjustments that occur with the onset of puberty and which could be affected 

by malnutrition (8).  

 

Possible limitations in this study include the cross-sectional nature of data; causality of excess fat 

accumulation due to stunting cannot be established.   These measures of fat distribution have not 

been extensively
 
studied in children and it is, therefore, not known which one is the most valid 

measure to describe truncal or central adiposity in children. When deciding on the 

anthropometric measure to use to determine fat distribution in children, various factors need to 

be considered.  These factors include comparison with measures such as dual energy x-ray 

absorptiometry (DEXA), ability to characterize accurately the distribution of body fat 

independent of other factors such as gender and the ease of use in a practical research setting 

(26).  In conclusion, more research is needed to establish which adiposity measure is 

representative of the distribution of body fatness independent of age, race, gender and sexual 

maturation in children and adolescents. 
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Table 1: Summary of methods from the two studies showing similarities and differences 

  THUSABANA Study, North West 

Province (n=351) 

Ellisras Study, Limpopo 

Province 

Time of data 

collection 

May 2000 – June 2001 May 2000 

Sampling procedure 44 Schools were randomly selected and  

children were randomly selected 

systematically from class lists to be 

representative of the population of North 

West Province. Only children from rural 

schools were included in this study. 

22 schools (10 pre-school & 12 

primary) were randomly 

selected from 68 schools in the 

Ellisras area.  Each school was 

then assigned a grade with the 

expectation that most children 

in a particular age category 

would be found in that grade. 

Age range of children 9-15 years 6-13 years 

Height measurement IP 1465 stadiometer Martin anthropometer 

Weight measurement Precision electronic scale Electronic scale 

Waist circumference 

measurement 

Flexible Lufkin steel tape, midway 

between the lowest portion of the rib cage 

& iliac crest. 

Rosscraft athropometric tape for 

girths (steel), laterally, midway 

between the lowest portion of 

the rib cage & iliac crest, and 

anteriorly midway between the 

xiphoid process of the sternum 

and the umbilicus. 

Skinfold measurement Skinfolds were measued with John Bull  Skinfolds were measured with 

  skinfold caliper a Slim Guide skinfold caliper 
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Table 2: Formulae for calculating the various indices 

   Index Formulae Index used for 

 Body mass index (BMI) weight (kg) / height (m)
2
 Total body adiposity 

     Sum of skinfolds (SSF) triceps+subscapular  skinfolds Total body adiposity 

Waist-to-height ratio (WHtR) waist circumference / height Abdominal adiposity 

  

     Subscapular:triceps ratio (STR) subscapular skinfold/triceps skinfold Truncal adiposity 
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 Table 3: Characteristics of children from the two studies(mean±sd) 

                   Boys           Girls 

 

 

ELS(n=909) THB(n=170) p-value* ELS(n=851) THB(n=181) 

p-

value* 

 Age (years) 10.5(1.9) 12.0(1.5) < 0.001 10.5(1.8) 12.2(1.6) < 0.001 

 Weight (kg) 27.6(5.6) 33.0(9.0) < 0.001 28.3(6.7) 37.0(10.7) < 0.001 

 Height(cm) 137.8(10.3) 141.4(10.6) < 0.001 139.1(10.7) 144.6(10.8) < 0.001 

 Waist (cm) 55.5(4.1) 58.6(6.2) < 0.001 55.4(4.5) 60.2(7.8) < 0.001 

 BMI (kg/m
2
) 14.4(1.3) 16.2(2.5) < 0.001 14.4(1.7) 17.4(3.4) < 0.001 

 WHtR 0.40(0.03) 0.41(0.03) < 0.001 0.40(0.03) 0.42(0.04) < 0.001 

 SSF (mm) 13.1(3.3) 15.5(8.4) < 0.001 17.2(5.5) 23.4(12.9) < 0.001 

 STR 0.82(0.15) 0.80(0.17) 0.61 0.83(0.15) 0.86(0.27) 0.54 

       

   ELS-Ellisras; THB-Thusabana 

BMI-body mass index: SSF-sum of biceps, triceps,subscapular and suprailiac 

skinfolds:  WHtR-waist-to height ratio: STR-subscapular:triceps ratio 

  p-value*-difference between boys and girls, respectively of the two studies 
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Table 4: Adjusted means(sd) of different body composition measures for stunted and non- 

 stunted children by study and gender. 

         Boys                            Girls   

Study Variable Non-stunted Stunted p-value 

Non-

stunted Stunted p-value 

Ellisras 

 

(n=863) (n=46) 

 

(n=807) (n=44) 

 

 

BMI 14.4(0.04) 13.9(0.2) 0.005 14.5(0.06) 13.7(0.24) 0.002 

 

SSF 13.1(0.1) 12.2(0.5) 0.06 17.3(0.2) 15.5(0.8) 0.23 

 

Waist 55.6(0.1) 53.6(0.5) 0.0002 55.5(0.1) 53.2(0.6) 0.0003 

 

WHtR 0.40(0.0008) 0.43(0.004) <0.00001 0.40(0.001) 0.42(0.004) <0.00001 

 

STR 0.82(0.005) 0.82(0.02) 0.19 0.83(0.005) 0.79(0.02) 0.09 

THUSABANA 

 

(n=112) (n=58) 

 

(n=134) (n=47) 

 

 

BMI 16.5(0.2) 15.7(0.3) 0.03 17.7(0.3) 16.6(0.5) 0.054 

 

SSF 16.2(0.8) 14.2(1.1) 0.14 24.8(1.1) 19.4(1.8) 0.01 

 

Waist 59.8(0.5) 56.2(0.7) 0.00004 61.5(0.6) 56.6(1.0) 0.00007 

 

WHtR 0.41(0.003) 0.42(0.004) 0.05 0.42(0.004) 0.42(0.006) 0.10 

  STR 0.79(0.02) 0.80(0.02) 0.82 0.85(0.02) 0.91(0.04)  0.19 
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COMPARISON OF WAIST 

CIRCUMFERENCE PERCENTILES 

OF BLACK SOUTH AFRICAN 

CHILDREN AGED 10 TO 14 YEARS 

FROM DIFFERENT STUDY SITES 

 

It seems prudent to develop standards which are truly representative of children from all ethnic 

backgrounds (McCarthy et al., 2001). 
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Abstract 

Objective:   The purpose of this study was to describe the age and sex-specific waist 

circumference (WC) percentiles in black South African (SA) children from different study sites 

and compare these with those of African-American children.  

Methods: Data on WC were obtained from previous studies on black South African (SA) 

children aged 10-14 years.  Smoothed WC percentile curves for boys (3836) and girls (3992) 

were computed using the LMS method. The median curves displaying the values of the 50
th

 

percentile of the different data sets were compared with each other and a further comparison was 

done between the median WC of children from each data set and the African-American (A-A) 

children.  

Results: The smoothed percentile curves are presented for boys and girls in each data set.   

Boys had higher WC values than girls up to the 25
th

 percentile and from the 50
th

 percentile girls 

had higher values than boys right up to the 95
th

 percentile.  Girls aged 12 and 14 years from Cape 

Town at the 95
th

 percentile exceeded the WC value of 80cm identified as the cut-off point for 

increased risk of obesity related co-morbidities in adult Asian women. The 50
th

 percentile WC 

curves in the different data sets reflected differences in WC distribution of the children. 

Comparison with A-A children indicated similar WC from children in Cape Town (d=0.00-0.36) 

and major differences from children in Ellisras (d=1.80-2.82) 

Conclusions: The results indicate clearly that the median WC of children from SA studies is 

smaller than those of A-A children, with a medium to large effect size for the difference. Results 

also suggest concern with respect to high WC values (> 80 cm) among some children.  The 

differences observed between the different data sets and between SA and A-A children suggest 

that nationally representative data should be used to develop age, sex and ethnic specific WC for 

this population.  

Keywords: Children, waist circumference, percentile curves, South Africa. 
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Introduction 

Assessment of waist circumference (WC) has been included in a set of criteria for diagnosing 

metabolic syndrome by different groups of experts such as the International Diabetes Federation 

(IDF) and the National Cholesterol Education Program-Adult Treatment Program (NCEP-ATP 

III) (Druet et al., 2010).  The metabolic syndrome is characterized by a group of risk factors for 

cardiovascular disease and type 2 diabetes including abdominal obesity, dyslipidemia, glucose 

intolerance and hypertension (Eckel et al., 2005).  Abdominal obesity and insulin resistance 

appear to be the main underlying risk factors.  The problem of obesity and related metabolic 

disease risk is not only experienced among adults (Kimani-Murage et al., 2010), several large 

population studies have established the prevalence of metabolic syndrome during childhood 

(Chen et al., 1999; Cook et al., 2000).    

 

WC is easy to measure and more reproducible than skinfold measurements (Lemieux et al., 

2000).  Furthermore, it has a low intra-observer and inter-observer error, and when adjusted for 

clothing, accuracy remains good (McCarthy et al., 2001).  It has been suggested that the 

relationship between abdominal adiposity and cardiovascular diseases (CVDs) may differ among 

populations and ethnic groups (Molarius et al., 1998).  Therefore, the development of WC 

percentiles and cut-offs for various ethnic groups are necessary because of differences in body 

composition (Liu et al., 2010).  Countries that have developed reference WC percentiles for 

children and adolescents include Spain (Moreno et al., 2001), Britain (McCarthy et al., 2001), 

Canada (Katzmaryzk et al., 2004), USA (Fernandez et al., 2004), Australia (Eisenmann et al., 

2004), Mexico (Gomez-Diaz et al., 2005) and others.  Only a few of these studies have 

specifically investigated abdominal adiposity cut-off points associated with different diseases in 

non-white populations.  South Africa, like other African countries, has not been spared from the 

rampant increase in childhood obesity and related metabolic complications.  The prevalence of 

metabolic syndrome amongst South African children has been estimated at 6.5% using the NCEP 

ATP III definition (Matsha et al., 2009).  To this end there are no published data on WC of 

children from any country on the African continent except Nigeria.  It is in this light that this 

study describes the percentile distribution of  the WC  in black South African children from 

different studies, compares them to each other and to African-American(A-A) children.  
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Methods 

This paper compares WC data from cross-sectional surveys from different provinces of South 

Africa.  Anthropometric and socio-demographic data were collected on 1040 and 120 primary 

school children from KZN and Kimberley respectively. The KZN study included children from 

four large schools in the Valley of a Thousand Hills, (halfway between Pietermaritzburg and 

Durban), a peri-urban area in KwaZulu-Natal. The population density is fairly high with villages 

scattered over an extensive hilly area. Most houses were constructed with brick and cement with 

water supply mainly through communal taps.  More than half (54 %) of the households use 

electricity for cooking followed by paraffin (40%) and gas (3.4%) and the rest use coal.  Sanitary 

infrastructure is mainly pit latrines.  Most (93%) of the houses are electrified.  Cold storage in 

the form of refrigerator/freezer combination possession is common.  Kimberley is the capital of 

the Northern Cape Province.   Children included in this study were mostly living in 

brick/concrete houses.  Households have their own taps within the compound and use electricity 

for cooking.  Toilets are mostly flush.  Cold storage in the form of refrigerator/freezer 

combination possession is common and most households have a radio and television.  Class lists 

were obtained from the schools and 20% of children were selected from each class using a list of 

random numbers.  Informed consent was obtained from parents or guardians and the Ethics and 

Research Committee of the North-West University approved this study (Ethics number: NWU-

0057-08-A1).  

 

Anthropometric measurements  

The following anthropometric measurements were taken by trained personnel using standard 

techniques.  Height was measured on a floor standing stadiometer fitted with a headboard to the 

nearest 0.1 cm.  The subject stood barefoot on the base of the stadiometer and wearing light 

clothing, with heels together, head positioned such that the line of vision is perpendicular to the 

body (Frankfort plane) and arms hanging freely by the sides.  The movable headboard was 

brought onto the topmost point of the head with sufficient pressure to compress hair and the 

reading was taken.   Body weight was measured without shoes and with light clothing to the 

nearest 0.1kg on a digital bathroom scale (SECA). Body mass index (BMI) was calculated by 

weight divided by height squared (kg/m)
2
 (CDC, 2009).  WC was measured to the nearest 0.1 cm 

at the narrowest point between the lower coastal border and the top of the iliac crest, with a 



126 

 

flexible Lufkin anthropometric steel tape. Waist-to-height ratio was expressed as waist 

(cm)/height (cm). 

 

Secondary data from six other studies were obtained for inclusion in the current analysis.  These 

include (i) the THUSABANA (Transition and Health during Urbanization of South Africans; 

BANA, children- designated North West Province).  This study was set up to determine 

overweight status and to identify determinants of overweight and obesity among children aged 

10 to 15 years (n=905) in the North West Province.  A random sample stratified for age, gender, 

type of school and ethnic group was drawn.  For purposes of the current analysis only black 

children were included (Kruger et al., 2006).  (ii) Effects of dietary intake, socio-economic 

status, physical activity levels and the school environment on the weight status of children aged 

13-15 years in Bloemfontein, South Africa (designated Free State Province).  This study assessed 

the effect that diet, socio-economic status, physical activity levels and the school environment 

have on the weight status of children aged 13-15 years(n=408) in Bloemfontein.  Bloemfontein is 

the capital city of the Free State Province of South Africa. It is also the judicial capital, making it 

one of the three national capitals of South Africa (together with the administrative capital 

Pretoria and the legislative capital Cape Town).  A representative sample of school going 

children was drawn proportionally from all secondary schools in the area (Motseki et al., 2009).  

(iii) Relationship between fat patterns, physical fitness and blood pressure of rural South African 

children: Ellisras Longitudinal Growth and Health Study (designated Ellisras).  Cluster sampling 

method was used to select children (n=1730) in Ellisras to investigate the relationship between 

blood pressure, fat pattern parameters and physical fitness.  Ellisras is a rural area within the 

Limpopo Province and unemployment, poverty and low life expectancy seem to play a 

significant role in the lives of the people of this village (Monyeki et al., 2002).  (iv) Body 

composition in urban black South African children aged 6 to 13 years (designated Polokwane).  

A sample of children (n=1672) attending private schools in Polokwane participated in this 

survey.  By virtue of attending private schools these children were from middle to upper socio-

economic groups of the population.  All children present at school during the data collection 

period participated.  The objective of this study was to examine gender differences in percentage 

body fat of these children (Monyeki et al., 2008).  (v) Metabolic syndrome in 10 to 16-year-old 

learners (n=534) from the Western Cape, South Africa: Comparison of the NCEP ATP III and 

http://en.wikipedia.org/wiki/Free_State
http://en.wikipedia.org/wiki/South_Africa
http://en.wikipedia.org/wiki/Judicial
http://en.wikipedia.org/wiki/Pretoria
http://en.wikipedia.org/wiki/Cape_Town
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IDF criteria (designated Cape Town).  This study was aimed at identifying South African 

children from different racial groups with metabolic syndrome using either the NCEP ATP III or 

IDF definitions and determines the proportion of normal weight children that are metabolically 

obese.  The study sample included learners aged 10-16 years selected through probability 

stratified multistage random sampling and were from lower to middle income areas of Cape 

Town. Only black children were included in the current analysis (Matsha et al., 2009).  (vi) and 

the prevalence of stunting, overweight and obesity, and metabolic disease risk in rural South 

African children (designated Mpumalanga).  This study investigated the prevalence and patterns 

of stunting, overweight and hence the risk for metabolic disease in a group of children from rural 

South Africa (n=2252).  This investigation was part of the Agincourt sub-district (Mpumalanga 

Province) health and socio-demographic surveillance system.  The study sample consisted of 

children and adolescents aged 1-20 years randomly selected from the Agincourt database 

(Kimani-Murage et al., 2010).   

 

Data from the mentioned studies were collected across different age ranges and ideally it could 

be combined to describe WC for each age group across the eight data sets.  However, this was 

not possible because of the differences in the age ranges in the data sets and the uneven 

distribution of children in the age groups.  Table 1 summarises details of each study and Table 2 

shows the distribution of children by study site, gender and age.  The sample sizes of the 

different studies varied with Kimberley having the lowest number of children (n=120) and 

Mpumalanga having the highest (n=2252).  The age distribution also differed both within and 

between the different data sets, with some study sites having only older children such as 

NorthWest Province (10 to 15 year old) and Free State Province (13 to 16 years).  Furthermore, 

some age groups were underrepresented in some studies, for instance there was only one 8 year 

old boy from Cape Town (Table 2).  As a practical approach to these limitations, age groups that 

were common to the majority of the data sets and with sufficient sample sizes (>20) were 

identified, namely children aged 10 to 14 years in all data sets to be used in the current analysis.  

Kimberley and Free State data were then excluded from the analysis because Kimberley data had 

less than 20 children in each age group and Free State had no children aged 10 to 12 years.  

Ellisras children aged 14 years were, however, included despite the small sample size because of 
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good representation for other age groups.  Details of how measurements were taken are 

described in detail in the different studies. 

 

Table 1: Summary of the different data sets collected for this study. 

Study site Year of study Stratum Boys Girls Total WC measurement position 

Ellisras 2000 Rural 892 838 1730 Midway between the  

      

lowest portion of the rib 

      

cage and iliac crest 

Polokwane 2000 Urban 851 821 1672 Midway between the  

        

lowest portion of the rib 

        

cage and iliac crest 

        

cage & iliac crest 

  

            North West 2000/2001 Urban & 431 474 905 Halfway between iliac  

   

rural 

    

crest & lower boarder of  

 

        

the floating rib 

  

            Free State 2006 

 

Urban 

 

170 238 408 Narrowest circumference  

 

        

on the waist above the  

 

        

iliac crest 7 below the  

 

        

lower rib 

   

            Cape Town 2006/2007 

 

Urban 

 

196 338 534 Narrowest part of the torso 

 

        

& between the ribs and  

 

        

iliac crest 

   

            Mpumalanga 2007 

 

Rural 

 

1097 1155 2252 Natural waist 

  

            KZN 2008 

 

Rural 

 

545 480 1025 Narrowest point between 

 

        

the lower coastal border & 

 

        

the top of the iliac crest 

 

            Kimberley 2009 

 

Informal 

 

66 54 120 Narrowest point between 

 

   

settlements 

   

the lower coastal border & 

                 the top of the iliac crest 
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Table 2: Proportional age distribution of children by gender and study site 

 

  
Study site           Age           

Boys 6 7 8 9 10 11 12 13 14 15 16 

Ellisras 26 68 92 111 150 184 173 81 7 

  
Polokwane 6 58 96 125 92 133 127 115 62 30 7 

North West 

    

55 89 98 63 58 68 

 
Free State 

       

21 77 63 9 

Cape Town 

  

1 12 20 12 27 22 31 39 32 

Mpumalanga 104 91 111 90 98 105 99 113 103 109 74 

KZN 42 75 50 63 66 67 73 57 26 21 5 

Kimberley 4 11 13 15 11 8 4 

    
All SA 182 303 363 416 492 598 601 472 364 330 127 

Girls 

           
Ellisras 26 54 85 98 160 193 158 56 8 

  
Polokwane 4 71 108 103 102 129 127 97 56 21 3 

North West 

    

87 80 88 73 69 77 

 
Free State 

       

29 108 91 10 

Cape Town 

  

10 17 15 47 72 62 50 44 21 

Mpumalanga 89 110 96 100 101 97 120 125 111 112 94 

KZN 38 59 49 65 56 67 60 57 25 3 1 

Kimberley 2 7 10 

 

13 12 1 

 

1 

  
All SA 159 301 358 396 533 621 626 499 428 348 129 

 

 

 



130 

 

Statistical analysis 

Statistical analysis was performed with SPSS for Windows software version 17 (SPSS Inc. 

Chicago, IL).  The mean and standard deviations for weight, height, BMI, WC and waist-to-

height ratio (WHtR) were calculated by age group and gender for each data set to show the 

anthropometric profile of children from the different studies.  Smoothed age-and-gender specific 

percentiles were constructed using LMS Chart Maker Pro software package (The Institute of 

Child Health, London) which fits smooth centile curves to reference data using the LMS method 

(Cole & Green 1992).  The median and inter-quartile ranges for WC of children from the 

different study locations were computed.  To compare WC of South African children to African-

Americans (A-A) the effect size for the difference in medians of each data set and A-A data was 

calculated to determine the magnitude of the observed differences.  Effect size is a way of 

quantifying the size of difference between two groups and is calculated as [(mean of 

experimental group-mean of control group)] /standard deviation.  The effect size of 0.2 is 

considered small, 0.5 is medium and 0.8 upwards is large (Cohen, 1969). For the A-A data the 

median was used because the mean was not available in the published article on A-A children, 

while for the current study sample the median was used because it was close to the mean for 

most samples.  No comparisons have been made with the Nigerian data because the data were 

presented in age groups.  Additionally, data were then pooled to construct percentile curves for 

the whole South African data set.  The pooling of data from different studies was done in order 

to provide a statistical description with all the advantages and disadvantages that apply.  We 

recognize that pooling data made up of the different studies is less than ideal. The major 

uncertainty with this approach may be the extent to which the datasets are representative of black 

South African children at national level. However, within these known limitations the 

distribution of the pooled data was compared with the African-American data. 

 

Results 

Table 3 shows the means (sd) of the height, weight, WC, BMI and WHtR of children from 

different study populations by age and gender.  Whilst significant differences were observed 

between children from different locations for the different anthropometric measures others were 

not significantly different.   For instance boys from Cape Town had significantly higher weight 

and BMI than children from all other locations (p=0.001) and there was no significant difference 
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observed in the weight of boys from KZN and Mpumalanga at age 10 and 11 years (p=0.34 and 

p= 0.78 respectively.  At ages 10, 11, 13 and 14 girls from Mpumalanga were significantly taller 

than all other children (e.g for North-West: p= 0.001, p=0.000, p=0000 & p=0.001 respectively) 

whilst Ellisras girls had significantly smaller weight than all other children at ages 11, 12, 13 & 

14 (p=0.000 for all).   WC increased with age for both boys and girls from the different study 

sites, with the mean values being different between the sites.  Percentile distributions of WC 

according to age, gender and study location were calculated.  At the 5
th

, 10
th

 and 25
th

 percentile 

boys had bigger WC than girls and from the 50
th

 to the 95
th

 percentiles the WC of girls was 

bigger than that of boys.  It was also observed that WC of girls at 12 and 14 years from Cape 

Town was big even exceeding value of 80 cm identified as the cut-off point for increased-related 

co-morbidities in adult Asian women (Alberti et al., 2006).  At ages 10 and 11 years there are 

instances where North West children had the lowest WC values but in most instances across all 

the ages Polokwane and Ellisras children (both boys and girls) had the lowest WC values.  The 

smoothed centile curves with age are presented in Figure 1 to show the pattern of WC growth 

with age for the different study sites. As illustrated by the curves the distribution of WC 

percentiles varied across the different sites.  Generally boys and girls from Mpumalanga had 

higher WC than other children for lower percentiles (5
th

 to 25
th

). Cape Town children had higher 

WC from the 50
th

 percentile upwards than children from all the other studies.  The rate of 

increase in WC varied across the different sites as children became older.  For instance there was 

a greater increase in WC from 11 to 12 years of age in Polokwane and Cape Town boys, whilst 

at ages 12 to 13 years KZN boys had the greatest increase.  At the 95
th

 percentile boys and girls 

from Cape Town had bigger WC than the other children and Ellisras children had the smallest 

WC. 

 

Results of the comparison of median WC values of children from different study sites to A-A 

children indicate that Cape Town children were consistently comparable to A-A children as 

shown on Figure 2, 3 & 4 while children from Ellisras were always smaller  than A-A children as 

shown be the large effect size (>0.8) for the difference between the median WCs.  From age 12 

to 14 years median WC of Mpumalanga children were also comparable to those of A-A children 

as shown by the small effect size for the difference (d=0.16-0.31).  When all the data sets were 

combined the median WC of South African girls at 13 years demonstrated a small effect size 
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(d=0.13) for the difference from the median WC of A-A girls.  A difference of medium effect 

size was found between median WC of South African and A-A boys at age 14 years (d=0.47).  

At all the other ages South African children had smaller WC than A-A children with medium to 

large effect sizes (d=0.64-1.17). 
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Table 3: Mean(sd) for anthropometric variables for 10-14 year old children 

                Boys           Girls     

Age Province n Height Weight Waist BMI WHtR n Height Weight Waist BMI WHtR 

10 Cape Town 20 136.3(6.0) 33.6(6.8) 61.1(8.1) 18.0(2.7) 0.45(0.05) 15 138.0(5.8) 34.6(5.7) 61.0(6.5) 18.1(2.3) 0.44(0.05) 

 

North West 55 132.8(5.4) 28.0(5.1) 55.9(4.8) 15.8(2.2) 0.42(0.03) 87 135.0(8.1) 29.7(7.6) 56.1(6.4) 16.2(3.1) 0.42(0.04) 

 

Ellisras 150 138.4(6.4) 27.6(3.7) 55.5(3.5) 14.4(1.1) 0.40(0.02) 160 138.4(5.3) 27.4(4.5) 55.1(4.2) 14.2(1.6) 0.40(0.03) 

 

KZN 66 132.6(7.0) 29.9(4.8) 58.2(3.9) 16.9(1.6) 0.44(0.03) 56 133.1(7.1) 32.0(5.9) 59.0(5.1) 18.0(2.2) 0.44(0.04) 

 

Polokwane 92 136.6(10.5) 30.2(8.4) 56.5(5.8) 15.9(2.7) 0.41(0.03) 102 137.0(10.3) 31.1(8.7) 57.1(7.1) 16.4(3.2) 0.42(0.04) 

 

Mpumalanga 98 136.8(6.2) 29.8(4.9) 59.2(4.4) 15.9(1.9) 0.43(0.03) 101 139.6(6.8) 33.08(8.2) 60.1(6.5) 16.8(3.0) 0.43(0.04) 

11 Cape town 12 140.1(4.1) 33.8(4.4) 58.5(6.4) 17.2(1.8) 0.42(0.04) 47 144.3(7.1) 41.5(9.3) 65.3(9.1) 19.8(3.9) 0.45(0.06) 

 

North West 89 137.4(7.3) 29.6(4.5) 56.3(3.7) 15.6(1.7) 0.41(0.02) 80 141.1(6.5) 34.7(8.8) 59.4(8.4) 17.3(3.5) 0.42(0.05) 

 

Ellisras 184 142.4(5.8) 29.7(3.9) 56.5(3.8) 14.6(1.2) 0.40(0.02) 193 143.6(6.1) 30.3(5.5) 56.7(4.2) 14.6(1.8) 0.40(0.03) 

 

KZN 67 137.6(7.3) 32.8(4.8) 59.4(3.6) 17.0(1.4) 0.43(0.03) 67 139.0(7.0) 37.3(8.8) 62.2(7.3) 19.2(3.4) 0.45(0.05) 

 

Polokwane 133 138.3(11.6) 31.4(9.6) 56.6(5.9) 16.1(2.9) 0.41(0.04) 129 138.8(11.8) 30.9(9.9) 56.7(6.5) 15.8(3.0) 0.41(0.04) 

 

Mpumalanga 105 142.2(6.8) 32.9(6.9) 60.4(4.9) 16.2(2.4) 0.42(0.03) 97 146.2(7.4) 36.6(9.2) 61.8(7.4) 17.0(3.3) 0.42(0.04) 

12 Cape town 27 152.6(10.7) 46.9(13.6) 67.3(8.7) 19.9(4.5) 0.44(0.05) 72 149.6(7.2) 47.6(14.2) 68.7(11.3) 21.0(4.8) 0.46(0.06) 

 

North West 98 142.4(7.3) 32.8(6.4) 58.5(5.2) 16.1(2.0) 0.41(0.03) 88 145.4(8.6) 36.2(8.2) 59.8(5.9) 17.0(2.7) 0.41(0.03) 

 

Ellisras 173 145.4(7.6) 31.7(5.3) 57.6(4.1) 14.9(1.5) 0.40(0.03) 158 148.1(7.0) 33.5(5.8) 57.4(4.4) 15.2(1.8) 0.40(0.03) 

 

KZN 73 140.1(6.6) 35.0(6.8) 61.3(5.3) 17.7(2.4) 0.44(0.03) 60 143.9(5.9) 41.0(9.7) 63.6(7.2) 19.6(3.6) 0.44(0.04) 

 

Polokwane 127 142.6(13.2) 35.3(11.3) 58.9(7.1) 17.0(3.4) 0.41(0.04) 127 140.5(15.1) 33.2(11.3) 57.4(6.8) 16.4(2.9) 0.41(0.04) 

 

Mpumalanga 99 147.4(7.9) 37.4(10.4) 63.1(6.6) 17.0(3.1) 0.43(0.03) 120 135.1(7.4) 47.6(12.3) 68.7(8.3) 20.1(4.0) 0.45(0.04) 

13 Cape town 22 151.2(9.2) 45.5(16.7) 66.1(9.8) 19.6(5.1) 0.44(0.05) 62 153.4(7.7) 50.5(10.2) 68.8(7.2) 21.4(3.7) 0.45(0.04) 

 

North West 63 147.1(7.9) 36.4(7.3) 60.8(4.9) 16.7(2.2) 0.41(0.03) 73 149.9(7.4) 39.5(8.6) 61.2(6.0) 17.4(2.6) 0.41(0.03) 

 

Ellisras 81 146.8(6.1) 32.3(4.8) 57.5(4.3) 14.9(1.5) 0.39(0.03) 56 150.6(7.5) 35.8(6.4) 57.9(4.9) 15.7(1.8) 0.38(0.04) 

 

KZN 57 147.8(7.7) 39.8(7.2) 63.8(5.9) 18.1(2.3) 0.43(0.04) 57 151.0(5.8) 48.1(9.9) 65.7(7.8) 21.0(3.9) 0.44(0.05) 

 

Polokwane 115 145.3(14.2) 36.2(10.9) 58.8(6.4) 16.9(3.5) 0.40(0.04) 97 146.5(13.1) 37.5(11.0) 59.4(6.4) 17.1(3.1) 0.41(0.04) 

 

Mpumalanga 113 155.9(10.6) 44.1(11.0) 65.7(6.0) 17.8(2.4) 0.42(0.02) 125 155.9(6.5) 47.8(8.6) 67.9(6.6) 19.6(3.0) 0.44(0.04) 

14 Cape town 31 159.1(9.9) 50.8(10.2) 67.9(6.6) 19.9(2.7) 0.43(0.04) 50 155.2(6.0) 54.1(12.6) 71.0(10.0) 22.4(4.6) 0.46(0.06) 

 

North West 58 153.0(9.8) 41.3(9.1) 62.0(6.3) 17.6(3.4) 0.41(0.04) 69 153.8(6.2) 47.4(11.5) 65.2(9.9) 19.9(4.3) 0.42(0.06) 

 

Ellisras 7 152.7(6.1) 34.8(3.4) 57.2(4.0) 14.9(0.7) 0.38(0.04) 8 149.6(7.4) 34.0(6.2) 56.7(5.0) 15.1(2.0) 0.38(0.04) 

 

KZN 26 155.0(8.5) 43.4(7.0) 63.6(3.7) 18.0(1.5) 0.41(0.03) 25 151.0(6.4) 45.6(5.9) 63.8(4.1) 20.0(2.2) 0.42(0.03) 

 

Polokwane 62 146.1(14.5) 37.0(12.8) 59.0(7.7) 16.8(3.3) 0.40(0.04) 56 148.6(13.3) 38.1(14.3) 60.6(9.2) 16.8(4.0) 0.40(0.05) 

  Mpumalanga 103 161.3(9.4) 47.7(10.0) 67.0(5.4) 18.2(2.5) 0.41(0.03) 111 159.5(6.0) 51.8(10.8) 69.1(7.9) 20.3(4.1) 0.43(0.05) 
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Table 4: Median and Inter quartile range for waist circumference of children from different study sites 

        Boys         Girls       

Age Province Median Mean SD IQR d Median Mean SD IQR d 

10 Cape Town 58.7 61.2 8.1 56.6-61.9 0.32 60.8 61.0 6.5 56.2-67.0 0.34 

 

North West 55.6 55.9 4.8 52.3-57.7 1.19 54.2 56.1 6.4 51.7-59.0 1.38 

 

Ellisras 55.0 55.5 3.5 53.0-57.9 1.80 55.0 55.1 4.1 52.8-57.0 1.95 

 

KZN 57.4 58.2 3.9 55.3-59.7 1.00 58.1 59.0 5.1 55.1-62.9 0.96 

 

Polokwane 55.5 56.5 5.8 52.4-59.1 1.00 55.6 57.1 7.1 53.0-59.7 1.04 

 

Mpumalanga 58.3 59.2 4.4 56.6-60.4 0.68 59.0 60.1 6.5 56.0-62.5 0.62 

 

All SA 56.8 57.0 4.9 54.0-59.1 0.92 56.0 57.2 6.2 53.0-60.0 1.13 

 

A-A 61.3 

  

58.1-66.1   63.0 

  

58.3-70.3 

 11 Cape Town 56.5 58.5 6.4 55.6-59.9 1.05 63.0 65.3 9.1 59.0-70.4 0.23 

 

North West 56.4 56.3 3.7 53.6-58.8 1.84 56.9 59.4 8.4 53.8-63.3 0.98 

 

Ellisras 56.4 56.5 3.8 53.9-59.4 1.79 56.9 56.7 4.2 54.0.-59.0 1.95 

 

KZN 59.1 59.4 3.6 57.3-60.8 1.14 60.5 62.2 7.3 56.9-67.5 0.63 

 

Polokwane 55.6 56.6 5.9 53.0-58.6 1.29 55.8 56.7 6.5 53.0-58.8 1.43 

 

Mpumalanga 60.0 60.4 4.9 57.6-62.4 0.65 60.5 61.8 7.4 56.0-64.8 0.62 

 

All SA 57.2 57.6 4.8 54.5-60.2 1.25 57.6 59.0 7.2 54.8-61.6 1.04 

 

A-A 63.2 

  

59.8-68.3   65.1 

  

60.0-73.1 

 12 Cape Town 65.0 67.3 8.7 61.5-72.5 0.00 65.4 68.7 11.3 60.3-76.8 0.17 

 

North West 58.1 58.5 5.2 54.6-60.7 1.33 59.2 59.8 5.9 55.8-63.6 1.37 

 

Ellisras 57.6 57.6 4.1 55.0-59.8 1.80 57.0 57.4 4.4 54.2-60.0 2.34 

 

KZN 59.9 61.3 5.3 57.9-64.5 0.96 61.4 63.6 7.2 59.1-67.1 0.82 

 

Polokwane 57.7 58.9 7.1 54.0-61.9 1.03 56.3 57.4 6.8 52.5-61.0 1.62 

 

Mpumalanga 61.4 63.1 6.6 59.5-65.0 0.55 66.0 68.7 8.3 63.0-74.4 0.16 

 

All SA 58.8 59.9 6.3 56.0-62.2 0.98 60.0 61.8 8.7 56.0-65.5 0.84 

 

A-A 65.0 

  

61.5-70.5   67.3 

  

61.7-75.9 

 13 Cape Town 63.4 66.1 9.8 58.5-68.5 0.36 67.6 68.8 11.3 64.2-72.7 0.16 

 

North West 60.2 60.8 4.9 57.5-62.4 1.37 60.4 61.2 6.0 57.0-65.2 1.50 

 

Ellisras 57.2 57.5 4.3 55.0-60.4 2.26 58.5 57.9 4.9 54.1-62.0 2.22 

 

KZN 63.1 63.8 5.9 60.0-65.8 0.64 64.6 65.7 7.8 60.2-69.4 0.62 

 

Polokwane 58.6 58.8 6.4 54.0-63.0 1.30 59.0 59.4 6.4 55.4-62.0 1.63 

 

Mpumalanga 64.5 65.7 6.0 61.3-69.3 0.40 68.0 67.9 6.6 63.0-72.0 0.21 

 

All SA 67.0 61.8 7.1 63.2-70.3 -0.01 68.2 64.0 7.8 64.0-73.0 0.15 

 

A-A 66.9 

  

63.2-72.7   69.4 

  

63.4-78.8 

 14 Cape Town 68.0 67.9 6.6 63.4-71.9 0.11 69.8 71.0 10.0 63.8-74.7 0.17 

 

North West 60.5 62.0 6.3 58.9-63.2 1.30 62.4 65.2 9.9 58.4-70.0 0.92 

 

Ellisras 58.0 57.2 4.0 53.0-60.4 2.68 57.4 56.7 5.0 52.4-59.5 2.82 

 

KZN 64.2 63.6 3.7 60.5-66.4 1.22 62.4 63.8 4.1 60.5-67.2 2.22 

 

Polokwane 57.0 59.0 7.7 54.2-63.0 1.52 59.2 60.0 9.2 55.4-63.0 1.34 

 

Mpumalanga 66.6 67.0 5.4 63.6-70.2 0.39 67.0 69.1 7.9 64.5-72.0 0.57 

 

All SA 64.4 65.1 7.7 60.1-69.0 0.56 65.5 67.1 9.4 61.0-71.0 0.64 

  A-A 68.7     64.9-74.9   71.5     65.1-81.6   

A-A: African-American 

All SA-South African data sets combined 

*d = effect size for the difference in median waist circumferences between each study sample 

and A-A children 
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Figure 2: Comparison of the 50th percentile WC curves (unsmoothed) for 10-14 year old South African 

& African-American boys

Figure 3: Comparison of the 50th percentile WC curves(unsmoothed) for 10-14 year old South African 

& African-American girls
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Figure 4: Graphical presentation of effect sizes for the difference between median WC of study samples and 

African American children
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Discussion 

This study showed that the WC distribution of black SA children from different studies was 

different with a trend indicating that Cape Town children had the biggest WC and Polokwane 

and Ellisras children had the smallest WC.  The City of Cape Town is one of South Africa‘s five 

metropolitan municipalities and is regarded as the economic heartbeat of the Western Province.  

It has outperformed the rest of the Province in terms of infrastructure, income and waste disposal 

(City of Cape Town, 2006).  In the urban setting globalization has been observed to increase the 

risk of obesity by creating an environment that promotes consumption of foods rich in fat and 

sugar (Khan et al., 1999).  This was observed in the National Food Consumption Survey (1999) 

when the study reported a high prevalence of overweight among urban children when using the 

body mass index standard proposed by Cole et al., (2000) to classify children.  This could be a 

possible explanation for the current observation.  Childhood obesity has negative health 

implications with approximately 5-10 year old children presenting with at least one associated 

cardiovascular risk factor and 25% presenting with two or more risk factors (Koplan et al., 

1999).  The Limpopo Province is one of the poorest regions of South Africa especially in the 

rural areas with over 61% of the population living below the national poverty line (UNDP, 

2004).  Generally despite government‘s commitment to addressing development issues in South 

Africa, disparities in food security exist between communities and households across the 

country, reflecting continuing social and economic inequalities which could be contributing to 

differences in the growth rate of children from different locations. Kgamphe (2009) argues that 

South Africa is a cosmopolitan country with high urbanization rate. The wide range of socio-

economic conditions both within urban and rural environments makes South Africa a non-

homogeneous country in terms of economic conditions, health systems and prevalence of 

disease.  

 

Malina et al. (2004) maintain that although human beings are in general genetically similar, 

populations differ in a variety of genotypic and phenotypic characteristics including growth.  The 

differences in WC of children from these sites may imply that environmental factors such as 

lifestyle and cultural characteristics may be more important determinants of WC than genetic 

similarity.  Tanner (1976) argues that differences in size and shape between children of different 

populations are due to differences in their gene pools, in their environments, and in the 
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interactions between the two, but with the added complications caused by variations in rate of 

maturation. Thus, two populations may reach an average identical adult size, but the children of 

one population may be larger than those of the other at a particular age, simply because they 

have a faster rate of growth, enter puberty earlier, and cease growing earlier.   

 

The comparison of median WC values of children from different study sites to A-A children 

were made.  The reason why comparisons were made with these children is that they are of the 

same ethnic origin and several studies have described ethnic differences in WC (McCarthy et al., 

2001; Fernandez et al., 2004; Misra et al., 2005).  The effect size for the difference of median 

WC between the study samples and A-A children was in most instances smaller for Cape Town 

children.  It is possible that this is so because Cape Town is a city and is the legislative capital of 

South Africa as well as the capital of Western Cape Province and one of the biggest cities in 

South Africa.  As a result of urbanization the living conditions might be contributing to the 

growth rate of children there.  The 2006 general household survey for Cape Town pointed to 

these conditions when it revealed that 87.4% of households have a flush or chemical toilet,  

94.9% have refuse removed by the municipality at least once a week, 69.3% have running water 

inside their dwelling, 80.1% use electricity for cooking and 77% of households have a television 

(Small, 2008).  Similar observations have been reported in Indian children, where the prevalence 

of overweight and obesity was significantly higher among children of the upper socio-economic 

status (Tharkar et al., 2009).  Rapid epidemiological transition currently sweeping across South 

Africa is probably having a direct impact on food habits and lifestyle resulting in increases in 

obesity among children in urban areas.   

 

Although Polokwane is also an urban area, children from this study site always had smaller 

median WC.  This observation is similar to results from a previous study on urban-rural 

differences in the growth of South African black children (Cameron et al., 1992).  The general 

pattern observed in this study was that the average urban children were consistently and at times 

significantly smaller and lighter and concluded that the average urban environment in South 

Africa is not conducive to improved growth and health unless it is accompanied by an improved 

socioeconomic status.  This could possibly be an explanation for the current observation.  

Ellisras children had in most instances smaller WC than children from all other SA studies, as 
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well as the A-A children.  This might be due to the fact that Ellisras is a rural area and in a 

province (Limpopo) considered one of the poorest in South Africa (Oni et al., 2003).  The 2008 

Youth Risk Behaviour Survey of high school children indicated that 12.8% of children in 

Limpopo Province were stunted. North West children had similar WC values to those of Ellisras 

children.  Data analysis by Mukuddem-Petersen et al. (2004) on THUSABANA children 

previously documented a high prevalence of stunting in rural areas (boys: 26.7%, girls: 23.7%) 

and the highest prevalence of overweight and obesity was found among white children (14.2%), 

compared to black (7.1%), This could explain why North West children had similar median WC 

values to Ellisras children and they both have a high prevalence of stunting.  It was suprising to 

observe a small difference between the median WC of Mpumalanga and A-A children.  These 

children would be expected to be thinner because they lived in a rural area.  It could be possible 

that this is a demonstration of an association between low socio-economic status and obesity.  A 

comparison of WC data between different studies, however, needs to be done with caution 

because of the following reasons:  First the measurement sites usually differ as is the case in data 

sets used in the current study.  Currently there is no agreement on which site is optimal (Wang, 

2003), with five different sites used by different investigators.  These include: (i) midway 

between the lowest rib and superior iliac crest; (ii) at the umbilical level; (iii) at the narrowest 

point of the torso; (iv) at the level of the right upper iliac crest and at the level of 2cm above the 

umbilicus.  A recent study demonstrated that the different sites differ significantly among 7-84 

year old individuals (Wang, 2003).  If waist circumference is to become an important public 

health assessment tool for central obesity in both adults and children, international agreement 

about measurement site is required (Sung, 2008).  Secondly, although the data used in this study 

were on black South African children, the surveys are different in timing, selection of children 

and other environmental factors; these could have a confounding effect on the outcomes 

observed.  The question, therefore, is whether the timing of the studies has any relevance to the 

differences in WC of children.   Utter and colleagues (2009) argue that considerable changes in 

body size and shape including WC have occurred in recent decades in children and this may be a 

consideration when comparing data collected in different periods (Liu et al., 2010).  The 

different studies were conducted at different time periods and median WC values reflect a trend 

towards increasing WC with time.  For instance 10 year old boys in the North West Province 

conducted in 2000 have the median WC of 55.6cm versus 58.3 for Mpumalanga (2007) and 58.7 
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for Cape Town (2007).  This could possibly be due to improvements in the general socio-

economic status of the different provinces in South Africa.  The 2001 population census figures 

indicate accelerated growth in the urbanization of South Africa (Stats SA,2004) and Prinsloo 

(2001) argue that normally one expects to see an increase in standards of living and in the 

Human Development Index with increases in urbanization possibly contributing to increasing 

WC with time.   

 

Results of this study describe the WC percentile distribution in a sample of black South African 

children.  Therefore, the estimated percentiles describe the population represented and do not 

establish a standard of what WC of these children should be.  The disadvantage of reviewing 

data from different provinces as in this analysis is the potential imbalance in the impact of socio-

economic development on children across the different sites. Therefore, making comparisons 

across the studies may not reflect the true representation of the patterns in WC. Evaluation of this 

distribution is nevertheless important given the mounting concern of obesity among children and 

the health consequences of overweight and obesity.    This information can be used as a point of 

reference for future studies on WC in the pediatric population.  Although not ideal, the WC 

values for the combined data sets give a crude description of the existing WC distribution of the 

South African black population of 10-14 year old children.  It indicates clearly that the median 

WC of children from SA studies is smaller than those of A-A children, with a medium to large 

effect size for the difference.  In future the possibility of developing ethnic specific cut-off points 

for this population for the identification of at risk persons should be given priority based on the 

fact that childhood obesity is a problem of epidemic proportions worldwide.  WC is inexpensive, 

simple to measure and correlates strongly with trunk fat, thus its assessment may add to 

identifying children at increased risk of cardiovascular diseases. 
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―Keep your waist circumference to less than half your height‖ (Ashwell, 2005). 
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Abstract 

We determined the sensitivity of waist-to-height ratio (WHtR) as a marker for high blood 

pressure in children aged 9-15y (n=1131) from schools in the NorthWest Province, South Africa. 

Anthropometric and blood pressure measurements were taken.  The sensitivity and specificity of 

the WHtR to identify children with high blood pressure were evaluated.  At a cut-off value of 

0.5, 7.9% of the girls and 3.4% of the boys had central adiposity. Thirteen percent of the children 

were hypertensive. The optimal WHtR cut-off value to identify children with hypertension was 

0.41 in both boys and girls. Positive correlations were observed between anthropometric indices.  

Using linear regression analysis, age and body mass index were significant predictors of high 

blood pressure in boys whilst for girls it was height and weight.  Results suggest that adopting a 

WHtR cut-off value <0.5 could enhance the use of WHtR as a marker for high blood pressure in 

children. 

 

Keywords: waist-to-height ratio, blood pressure, children, South Africa. 
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Introduction 

Assessment of risk for the presence of high blood pressure in children is of particular 

importance, since it allows for the timely identification of those at high risk of developing  high 

blood pressure later in life.  In this context measures of obesity indices in children such as body 

mass index (BMI), waist circumference (WC) and waist-to-height ratio (WHtR) are all 

considered useful, non-invasive anthropometric measurements to provide information on the risk 

of high blood pressure.  However, studies of both adults
1-2

 and children 
3-5

 
 
have concluded that 

WHtR is more strongly associated with cardiovascular (CV) risk factors than BMI.  Hence the 

WHtR has been proposed as an alternative measure for assessing central fatness in children on 

the basis that it is relatively age-independent and that in normalising for growth, it might 

preclude the need for age-related reference charts. 
3-4, 6

  Given the growing concern of obesity 

among children and its consequences, coupled with the fact that high blood pressure has been 

previously observed in children, the establishment of ethnic specific cut-off values for 

identification of at-risk persons cannot be overemphasised.  It is important to establish that such 

ethnic specific cut-off values require demonstration of differential predictive validity and not 

simply demonstration of marginal distribution of the predictor.
5
  Previously Ashwell and 

colleagues
7
 proposed an age-independent universal WHtR cut-off value of 0.5 for predicting CV 

risk.  However, this value is yet to be tested by direct correlation with CV risk markers in 

children.  Sung and co-workers
8 

 argue that for a WHtR of 0.5 to become a universal predictor of 

CV risk in children, further direct confirmatory evidence from comparative correlations with CV 

risk factors in children of different age and ethnic origins are required.  Early detection of high 

blood pressure is imperative as children within the upper distribution of blood pressure are at risk 

of developing hypertension in adulthood.
9
   The predictive ability of WHtR in South African 

children remains unknown; therefore this study is aimed at assessing the diagnostic accuracy of 

WHtR as a marker for future cardiovascular events like high blood pressure in South African 

children and whether WHtR could be used as a marker for high blood pressure. 

 

Methods 

Participants 

The sample of children in the current analysis was drawn from the THUSA BANA (Transition 

and Health during Urbanisation of South Africans; BANA means children) study which was 
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conducted between May 2000 to June 2001.  This study was aimed at investigating the 

determinants of overweight, obesity and high blood pressure among 9 to 15 year old school 

children in the North West Province of South Africa.  Study methods were described in detail by 

Kruger et al.
10

   Briefly, forty four schools were randomly selected from a list of schools 

obtained from the Department of Education in the North West Province.  From the selected 

schools boys and girls were randomly selected systematically from the class lists.  The 

measurements were taken during school hours after informed consent was given by the school 

headmaster and the children‘s parents and assent was obtained from the children.  The total 

number of children was 1257.  However, with some of the anthropometric variables, missing 

values limited the sample size to 1131 subjects.  This study was approved by the Ethics 

Committee of the North-West University.  

 

Body Composition 

All anthropometric measurements were taken according to standard methods 
10 

by qualified 

anthropometrists using calibrated apparatus.  Weight was measured to the nearest 0.1 kg on a 

calibrated electronic scale (Precision Health Scale, Saitama, Japan) and height was measured to 

the nearest 0.1 cm with a stadiometer calibrated using a flexible steel measuring tape (Lufkin, 

Cooper Tools, Apex, NC, USA).  Waist circumference (WC) was measured at the narrowest 

point between the lower coastal border and the top of the iliac crest, perpendicular to the long 

axis of the body with the Lufkin steel tape to the nearest 0.1 cm when the participant was in a 

standing position at the end of normal expiration
11

.  BMI was calculated by weight divided by 

height (m
2
) 

12 
and waist-to-height ratio was derived by dividing waist circumference (cm) by 

height (cm).
13

 The triceps and subscapular skinfolds were measured on the left side following 

standard techniques
14

 (Lohman, 1988), and were used to calculate percent body fat using Boileau 

et al., (1985)
15

 formulas below: 

i) 6-11 years  constant: boys: 3.4, girls: 1.4. 

% body fat= 1.35 (sum of triceps + subscapular skinfold) – 

0.012 (sum of triceps + subscapular skinfold)
2
 – constant 

ii) 12-14 years  constant: boys: 4.4,  girls 12-13 years: 2.4. 

% body fat= 1.35 (sum of triceps + subscapular skinfold) – 

0.012 (sum of triceps + subscapular skinfold)
2
 – constant 
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iii) 15-18 years  constant: boys: 5.4,  girls 14-15 years: 3.4. 

% body fat= 1.35 (sum of triceps + subscapular skinfold) – 

0.012 (sum of triceps + subscapular skinfold)
2
 – constant 

Blood pressure 

Blood pressure was measured by connecting subjects to the Finapres (finger arterial pressure) 

apparatus.
14 

  Details of how this procedure was conducted are described elsewhere.
17

 High blood 

pressure was defined according to the definition from the National High Blood Pressure 

Education Programme Working Group on High Blood Pressure in children and adolescents 

(2004)
18

  i.e. an average systolic or diastolic blood pressure that is greater or equal to 95
th

 

percentile for sex, age and height on three or more occasions. 

 

Statistical analysis 

SAS statistical package version 9.0 (2003)
19

 was used for data analysis.  Descriptive statistics 

were computed by gender for age, height, weight, BMI, WC, WHtR, systolic blood pressure 

(SBP), diastolic blood pressure (DBP) and percent body fat (%BF)
20

, expressed as mean and 

standard deviation (SD).  Differences among means were investigated by analysis of variance.  

The ability of WHtR to identify children with high blood pressure was examined. The optimal 

cut-off value was denoted by the value that had the largest sum of sensitivity and specificity.
21

   

The area under the curve (AUC) was calculated using the trapezoidal rule and this quantifies the 

screening performance over different cut-off values.  AUC is used as a measure of the 

performance of a diagnostic test against the ideal and may also be used to compare different 

tests.
22

   AUC ranges on a scale of 0-1, with <0.5 indicating no predictive power and 1 indicating 

perfect power.
23

    Diagnostic accuracy of WHtR to predict high blood pressure was also 

expressed in the following ways: odds ratio and confidence interval, positive predictive value 

(PPV) and negative predictive value (NPV).  The odds ratio compares the probability of a certain 

event for two groups.  The PPV of a test is the probability that a patient has a positive outcome 

given that they have a positive test result. This is in contrast to sensitivity, which is the 

probability that a patient has a positive test result given that they have a positive outcome.   

Similarly, the NPV is the probability that a patient has a negative outcome given that they have a 

negative test result, in contrast to specificity, which is the probability that a patient has a negative 
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test result given that they have a negative outcome.
24

  Partial correlation analysis was used to 

assess the association between the different anthropometric indices and blood pressure followed 

by stepwise linear regression to assess the predictive ability of each measure. 

 

Results 

Descriptive statistics of the children are presented in Table 1.  Girls had statistically significantly 

higher values for all variables except for age, height and WHtR.  Using a WHtR cut-off value of 

0.5, 7.9% of the girls and 3.4% boys were identified as having excess central adiposity.  Overall 

the prevalence of high blood pressure in the children based on the National High Blood Pressure 

Education Programme Working Group on High Blood Pressure in children and adolescents cut-

off points was 13%. The different sensitivity and specificity values to identify children with 

hypertension obtained at different cut-off values for WHtR are shown in Table 2 with values for 

other diagnostic measures.  The optimal WHtR cut-off value with the highest sum of sensitivity 

and specificity values was the same in both boys and girls, namely 0.41.  For this reason 

diagnostic accuracy measures were computed for 0.41 and 0.5 WHtR cut-off values.  The areas 

under the ROC curve for WHtR were 0.62 and 0.55 for boys and girls respectively. 

 

 

Table 1: Mean and standard deviation for the characteristics of the children 

Variable    Boys   Girls   p-value 

Age (years)    12.0(1.7)  12.0(1.7)  0.91 

Height (cm)    147.8(13.0)  148.8(11.1)  <0.001 

Weight (kg)    38.0(11.6)  41.0(11.7)  0.18 

Body mass index (kg/m
2
)  17.0(3.1)  18.2(3.5)  <0.001 

Waist circumference (cm)  60.7(7.4)  61.7(7.8)  0.03 

Waist-height ratio   0.41(0.04)  0.41(0.04)  0.13 

Systolic blood pressure (mmHg) 99.2(14.0)  104.3(14.2)  <0.001 

Diastolic blood pressure (mmHg) 63.8(9.7)  65.5(9.5)  <0.001 

% Body fat    14.4(6.2)  22.8(6.9)  <0.001 
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Table 2: Diagnostic accuracy measures for WHtR as a predictor of blood pressure for boys and 

girls at 0.41 and 0.5 WC cut-off values 

Diagnostic accuracy measures       Waist circumference cut-off values 

      Boys    Girls 

     0.41  0.5     0.41  0.5 

Sensitivity (%)   61.90  4.80  62.0  7.60 

Specificity (%)   53.60  98.60  51.40  93.90 

Positive predictive value  0.53  0.99  0.51  0.97 

Negative predictive value  0.38  0.95  0.39  0.92 

Odds ratio    1.88  3.45  1.63  3.09 

95% Confidence interval     (0.97; 3.67)    (0.61; 19.37)     (0.97; 2.74)     (1.04; 9.20) 

 

 

 

 

 

Table 3: Mean and standard deviation for the characteristics of the Japanese and South African 

children 

           South African     Japanese  

 Variable                    Boys       Girls     Boys       Girls 

Age (years)        12.0(1.7)     12.0(1.7)    10.9(0.5)      10.9(0.5) 

Height (cm)        147.8(13.0)     148.8(11.1)    145.2(7.2)      144.4(6.4)  

Weight (kg)        38.0(11.6)     41.0(11.7)    39.2(8.9)      38.3(7.3)  

Body mass index (kg/m
2
)      17.0(3.1)     18.2(3.5)    18.4(3.0)      18.0(3.2)  

Waist circumference (cm)      60.7(7.4)     61.7(7.8)    61.2(7.9)      58.1(6.4)  

Waist-height ratio       0.41(0.04)     0.41(0.04)    0.43(0.05)      0.40(0.04)  

Systolic blood pressure (mmHg) 99.21(14.0)     104.3(14.2)    113.8(11.2)      99.2(14.0)  

Diastolic blood pressure(mmHg)63.8(9.7)     65.5(9.5)    60.4(7.6)      61.5(7.3)  

% Body fat       14.4(6.2)     22.8(6.9)    20.0(8.0)      24.0(7.0)  
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Table 3 shows the comparison between the South African children in this study with a sample of 

children aged 6-14 years from a Japanese study which was aimed at determining the best 

predictor for the presence of cardiovascular disease risk factors among anthropometric indices.  

The average value of WHtR in these children was between 0.41 and 0.44.  Based on the results 

obtained authors proposed that WHtR could be used for detecting cardiovascular risk in children. 
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Table 4: 2x2 Table for boys at 0.41 and 0.5 waist circumference cut off values.

Non-

hypertensive

Hypertensive

Total

WHtR<

0.41

WHtR>/=

0.41 Total

Non-

hypertensive

Hypertensive

Total

Total
WHtR<

0.5

WHtR>/=

0.5

150

Table 5: 2x2 Table for girls at 0.41 and 0.5 waist circumference cut off values.

Non-

hypertensive

Hypertensive

Total

WHtR<

0.41

WHtR>/=

0.41
Total

Non-

hypertensive

Hypertensive

Total

TotalWHtR<

0.5

WHtR>/=

0.5

148

129 279

16 26 42

276 4 280

40 2 42

316 6 322
166 155 321

144 292

29 46 75

177 190 367

284 8 292

69 6 75

353 14 367

Table 6: Diagnostic accuracy measures for WHtR as a predictor of high blood pressure in boys and girls at 0.41 

and 0.5 WC cut-off values

Diagnostic accuracy 

measures

Waist circumference cut-off values

Boys Girls

0.41 0.5 0.41 0.5

Sensitivity(%)

Specificity(%)

Positive predictive value

Negative predictive value

Odds ratio

95% confidence interval

61.9

53.6

0.53

0.38

1.88

(0.97;3.67)

4.8

98.6

0.99

0.95

3.45

(0.61;19.37)

62.0

51.4

0.51

0.39

1.63

(0.97;2.74)

7.6

93.9

0.97

0.92

3.09

(1.04;9.20)

 

 

 



158 

 

Tables 4 and 5 show different frequencies of children in each category of true positive, false 

positive, false negative and true negatives which were used in the calculation of positive and 

negative predictive values for WHtR as a predictor of high blood pressure.  The results obtained 

for different diagnostic measures are shown in Table 5.  The optimal WHtR cut-off value with 

the highest sum of sensitivity and specificity values was the same in both boys and girls, namely 

0.41. 

  

The correlation coefficients between the various anthropometric indices and blood pressure are 

presented in Table 6 for both boys and girls.  The results show that for boys all anthropometric 

indices were significantly correlated with blood pressure (SBP and DBP) except for WHtR 

which had no significant correlation with DBP.  The strongest correlation was between SBP and 

WC (r=0.163). In girls, none of the anthropometric indices correlated with SBP, while all the 

indices, except for WHtR, correlated significantly with DBP. It should, however, be noted that 

despite the significant correlations, the correlation coefficients were small, ranging from 0.042 to 

0.163. Results of the regression analysis for SBP and DBP as dependent variables are presented 

in Table 7.  These results indicate that in boys age was the best predictor for DBP explaining 1% 

of the variation and BMI explaining 1.4% of the variation in SBP. In girls height and weight 

were the most important predictors for DBP explaining 1.1% and 1.0% of the variance 

respectively.  Waist circumference was the highest predictor of SBP explaining 0.3% of the 

variation.  The percentage of the variance of these measures explained was less than 5% in both 

boys and girls. 
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Table 7: Age adjusted correlation coefficients between blood pressure and anthropometric 

variables. 

         

  Boys 

  

Girls 

 

Systolic blood 

pressure 

Diastolic blood                   

pressure 

Systolic  

blood pressure 

Diastolic blood 

pressure 

Variable r p-value r p-value r p-value r p-value 

Weight 0.135 0.001 0.111 0.009 0.031 0.459 0.146 <0.0001 

Height 0.107 0.012 0.093 0.029 0.011 0.785 0.105 0.011 

BMI 0.114 0.007 0.086 0.043 0.035 0.403 0.123 0.003 

WC 0.163 <0.0001 0.126 0.003 0.050 0.234 0.092 0.028 

WHtR 0.115 0.007 0.082 0.053 0.049 0.236 0.042 0.313 

BMI-Body mass index, WC-Waist circumference, WHtR-Waist-to-height ratio 

r – correlation coefficient, p< 0.05=statistically significant 

 

 

 

 

Table 8: Regression analysis of blood pressure (dependent variable) and anthropometric predictors 

         

  

 

Boys 

 

Girls 

 Systolic blood pressure 

Diastolic blood 

pressure Systolic blood pressure 

Diastolic blood 

pressure 

Variable 

R
2 

change p-value 

R
2 

change p-value 

R
2 

change p-value 

R
2 

change p-value 

Age 0.004 0.147 0.010 0.019 0.001 0.390 0.007 0.040 

Height 0.011 0.012 0.009 0.029 0.000 0.800 0.011 0.011 

Weight 0.007 0.051 0.004 0.135 0.002 0.329 0.010 0.016 

BMI 0.014 0.006 0.001 0.528 0.002 0.350 0.001 0.525 

WC 0.008 0.028 0.003 0.169 0.003 0.222 0.004 0.137 

WHtR 0.000 0.993 0.003 0.224 0.004 0.141 0.002 0.292 
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Discussion 

Based on the sensitivity and specificity results, a WHtR cut-off value of 0.5 for predicting high 

blood pressure risk in children did not prove to be useful, because the sensitivity was low for 

boys and girls, (4.8% and 7.6% respectively).  The most appropriate WHtR cut-off value seems 

to be 0.41 for both boys (61.9% sensitivity and 53.6% specificity) and girls (62% sensitivity and 

51% specificity).  The fact that the optimal WHtR cut-off value for both boys and girls is the 

same concurs with the fact that in adults there is a known advantage to setting up a unisex cut-off 

point when using the WHtR as a predictor of CV disease risk.
7
  Hara et al.

4 
 postulated that since 

WHtR takes into account children‘s height, a single cut-off point can likely be set for the ratio, 

without age and gender difference bias.
4
  The optimal WHtR cut-off value of 0.41 as observed in 

the current study is similar to what was observed for Japanese children.
4
   The reason for this is 

probably because children included in the two studies had similar anthropometric characteristics, 

and in particular they had similar heights and WC for age and sex.   

 

The AUC in the WHtR and blood pressure ROC analyses observed for this study are lower than 

what has previously been documented (0.62 for boys and 0.55 for girls). Freedman and co-

workers,
25

  for example, observed the AUC for WHtR to be 0.87 and 0.82 among white and 

black American children respectively. Genovesi and co-workers also
26

 reported that the ROC 

curves showed a significant ability of WHtR in discriminating hypertensive children in both 

sexes (0.81 for girls and 0.75 for boys) from children with normal blood pressure.  AUC 

provides a measure of discrimination, which is the likelihood that a subject with abnormal 

measurements will have a higher probability to be identified than a subject with normal 

measurements. The values for AUC from the present study indicate poor discrimination, because 

they are close to 0.5 which indicates no discrimination.  Lin et al.
27

 argues that AUCs of 0.6-0.7 

are considered poor and 0.7-0.8 are fair.  The low discriminatory power of WHtR in identifying 

children with high blood pressure, suggests that it is a poor predictor.  This observation could be 

explained in part by the relatively small number of children with high blood pressure (13%).  It 

could be argued that a minimal critical amount of visceral fat should necessarily be present to 

exert its role on hypertension; however, the existence of a minimal visceral fat mass for 

metabolic derangement still needs to be ascertained in children.
28

  As WHtR is a measure of 

central obesity one would have expected different outcomes.  However, the diagnostic quality of 
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WHtR in screening for obesity in children has been previously observed to be poor in 6-12 year 

old children in France.
22

 This might be a possible explanation why WHtR exhibited poor 

diagnostic quality in the current study on children.  Results for odds ratio, PPV and NPV show 

that at WHtR cut-off value of 0.5 proved to be a better predictor for high blood pressure in 

children as shown in Table 2.   The reason for the conflicting results might be due to the fact that 

sensitivity and specificity are characteristics of a test and are not affected by the prevalence of 

the disease.  However, although the PPV and NPV give a direct assessment of the usefulness of a 

test, they are affected by the prevalence of the disease.  Bewick and colleagues (2004) stated that 

‗the decision to use a diagnostic test depends not only on the diagnostic accuracy measures but 

also on the ultimate benefit to the patient. The prevalence of the outcome, which is the pre-test 

probability, must also be known.  Generally, there is a trade-off between sensitivity and 

specificity, and the practitioner must make a decision based on their relative importance‘.
24

 

 

Studies on the correlation of anthropometric indices and high blood pressure are limited and 

comprise of different age groups making comparisons difficult.
26,,27,30

  The current study showed 

statistically significant correlations, although the correlation coefficients were generally low. The 

relatively large sample size (n=1131) could have contributed towards the statistical significance 

of the correlation between anthropometric variables and blood pressure in the study sample. 

Results of the linear regression analysis indicated that WHtR was not a predictor of blood 

pressure in both boys and girls.   BMI was the most important predictor of SBP in boys.  This 

finding is consistent with earlier studies.
28-30

 Previously age has also been observed to be 

associated with DBP.
29

   It should be noted that in all instances the variation in blood pressure 

that was accounted for by anthropometrical variables was less than 5%.  These outcomes confirm 

the earlier observation that the AUC was low indicating poor predictive power by WHtR.  

Several factors might have influenced the strength of the associations and the predictive power 

observed in this study.  These include the relatively low prevalence of both obesity and 

hypertension in this population. Family history of hypertension and socio-economic factors 

contributing to stress, or even dietary factors may be stronger predictors of high blood pressure 

in these children.  Schutte and co-workers
17

 showed in the same sample of children that low 

intakes of biotin, pantothenic acid and zinc, together with added sugar and energy accounted for 
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28.9% of the variance in DBP.  This is an indication that blood pressure in this population is 

significantly associated with dietary risk markers.  

 

A potential limitation of this study is that the sample of children was from only one of the nine 

provinces in South Africa.  However, the children were from both rural, informal settlements and 

urban areas.  This makes it difficult to propose a cut-off of 0.41 for South African children and 

adolescents in general.  Therefore, a nationally representative sample may be required to give a 

more precise cut-off value.  Another limitation might be the fact that blood pressure was 

measured on one occasion even though there were 10 minute intervals between the readings.  In 

establishing the type of hypertension, blood pressure should be measured on three or more 

separate occasions.
26

  However, the procedure adopted in this study (vascular unloading 

technique of Penaz together with Physical criteria of Wesseling) provides reliable, non-invasive 

and continuous estimates of blood pressure.
16

  The stage of high blood pressure was not 

characterised in this study and the question is whether the stage of hypertension contributes to 

the low predictive value obtained from ROC analyses.  Elevated blood pressure may be a sign of 

underlying disease or it may represent early onset of essential hypertension if, however, the 

outcomes of the test are unrelated to disease status then the test characteristics can be safely 

estimated.
21

 

 

In conclusion, results of the present study indicate that WHtR has poor predictive value of high 

blood pressure in 9-15 year old South African children and adopting a WHtR cut-off value lower 

than 0.5 for South African children may enhance sensitivity in identifying children at risk for 

hypertension.  However, a nationally representative cohort study may be needed to confirm the 

optimal cut-off value for more accurate prediction of the presence of hypertension in order to 

identify high risk children targeted for interventions. 
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Children grow, horses race: Is the adiposity rebound a critical period for later obesity? 

(Cole, 2004) 
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6.0 General summary, conclusions & recommendations  

6.1 Introduction 

6.2 Summary, conclusions and recommendations 

6.3 Novel(unique)  findings of this study 

6.4 Summary of research line of thinking 

6.5 References 

______________________________________________________________________________ 

6.1 Introduction 

The importance of measuring body composition has increased due to the need to assess changes 

in nutritional status, which can affect body reserves differentially.  Furthermore, the worldwide 

epidemic of obesity and its association with chronic disease has contributed to the need to study 

body composition.  The increasing prevalence of childhood overweight and obesity has become a 

growing concern for public health, as nearly one-third of overweight children grow up to become 

overweight or obese as adults (Whitaker et al., 1997) with increased risk of chronic diseases 

(Goran, 2001) such as diabetes, cardiovascular disease, hypertension, and cancer (Mokdad et al., 

2003), elevated health care costs, and reduced quality of life (Calle et al., 2004).  Obesity is a 

complex condition with serious social and psychological dimensions affecting virtually all ages 

and socio-economic groups (WHO, 2010). While genes are important in determining a person's 

susceptibility to weight gain, energy balance is determined by calorie intake, physical activity 

and other factors.  The rising epidemic reflects the profound changes in society and in 

behavioural patterns of populations over recent decades.  Economic growth, modernization, 

urbanization and globalization of food markets are just some of the forces thought to underlie the 

epidemic; these changes in society and the worldwide nutrition transition are driving the obesity 

epidemic (WHO, 2010).  Independent of total adiposity an upper body distribution of fat is 

associated with poor health and plays an important role in the pathogenesis of metabolic 

syndrome (Hamdy et al., 2006). 

 

Waist circumference (WC) is positively correlated with abdominal fat and is an independent 

indicator of health risk associated with abdominal obesity (Brenner et al., 2010); hence its 
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measurement provides a simple and practical method for estimating abdominal fat.  Therefore, 

the focus of this thesis was to examine WC distribution patterns of black South African children 

in relation to health risk.  In particular, this study examined the sensitivity of waist-to-height 

ratio (WHtR) in predicting high blood pressure in black South African (SA) children.  Cut-off 

values of WHtR for the reliable prediction of high blood pressure in children from different 

populations have been published (Ashwell et al., 1996, Hara et al., 2005) but to date none of 

these has been validated for use in South African children.  It is important to note that the risk for 

an individual will be influenced by a unique combination of factors which must be considered in 

addition to BMI and/or WC (NIH, 1998).   

 

Research has suggested that undernutrition in early life may play a role in promoting obesity 

later in life. In particular, studies on 3 continents showed that nutritional stunting, which is 

usually caused by chronic undernutrition (Waterlow, 1992) was positively associated with adult 

fatness (Sawaya et al., 1995).  However, little is known about potential underlying mechanisms, 

and as part of this thesis an investigation of whether increased total and central adiposity is found 

in stunted children from rural communities in SA was conducted.  This was done in order to 

elucidate whether the high rates of stunting prevalent in South Africa are possibly contributing to 

the increase in obesity.  

 

Thirdly the WC percentile distribution of black South African children from different 

populations was described and compared to African-American data.  Population studies used to 

develop WC percentiles and cut-off points have been derived from predominantly Caucasian 

populations in the USA and Europe (Conen et al., 2004). There is evidence that certain ethnic or 

racial groups may differ from Caucasians in their body fat levels and fat distribution patterns, 

and in their degree of health risk (Deurenberg et al., 1998, He et al., 2001).  While international 

cut-off points may be useful for the identification of children at risk of obesity related health 

complications, they may not be appropriate for use in population specific screening programmes 

(Deurenberg et al., 2001).  Exporting cut-off points purely based on industrialized countries' 

settings, to developing countries, ignores the fact that the growth patterns of children and 

burdens of disease vary widely between these countries.  It would be useful to have an 

international reference because this would make it possible to conduct comparative studies on 

http://www.hc-sc.gc.ca/fn-an/nutrition/weights-poids/guide-ld-adult/weight_book-livres_des_poids-07-eng.php#ref40
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the obesity situation in different countries. However, if the aim is to detect the prevalence of 

excess body fat in a country, for the purposes of applying this in public health programmes, 

national reference values are more appropriate because they reproduce the variability within the 

population that is to be evaluated (Vitolo et al., 2007).  It is, therefore, necessary to develop and 

or redefine appropriate cut-off points which are country and ethnic-specific taking into account 

the significance of local factors contributing to the development of obesity in specific 

populations.  Miranda and Zaman (2010) argue that applying research results from the rich world 

to the problems of the poor may be a tempting, potentially easy and a convenient solution, but 

such an approach runs the risk of exporting failure.  

 

6.2 Summary, conclusions and recommendations 

 

Chapter 2 of this thesis reviews the literature on fat distribution in children and its health 

implications.  A mounting volume of research indicates that central distribution of body fat is 

associated with a higher risk of morbidity and mortality than a more peripheral distribution.  It is, 

therefore, imperative to assess children who are overweight or obese, not only to determine the 

extent of adiposity, but also for the body fat distribution and the presence of co-morbid factors 

(Ofei, 2005).   

 

In Chapter 3 the findings indicate that despite data from a number of studies providing evidence 

that children who are growth retarded at birth have an increased risk of becoming obese in later 

life (Barker et al., 1997; Whitaker et al., 1998; Ong et al., 2000), this association was not 

observed in children 6-15 years old.  Hence the hypothesis that stunting influences obesity is 

accepted for WHtR as results indicate a higher WHtR for stunted children, but rejected for WC 

as results did not show increased WC in stunted children. The risk of becoming obese due to 

stunting, which implies foetal programming of adult obesity, is particularly likely to occur when 

a low body weight at birth from intrauterine growth retardation (IUGR) is over-compensated for 

by a catch-up growth in later life, and when this adiposity rebound occurs early in childhood 

(Barker et al., 1997).  Traditional explanations for increased risk of overweight were reduced 

physical activity levels and an increase in fat intake, however, increasingly the role of chronic 
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undernutrition in early life is being recognized (El-Taguri et al., 2009).  In this population this 

association needs to be investigated further in older children. 

 

Chapter 4 described the distribution of WC in black South African children from different 

populations. During childhood, body composition undergoes dynamic changes that makes it 

necessary to have a range of cut-off values, like those of body mass index (BMI) or WC, unlike 

the absolute cut-off values as applied to adults (Guntsche et al., 2010).  To overcome this 

problem the use of standard deviation scores (SDS) and percentiles is recommended (Hirschler et 

al., 2007).  Obtaining a reference percentile table demands the assessment of a large number of 

healthy children, and strictly speaking the results apply only to the population under study, 

making comparisons among different populations difficult.  This study demonstrated differences 

in the WC distribution of children from different geographic locations and from those of African-

American children.  Nonetheless, the present study cannot be extrapolated to the whole 

population of black South African children, since this analysis was performed on non 

representative samples.  The results show that South African children had consistently smaller 

WC than African-American children.  South Africa, as a multicultural society, will need to 

develop nationally representative WC curves to describe the distribution of WC in children.  

These curves will be useful in the development of cut-off values for abdominal obesity which 

could be implemented in identification of children as an important pre-requisite of the 

implementation of interventions to prevent long term obesity outcomes.  Furthermore, these 

distributions can be used as base curves that can be applied in analyzing trends in future.  

 

In Chapter 5 the diagnostic accuracy of WHtR in identifying children with high blood pressure is 

investigated.  The WHtR in children seems to be more closely related to paediatric 

cardiovascular disease risk than uncorrected waist alone.  However, some authors prefer to use 

the measure of WC without correcting it for height (Sung et al., 2008). Despite all this, a cut-off 

value of WHtR for the reliable prediction of high blood pressure in children is still lacking.  The 

findings of this research indicated that a cut-off value less than the recommended 0.5 had a 

higher sensitivity; therefore, the hypothesis that the cut-off point of 0.5 is sensitive enough to 

identify South African children with high blood pressure is rejected.  High sensitivity is 

necessary to avoid failure of identifying abdominally obese children and high specificity of the 
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screening tool ensures that non-obese children are not misclassified as obese.  Therefore, it is 

crucial that further research should be conducted to dispute or verify this finding if it is to be 

adopted for use in paediatric practice particularly in black South African children.   

 

6.3 Novel (unique) findings of this research 

The proposed mechanism on how stunting influences later body composition is still unclear, but 

apparently the influence occurs at different time points for different populations (Darnton-Hill et 

al., 2004).  It may well be that stunted children are programmed to accumulate greater body fat at 

central sites during adolescence and that the differences between stunted and non-stunted 

children only appear at an older age or adulthood.  We have been unable to show, however, that 

these changes are evident in the age groups studied, therefore, it might be worthwhile to further 

investigate the age range at which particular populations develop obesity as a result from being 

stunted earlier in life.  Research has not fully demonstrated an altered body composition in South 

African children and this research has contributed to an existing body of information that is 

needed to establish whether stunted children become obese later in life in the African context. 

 

In the current study, gender and age-specific WC percentiles for black South African children 

were described for the first time and compared with those of African-American children.  These 

percentile curves provide a starting point that can be applied in analysing trends as well as 

making comparisons with results of similar studies performed in other countries and can serve as 

a baseline against which future data can be compared.  WC is advocated as an indicator for 

central obesity because it is a good predictor of abdominal fat and is more closely related to the 

development of cardiovascular disease and type 2 diabetes (Cameron et al., 2009).  Age and sex 

specific WC percentiles have been reported for children of different countries and differences 

have been observed in different populations (Liu et al., 2010).  The results indicate clearly that 

the median WC of children from SA studies is smaller than those of A-A children, it is therefore 

important to describe the WC distribution so that cut-off points for defining central obesity can 

be established for this target population. 

 

The study is one of the few to report that a WHtR cut-off of 0.5 may not be appropriate for 

identifying South African children at risk of high blood pressure.  Similar to many other 
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developing countries, the epidemiologic transition along with rapid lifestyle changes make South 

African children prone to cardiovascular risk factors such as high blood pressure and as a result, 

to chronic diseases later in life.  Despite all this, a cut-off value of WHtR for the reliable 

prediction of high blood pressure in children is still lacking and greater efforts are needed to 

assess the use of international cut-off points in identifying children and adolescents with high 

blood pressure.  To our knowledge most of international cut-off points have not been assessed 

for their accuracy in screening populations in developing countries.  

 

In summary, from observations in this research it seems that adopting results from the modern 

world to developing countries may not be appropriate.  The foremost important issue in 

establishing population specific reference values is to ensure that the values are truly 

representative of the population from which they are obtained (Solberg et al., 1993).  This means 

that it is essential that context-appropriate health research and health interventions take place in 

developing countries in order to generate knowledge that is relevant and applicable to local 

settings.  A clear knowledge of the present situation helps to guide future planning.  There are 

limitations when it comes to conducting research in the developing world in order to generate 

information that can be useful, within the different prevailing circumstances.  Withstanding the 

use of foreign references may also pose problems, therefore, caution should always be taken 

when screening for disease risk.  In the absence of locally available data it may seem appropriate 

to use foreign reference standards but efforts should be made to explore possible collaborative 

work in order to generate local data.  An example of such a study is the INTERHEART: A 

Global Case-Control Study of Risk Factors for Acute Myocardial Infarction (Yusuf, et al., 2004). 

The study involved 15,000 patients with a first acute myocardial infarction (AMI) and 15,000 

asymptomatic control subjects (age and sex matched) drawn from 262 centers in 52 countries 

throughout Asia, Europe, the Middle East, Africa, Australia, and North and South America.  The 

aim of this study was to determine the associations between a wide array of risk factors within 

populations defined by ethnicity and/or geographic region, and to assess the relative importance 

of these risk factors across these populations.  The investigators hypothesized that the relative 

impact of conventional risk factors (smoking, hypertension, elevated cholesterol, and diabetes) 

and emerging risk factors (glucose abnormalities, abdominal obesity, homocysteine, and other 
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nutritional and psychosocial factors) for cardiovascular disease differ between people of varying 

ethnic and geographic origin.   

 

The inappropriateness of foreign cut-off points based on reference data cannot be ignored, 

because reference data represents the current situation in a particular country and cannot be 

regarded as standards to indicate disease risk (Baya Botti et al., 2010).  Local data are important 

because they take into account prevailing condition of particular locations.  These factors in most 

instances have major influences in the growth of children.  At this point in time, in the absence of 

locally developed cut-off values for different risk markers warrants research because the 

associations between being overweight and obese with disease outcomes cannot be overlooked.  

It is fundamental to detect risk at an early stage so that appropriate intervention can be initiated 

timeously. In view of the above it is recommended that efforts should be directed towards 

collaborative efforts for multinational studies to generate standard cut-off points to indicate 

disease risk in children.  Standards reflect a ‗normal‘ body composition with low risk for disease, 

which is distinct from references, a description of body composition of a particular population, 

including unhealthy underweight or overweight individuals (Baya Botti et al., 2010). This will 

not only produce relevant research outputs but will enable the pooling of resources to strengthen 

research initiatives.  Governments should also be committed to support research.  Without such a 

national commitment and effective new approaches to making the environment more favourable 

to maintaining healthy weight, the current trends will not be reversed.  It is, therefore, imperative 

to screen and identify children with abdominal obesity early to prevent the growing public health 

problem of childhood obesity in the subpopulation. 
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6.4 Summary of research findings
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ADDENDUM 1: Reviewer‘s comments on the article: Sensitivity of waist-to-height ratio in 

identifying children with high blood pressure. 

 

Reviewer #2: The article is well-written, lucid and logical.  However, the conclusion does not 

corroborate entirely with the abstract.  I would suggest that the abstract also alludes to the 

inconclusive value of the WHtR as a marker as is mentioned in the conclusion.  By mentioning 

the weaknesses of the article, the authors allow for a balanced view of their data.  Perhaps one 

could investigate the relation of WHtR with other risk factors, e.g. blood lipid profiles?  This 

article should stimulate discussion in the quest for determining ethnic specific cut-off values and 

guidelines for management of cardiovascular risk in children, and therefore has value. 

 

Reviewer #3: 

The only information that is of note is the use of WHtR for the purpose of predicting 

hypertension, though similar results were found in Japanese, as reported by Hara, et al. (2002) 

 

The manuscript in its current format is not suitable for publication as full paper as the scientific 

evidence lacks depth and is not novel.  In order to contribute to cumulative evidence, please 

consider presenting the findings around the 2x2 table, WHtR (cut-off 0.41) versus hypertension 

(National High Blood Pressure Education Program Working Group on High Blood Pressure in 

Children and Adolescents cut-off points), giving frequencies, diagnostic statistics (Sensitivity, 

specificity, PPV, NPV), odds ratio and its 95% confidence interval, and a short comparison with 

the Japanese study in a letter to the Journal. 
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ADDENDUM 2: Letter on the sensitivity of waist-to-height ratio in identifying children with 

high blood pressure submitted for publication to the Cardiovascular Journal of Africa. 

 

The sensitivity of waist-to-height ratio in identifying children with high blood pressure. 
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Studies in both adults
1-2

 and children
3-5 

have suggested that waist-to-height ratio (WHtR) is more 

strongly associated with cardiovascular (CV) risk factors than body mass index (BMI). Several 

clinically relevant properties of the waist-to-height ratio have been pointed out, including its 

sensitivity as an early warning of health risk and its simplicity for calculation. Also, it has been 

suggested that the same cut-off value may be used for both genders
6
, hence it has been proposed 

as an alternative measure for assessing central fatness in children on the basis that it is relatively 

age-independent and that in normalizing for growth it might preclude the need for age-related 

reference charts
3-4, 7

.  This index, however, is yet to be validated within the paediatric 

population
8
.   Previously Ashwell and colleagues (1996)

9
 proposed an age-independent universal 

cut-off value of 0.5 for predicting CV risk; however this value is yet to be tested to predict CV 

risk in children  (Sung et al 2008)
10

.  This study was aimed at assessing the diagnostic accuracy 

of WHtR as a marker for future cardiovascular events like high blood pressure in South African 

children and whether WHtR could be used as a marker for high blood pressure. 

 

The study population consisted of 919 black South African children aged 6 to 15 years drawn 

from the THUSA BANA (Transition and health during urbanisation of South Africans; BANA-

children) study conducted between May 2000 to June 2001.    All anthropometric measurements 

were taken according to standard methods
11

 by qualified anthropometrists using calibrated 

apparatus.  Weight was measured to the nearest 0.1kg on a calibrated electronic scale (Precision 

Health Scale) and height was measured to the nearest 0.1cm with a stadiometer calibrated using a 

steel measuring tape.  Waist circumference (WC) was measured half way between the superior 

ridge of the ileum and the lower border of the lowest floating rib with a flexible Lufkin 

anthropometric steel tape to the nearest 0.1 cm
12

.  BMI was calculated by weight divided by 

height (m)
2
 and waist-to-height ratio was derived by dividing waist circumference (cm) by height 

(cm).  The triceps and subscapular skinfolds were measured on the left side following standard 

techniques
13

 (Lohman, 1988), and were used to calculate percent body fat using Boileau et al., 

(1985)
14

 formulas that follow: 

 

i) 6-11 years  constant: boys: 3.4, girls: 1.4. 

% body fat= 1.35 (sum of triceps + subscapular skinfold) – 

0.012 (sum of triceps + subscapular skinfold)
2
 – constant 
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ii) 12-14 years  constant: boys: 4.4,  girls 12-13 years: 2.4. 

% body fat= 1.35 (sum of triceps + subscapular skinfold) – 

0.012 (sum of triceps + subscapular skinfold)
2
 – constant 

 

iii) 15-18 years  constant: boys: 5.4,  girls 14-15 years: 3.4. 

% body fat= 1.35 (sum of triceps + subscapular skinfold) – 

0.012 (sum of triceps + subscapular skinfold)
 2

 – constant 

 

Blood pressure was taken by connecting subjects to the Finapres (finger arterial pressure) 

apparatus
15

.  Details of how this procedure was conducted are described elsewhere
16

. High blood 

pressure was defined according to the definition from the National High Blood Pressure 

Education Program Working Group on High Blood Pressure in children and adolescents 

(2004)
17

, i.e. an average systolic or diastolic blood pressure that is greater or equal to 95
th

 

percentile for sex, age and height. 

SAS statistical package version 9.0 (2003)
18

 was used for data analysis.  Descriptive statistics 

were computed by gender for age, height, weight, BMI, WC, WHtR, systolic blood pressure 

(SBP), diastolic blood pressure (DBP) and percent body fat(%BF), expressed as mean and 

standard deviation(SD).  Differences among means were investigated by analysis of variance.  

Diagnostic accuracy of WHtR to predict high blood pressure was expressed in the following 

ways: sensitivity and specificity, odds ratio and confidence interval, positive predictive value 

(PPV) and negative predictive value (NPV).   Sensitivity measures the proportion of actual 

positives which are correctly identified as such and specificity measures the proportion of 

negatives which are correctly identified.  The optimal cut-off value was denoted by the value that 

had the largest overlap of sensitivity and specificity
19

.  The odds ratio compares the probability 

of a certain event for two groups.    The PPV of a test is the probability that a patient has a 

positive outcome given that they have a positive test result. This is in contrast to sensitivity, 

which is the probability that a patient has a positive test result given that they have a positive 

outcome.   Similarly, the NPV is the probability that a patient has a negative outcome given that 

they have a negative test result, in contrast to specificity, which is the probability that a patient 

has a negative test result given that they have a negative outcome
20

.   



184 

 

Characteristics of the children are presented in Table 1.  Girls had statistically significantly 

greater values for all variables except for age, height and WHtR.  The prevalence of abdominal 

adiposity using a WHtR cut-off value of 0.5 identified 7.9% of the girls and 3.4% boys as having 

excess central adiposity.  Overall the prevalence of hypertension in these children was 13%.  

 

Table 1: Mean and standard deviation for the characteristics of the children 

 

Variable    Boys   Girls   p-value 

Age (years)    12(1.7)   12(1.7)   0.91 

Height (cm)    147.8(13.0)  148.8(11.1)  <0.00 

Weight (kg)    38.0(11.6)  41.0(11.7)  0.18 

Body mass index (kg/m
2
)  17.0(3.1)  18.2(3.5)  <0.00 

Waist circumference (cm)  60.7(7.4)  61.7(7.8)  0.03 

Waist-height ratio   0.41(0.04)  0.41(0.04)  0.13 

Systolic blood pressure (mmHg) 99.21(14.0)  104.3(14.2)  <0.00 

Diastolic blood pressure (mmHg) 63.8(9.7)  65.5(9.5)  <0.00 

% Body fat    14.4(6.2)  22.8(6.9)  <0.00 
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Table 2: Mean and standard deviation for the characteristics of the Japanese and South African 

children 

                       South African         Japanese  

Variable        Boys   Girls  Boys  Girls 

Age (years)        12.0(1.7)   12.0(1.7) 10.9(0.5) 10.9(0.5) 

Height (cm)        147.8(13.0)   148.8(11.1) 145.2(7.2) 144.4(6.4)  

Weight (kg)       38.0(11.6)   41.0(11.7) 39.2(8.9) 38.3(7.3)  

Body mass index (kg/m
2
)     17.0(3.1)   18.2(3.5) 18.4(3.0) 18.0(3.2)  

Waist circumference (cm)     60.7(7.4)   61.7(7.8) 61.2(7.9) 58.1(6.4)  

Waist-height ratio      0.41(0.04)   0.41(0.04) 0.43(0.05) 0.40(0.04)  

Systolic blood pressure (mmHg) 99.21(14.0)  104.3(14.2) 113.8(11.2) 99.2(14.0)  

Diastolic blood pressure (mmHg) 63.8(9.7)   65.5(9.5) 60.4(7.6) 61.5(7.3)  

% Body fat        14.4(6.2)   22.8(6.9) 20.0(8.0) 24.0(7.0)  

 

Table 2 shows the comparison between the South African children in this study with a sample of 

children aged 6-14 years from a Japanese study which was aimed at determining the best 

predictor for the presence of cardiovascular disease risk factors among anthropometric indices.  

The average value of WHtR in these children was between 0.41 and 0.44.  Based on the results 

obtained authors proposed that WHtR could be used for detecting cardiovascular risk in children. 
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WHtR</= 

0.41

WHtR >/= 

0.41

150 129

16 26

279

42

321155166

Table 3: 2x2 Table for boys at 0.41  and 0.5 waist circumference cut-off values. 

WHtR </= 

0.41

WHtR>/= 

0.41

148 144

29 46

292

75

367190177

Table 4: 2x2 Table for girls at 0.41  and 0.5 waist circumference cut-off values. 

WHtR</= 

0.5

WHtR >/

= 0.5

276 4

40 2

280

42

3226316

WHtR</= 

0.5

WHtR >/

= 0.5

284 8

69 6

292

75

36714353

Non-

hypertensive

Hypertensive

Non-

hypertensive

Hypertensive

Non-

hypertensive

Hypertensive

Non-

hypertensive

Hypertensive

Total

Total

Total

Total

Total

Total

Total

Total
 

 

Tables 3 and 4 show different frequencies of children in each category of true positive, false 

positive, false negative and true negatives which were used in the calculation of positive and 

negative predictive values for WHtR as a predictor of high blood pressure.  The results obtained 

for different diagnostic measures are shown in Table 5.  The optimal WHtR cut-off value with 

the highest sum of sensitivity and specificity values were the same in both boys and girls, namely 

0.41.  For this reason diagnostic accuracy measures were computed for 0.41 and 0.5 WHtR cut-

off values.   
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Table 5: Diagnostic accuracy measures for WHtR as a predictor of blood pressure for boys and 

girls at 0.41 and 1.5 WC cut-off values. 

Diagnostic accuracy measures       Waist circumference cut-off values 

      Boys    Girls 

     0.41  0.5     0.41  0.5 

Sensitivity (%)   61.9  4.80  62.0  7.60 

Specificity (%)   53.6  98.6  51.4  93.9 

Positive predictive value  0.53  0.99  0.51  0.97 

Negative predictive value  0.38  0.95  0.39  0.92 

Odds ratio    1.88  3.45  1.63  3.09 

95% Confidence interval (0.97; 3.67) (0.61; 19.37) (0.97; 2.74) (1.04; 9.20) 

 

The level of sensitivity of a WHtR cut-off point of 0.5 was very low for both boys and girls 

(4.8% and 7.6% respectively).  The cut-off value of 0.41 which corresponds to a sensitivity of 

61.9% and a specificity of 53.6% in boys seems to be the most appropriate and the same cut-off 

value was found for girls, but with a sensitivity of 62% and a specificity of 51%.  The fact that 

the cut-off value obtained for both boys and girls is the same concurs with the fact that in adults, 

there is a known advantage to setting up a unisex cut-off point when using the WHtR as a 

predictor of cardiovascular disease risk
9
.  Hara et al (2002) postulated that since WHtR takes into 

account children‘s height, a single cut-off point can likely be set for the ratio, without age and 

gender difference bias
4
.  The observed cut-off value of 0.41 for WHtR from the current study is 

similar to what was observed for Japanese children
4
.  It is possible that this is probably because 

children included in the two studies had similar anthropometric characteristics, and in particular 

they were more or less the same height and WC (table 2).  On the contrary results for odds ratio, 

PPV and PPV show that at WHtR cut-off value of 0.5 proved to be a better predictor for high 

blood pressure in children as shown on table 5.   The reason for the conflicting results might be 

due to the fact that sensitivity and specificity are characteristics of a test and are not affected by 

the prevalence of the disease.  However, although the PPV and NPV give a direct assessment of 

the usefulness of a test, they are affected by the prevalence of the disease.  Bewick and 

colleagues (2004) stated that, ‗the decision to use a diagnostic test depends not only on the 

diagnostic accuracy measures but also on the ultimate benefit to the patient. The prevalence of 
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the outcome, which is the pre-test probability, must also be known.  Generally, there is a trade-

off between sensitivity and specificity, and the practitioner must make a decision based on their 

relative importance‘. 

 

One potential limitation of our study is that the sample of children was from only one out of nine 

provinces in South Africa.    Although the children in this study were from both rural, informal 

settlements and urban areas the distribution was not even.   This makes it difficult to suggest the 

0.41 cut-off for South African children and adolescents in general.  Therefore a nationally 

representative sample is required to give a more valid cut-off value.  Another limitation might be 

the fact that blood pressure was measured on one occasion even though there were 10 minute 

intervals between the readings.  In establishing the type of hypertension blood pressure should be 

measured on three or more separate occasions
15

.  However the procedure adopted in this study 

(vascular unloading technique of Penaz together with Physical criteria of Wesseling) provides 

reliable, non-evasive and continuous estimates of blood pressure
16

.  In conclusion results of the 

present study indicate that adopting a WHtR cut-off value lower than 0.5 for South African 

children may enhance sensitivity in identifying children at risk for hypertension.  However, a 

nationally representative cohort study is needed to confirm or determine a precise cut-off value 

for accurate prediction of the presence of hypertension.  It is important to establish the diagnostic 

accuracy of WHtR and hence justify its use in the paediatric population for predicting high blood 

pressure.     Identification of children with high blood pressure is important in controlling the 

impact of the condition because it allows for the diagnosis and counselling of persons and 

facilitates the implementation of both treatment and management strategies.   
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ADDENDUM  3: PROPOSAL FOR FUNDING OF NEW DATA COLLECTED FOR THIS 
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______________________________________________________________________________ 

Abstract 

 

Aim: To develop age and sex specific reference values for waist circumference of black children 

aged 7-15 using data from four provinces representing all socio-economic groups in South 

Africa. 

Methods: To pool available data and collect new data in order to describe the waist 

circumference distribution of black South African children by generating percentile curves. 

Subjects: Black children aged 7-15 years old selected randomly from a combination of 

convenience samples, from schools in the North West province, Free State, Limpopo province, 

Kwazulu-Natal and Northern Cape.  The planned sample size will be approximately 4000. 

Results: Smoothed 5
th

, 10
th

, 25
th

, 75
th

, 90
th

 and 95
th

 waist circumference percentiles derived from 

least median of squares (LMS) regression. 

Conclusions: These reference data can be used to identify children with an elevated risk of 

developing obesity related disorders and can serve as a baseline for future studies of temporal 

trends on waist circumference. 

______________________________________________________________________________ 

Background for proposed project 

Over the past decades the whole world has been in transition, effectively the world has and is 

still undergoing profound socio-cultural, economic, environmental changes which are resulting 

in changes in the health status of populations.  A sedentary lifestyle, the switch to a cash based 

economy, the modernization of living conditions and increasing availability and accessibility of 

goods and foodstuffs have contributed to this change of health status (Rochette et al, 2007).  One 

of the consequences of the changes in the health status is the increase in the prevalence of 

obesity even in the developing world where malnutrition is still a problem.  The most common 

outcome of chronic malnutrition is reduced growth in children and this has been associated with 

impaired fat oxidation, a factor that predicts obesity in populations (Hoffman, 2007).  The 

current situation in most developing countries is the coexistence of under and over nutrition 

(WHO, 2004).  This calls for the development and implementation of health programs and 

services that that will address both these nutritional problems.  Several governments have 

invested in health programs aimed at mitigating and or controlling the consequences of this 
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phenomenon.  The development of effective health prevention and promotion programs requires 

adequate data on populations to guide development and implementation. 

 

According to the World Health Organization (WHO, 1983, 1986) growth status of children is the 

best indicator of overall health and nutritional status in a community, especially in the 

developing areas of the world.  This has led to many countries focusing their studies on physical 

growth in children, particularly on weight and height to establish the prevalence of malnutrition.  

Body fat distribution in children has been least studied, however evidence is mounting which 

highlights the importance of central fat deposition as indicated by waist circumference as 

conveying a high risk of metabolic complications later in life (Lemieux et al, 2007).  To date 

there are no global standards for waist circumference for the youth.  Percentile curves have been 

developed by a few developed countries such as UK, USA, Canada and Australia and these have 

shown that the cut-off values differ between genders, ethnic groups and countries (Kelishadi, 

2006).   

 

Like most countries the South African government has a desire to improve the health status of its 

people.  In order to achieve this adequate baseline data on the health and well-being of the 

population is a necessity.  Continuous monitoring of the health and nutrition profile is also 

needed to provide information on how health indicators vary over distance and time, and detect 

emerging problems to guide programs and services to meet the health needs of the population.  

No nationally representative data on waist circumference are available for South African 

children.  Therefore this study is aimed at pooling available and collecting new data and using it 

to describe the distribution of waist circumference by generating waist circumference percentile 

curves for South African children.  Health professionals could use these curves to identify 

children who might be at risk of developing metabolic complications later in life and therefore 

intervene on time.  Detection of individuals at high risk during childhood may help to establish 

healthy lifestyles and prevent the development of obesity before critical periods, e.g. the 

adiposity rebound and adolescent periods (Dietz, 1994). 

Project objectives 

 To explore existing data of waist circumference of South African children to 

compare percentile cut-off points with international data sets. 
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 To collect additional anthropometric data and add it to already available data and 

use it to describe waist circumference distribution of South African children. 

 To establish waist circumference percentiles for South African children, with the 

aim to recommend a cut-off point for boys and girls respectively for identifying 

risk for non-communicable diseases. 

 

Methodology 

 

Existing data sets to be used 

The THUSABANA study has data available on nine hundred and sixty (n=960) black children 

from the North-West province. Additional data are available from Limpopo province (n=918), 

which were collected by Dr K. D. Monyeki for his Masters thesis, as well as from the Free State 

(n= 415). Pre-tested questionnaires were used to interview the children regarding the socio-

demographic information, including child‘s age, type of dwelling, toilet and cooking facilities 

available in the household.   

 

Additional data to be collected 

A representative sample of black children aged 7-15 years will be recruited for this study.  

Subjects will be randomly selected using the school class lists from schools in KwaZulu-Natal 

and Northern Cape. Permission to undertake the study has been obtained from the Department of 

Education and the North-West University ethics committee.  Written parental consent and assent 

from the children will be obtained for subjects randomly selected for the study from class lists.   

 

In KwaZulu-Natal four schools were approached to participate.  The number of subjects selected 

from each class was proportional to the size of the class.  The following numbers of children 

participated from the following schools:   

Delani     233 

KwaCuthshwayo   221 

Chief Lokothwayo   249 

Bhekokuhle    317 
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This gave us a total of 1019 children from KwaZulu-Natal primary schools with complete 

information. Socio demographic data were collected by trained fieldworkers using a brief 

questionnaire. 

 

Four schools will be selected in the Northern Cape and from each school a total of one hundred 

and fifty (n=150) children will be selected randomly.  This will give a total of six hundred 

children (n=600).   

 

Anthropometry is the measurement of body size, weight and proportions (Lee & Nieman, 2003).  

Simple anthropometric measurements and indices such as weight, height, triceps skinfold 

thickness and waist circumference remain the most commonly used tools for assessing body 

composition because of their simplicity and low cost (De Onis et al, 1996) For this study 

anthropometric measures include the following: 

 

Height 

Height is measured on a floor standing stadiometer fitted with a head board to the nearest 0.1cm.  

The subject stands barefoot on the base of the stadiometer and wearing light clothing, with heels 

together, head positioned such that the line of vision is perpendicular to the body and arms 

hanging freely by the sides.  The movable headboard is brought onto the topmost point of the 

head with sufficient pressure to compress hair and the reading is taken to the nearest 0.1cm 

(Lohmann et al, 1991). 

 

Body weight 

Body weight is measured without shoes and with light clothing to the nearest 0.1kg on a digital 

scale.  

 

Waist circumference 

Waist circumference is a perimeter, which provides an estimate of body girth at the level of the 

abdomen.  Large waist circumference reflects high total body fatness and has also been 

recognized as a good measure of abdominal fat, particularly the most metabolically active intra-

abdominal fat in both adults (Seidell et al, 1988) and children (Fox et al, 1993).  It will be 
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measured by a non-elastic steel tape (Lufkin) midway between the lowest rib and the iliac crest 

with the subject in a standing position, both feet touching and arms hanging freely( Moreno et al, 

2002).  The examiner will sit by the side of the subject and fit the tape snugly but not so tightly 

as to compress the underlying soft tissue.  The circumference is measured to the nearest 0.1cm at 

the end on normal expiration (Lohmann et al, 1991). It will be measured two times, or three 

times if the first two measurements differ by more than 1cm and the mean of the closest two 

measurements will be used in the analysis. 

 

Infrastructure available for the study 

The Center of Excellence for Nutrition Research of the North West University-Potchefstroom 

Campus has been involved in nutrition research for many years.  The center has adequate 

equipment for conducting anthropometric measurements.    All staff who will be taking the 

measurements had extensive experience in this field.   

 

Literature review 

Waist circumference as a measure of obesity may be of particular significance given the 

association between abdominal girth in adults and cardiovascular morbidity (Rudolf et al, 2004).  

Recent studies in adults have indicated that measuring waist circumference seems to be the 

simplest way to estimate obesity and the risk of cardiovascular disease and in children similar 

evidence is emerging (Zanolli et al, 1996, Hirshler et al, 2005).  It has been shown that increased 

mortality risk related to excess body fat is mainly because of abdominal adiposity (Li et al, 

2006).  Excess accumulation of abdominal fat has emerged as an important predictor of 

metabolic complications and adverse health outcomes.  The increasing number of people with 

obesity and the serious health risks that come with it make understanding its causes and 

treatment crucial.  

 

Increased adiposity may be accompanied by an increase of fat deposition in the abdominal 

region. In obese children and adolescents, fat deposition seems to occur in the body's central 

regions (Moreno et al, 1998).  In developing countries stunting, which is an outcome of chronic 

under nutrition, is still a public health problem.  However, it has been linked to central fat 

deposition in children (Hoffman, 2004).  It is possible that linkages between stunting and obesity 
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are biological in origin (Popkin et al, 1996).  Possible mechanisms for this relationship have 

been described in the literature.  Hoffman (2007) described two mechanisms that might be part 

of the causal pathway.  First, it is possible that an adaptive response of limiting fat oxidation is 

developed during periods of energy restriction (in utero and in early childhood).  The result is 

that during periods of adequate energy, availability of energy will favour fat storage over 

utilization and the central region would be a highly desirable site for storage because it can be 

quickly mobilized in times of need. Unfortunately, for many growth retarded persons, this 

adaptive mechanism may only result in excess fat deposition that promotes chronic disease rather 

than providing a safety mechanism for famines that never return (Hoffman et al, 2007).  Another 

possible mechanism is through the metabolism of cortisol (stress hormone).  Cortisol has been 

associated with increased body fat and central adiposity in a number of clinical studies (Drapeau 

et al, 2003).  Central fat depots have an increased number of glucocorticoids receptors; this may 

result in rapid uptake of lipids in visceral adipose tissue because they increase the activity of 

lipoprotein lipase (Richard et al, 1993). This interaction could certainly translate into increased 

central fat deposition (Hoffman et al, 2007). 

 

Recently, the amount of intra-abdominal fat has been demonstrated to be more significantly 

related to metabolic derangement induced by obesity, than that of subcutaneous fat (Asamaya et 

al, 1998).  It is not known whether the storage of an absolute or relative excess amount of 

triglycerides in abdominal fat depots is directly responsible for increased disease risk, or whether 

such deposition is simply associated with other processes that cause risk or both (Klein, 2007).  

Some hypotheses for this relationship have been described.  These hypotheses are however not 

mutually exclusive and it is possible that other unknown mechanisms are involved.  One of the 

earliest hypotheses for the relationship between excess abdominal fat distribution and metabolic 

complications suggests that activation of the central nervous –adrenal axis by the environmental 

stressors causes both preferential deposition of adipose tissue in the trunk and the cardiovascular 

metabolic disorders associated with that deposition (Bjorntorp, 1997).  It has also been suggested 

that because subcutaneous fat depots have limited ability to store excess energy, this results in an 

overflow of chemical energy to intra abdominal tissue and ectopic sites.  This then causes 

metabolic dysfunction in organs in that region (Klein, 2007).   
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Metabolic complications associated with excess central adiposity are dyslipidemia, hypertension, 

insulin resistance and impaired glucose tolerance.  This cluster of metabolic abnormalities that 

already appears in obese children and adolescents increases the risk of cardiovascular disease 

(Rodriguez et al, 2004).  Freedman et al (1999) showed a positive relationship between central 

adiposity as measured by waist circumference and skinfold thickness to lipid and insulin 

concentrations in children and adolescents.  In another study Weiss et al, (2003) measured 

abdominal fat partitioning by nuclear magnetic resonance in two groups of obese children.  One 

group had impaired glucose tolerance while the other group had normal tolerance, both with 

similar ages, sex distribution and degree of obesity.  The group with impaired glucose tolerance 

had more abdominal visceral fat, less subcutaneous fat and therefore greater visceral to 

subcutaneous fat ratio than those whose glucose tolerance was normal.  The conclusion from 

these two studies was that, independently of the amount of fat mass intra-abdominal fat 

accumulation was strongly related to insulin resistance and hyperglycemia in obese adolescents.  

Other metabolic abnormalities associated with excess adiposity include increased myocellular 

lipid content (Weiss et al, 2003), low High Density lipoprotein HDL)-cholesterol and high Low 

Density Lipoprotein (LDL)-cholesterol, ApoA1/ApoB and triglycerides plasma levels (Moreno 

et al, 2002).  In this regard there is evidence to suggest that adiposity in childhood and 

adolescence influences adult mortality and morbidity.  However, more studies are needed to 

confirm this.  This demonstrates the need to employ assessment strategies that seek to identify 

children who are prone to excess adiposity to prevent obesity at an early stage. 
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Capacity development 

Taking accurate anthropometric measurements is a skill that requires specific training.  The 

investigators conducting the measurements will be the applicant, a Ph D (Nutrition) student from 

Botswana and a Masters (Nutrition) student, also from Botswana.  They will be trained by the 

study promoter, Prof HS Kruger, on the procedures to follow when taking measurements using 

standard methods.  This will be an undoubtedly useful skill acquired which can always be used 

in conducting surveys on the nutritional status of individuals and or populations.  Anthropometry 

is widely used because it is inexpensive and non invasive therefore developing capacity in this 

area is quite useful.  

The applicant and promoter will also develop new skills in statistical analyses, when the data will 

be analysed and smoothed waist circumference percentiles will be derived from least means 

squares (LMS) regression. 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/16260449?ordinalpos=6&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
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ADDENDUM 4: SAMPLE OF LETTER TO SCHOOL HEADMASTERS. 
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 North-West University (Potchefstroom Campus) 

     School of Physiology, Nutrition & Consumer Science 

     Private Bag X6001 

     Potchefstroom 

South Africa 2520 

4 July 2008 

 

Mr K.A.M. Ndlovu 

Kwa-Cutshwayo Primary School 

P/Bag PO 

Ashwood 

3605 

 

RE: WAIST CIRCUMFERENCE PERCENTILES FOR SOUTH AFRICAN CHILDREN AGED 7-15 YEARS 

 

Dear Mr Ndlovu 

 

The School of Physiology, Nutrition and Consumer Science of the North-West University (Potchefstroom Campus) 

and the Medical Research Council will be conducting a study on children aged 7-15 years and would like to invite 

your school to participate in the study.  The purpose of this study is to develop age and sex specific reference values 

for waist circumference of children aged 7-15 years in South Africa.  The information will be collected from 

approximately 250 children from each of four different schools in Kwa Zulu Natal. 

 

The following information will be obtained from the children: 

 Information on personal background and socio-economic status 

 Measurements of weight, height and waist circumference. 

 

The study will only de done after approval from the Ethics committee of the university has been obtained. The study 

procedures will be explained to the teachers, children and their parents and informed consent will be obtained from 

the parents and assent from the children for participation in the study.  Participation in this study will be voluntary 

and will not cost children anything, except time taken to gather the necessary information.  We will also need a 

room or area to conduct interviews and take all the measurements.  All the information obtained from children will 

be kept confidential, the name of the school and those of the children will not be mentioned anywhere.  The 

outcomes of this study will be reported as part of a PhD study, but the individual results will remain anonymous. 

 

Children will not be forced to participate in this study and may withdraw from the study at any time and this will not 

be held against them. 

 

Should you have any questions please feel free to contact the researcher at the following numbers 018 299 2482 or 

018 299 2466 (secretary Sanet Vermeulen). 

Thank you for your cooperation. 

 

Sincerely  

 

 Prof HS Kruger 
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ADDENDUM 5: INFORMATION TO STUDY PARTICIPANT. 
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WAIST CIRCUMFERENCE PERCENTILES: INFORMATION ON THE STUDY AND 

CONSENT FORM 

 

I CONFIRM THAT: 

 

It has been explained to me, that: 

 

1. The purpose of the research study is to collect information on the waist circumference data 

among schoolchildren aged 7-15 years in KwaZulu Natal and Northern Cape Provinces of 

South Africa. 

 

2. I have been told that the researchers will obtain anthropometric variables of a random sample 

of children aged 7-15 years. 

 

3. Adult fieldworkers from my province will ask me questions about my house and type of 

work of my parent or caregiver, as well as my growth phase. 

 

4. The participant will be weighed and his/her height as well as waist circumference will be 

measured without causing any pain to the child.  For those measurements boys and girls in 

separate groups will be asked to undress in privacy of a class-room, because some 

measurements must be taken with the children dressed in underwear only.  The different age 

groups will be measured separately.  The researchers and fieldworkers will work in a 

professional way, not to embarrass the children. 

 

5. Existing data together with newly collected data will be used to describe waist circumference 

distribution of South African children. Waist circumference percentiles for South African 

children will be established, with the aim to recommend a cut-off point for boys and girls 

respectively for identifying risk for non-communicable diseases, such as high blood pressure. 

Waist circumference percentiles of South African black children will be compared with waist 

circumference percentiles of African-American children. 

 

6. I have also been told that this research is being done for the benefit of the children, and that 

1600 children will take part in this study. 

 

7. It was also explained to me that the information I will give shall be kept confidential, but that 

it will be used anonymously for making known the findings to other scientists. 

 

8. It was also clearly explained to me that I can refuse to participate in this research study or I 

can stop answering the questions at any time during the interview. 

 

The information in this consent form was explained to me by_________________(name of 

interviewer) in_________________(language) and I confirm that I have a good command in this 

language and understood the explanations, OR it was translated to me 

by_______________(Name of translator) in my language_________________.  I was also given 

the opportunity to ask questions on things I did not understand clearly. 
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I the participant (child) hereby agree voluntarily to take part in this research survey. 

 

Signed_________________________ at_____________________________ on 

___________2008 

 

 

Witness________________________Parent/legal guardian________________________ 
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ADDENDUM 6:  SOCIO DEMOGRAPHIC QUESTIONNAIRE 
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SOUTH AFRICAN BLACK CHILDREN WAIST CIRCUMFERENCE STUDY 

Socio-demographic questionnaire 

(All information in this questionnaire is confidential). 

 
a. Interviewer Name:__________________________  Interview Date:  ________________________ 

 
b. Subject number ________________________________________ 

 
c. Birth Date:_______________________  

 
d. Province:____________________________________   

 

e. School: _________________________________   Grade _________ 
 

f. Gender 1 2 

Male Female 

g. Home language 1 2 3 4 5 6 

Zulu English Sesotho Setswana Xhosa Other 
specify 

h. Type of dwelling: 
(You can tick more than 
one block if necessary) 

1 2 3 4 5  

Brick, 
Concrete 

Traditional 
mud 

Tin Plank, 
Wood 

Other, 
specify 

i. Number of people 
living in the your 

household (Tick one) 

1 2 3 4 5  

<4 
persons 

4-6 
persons 

7-8 
persons 

>8 persons Don’t know 

j. Where do you get 
drinking water most of 
the time (Tick one) 

1 2 3 4 5 

Own Tap 

 

Communal 

Tap 

River, 

Dam 
 

Borehole, 

Well 

Other: 

Specify 

k. What type of toilet 
does your household 
have? (Tick one) 

1 2 3 4 5 

Flush 
 

Pit 
 

Bucket, 
Pot 

 

Ventilated 
Improved 
Pit latrine  

Other 
(Specify) 

 

l. What fuel is used for 
cooking most of the 
time in your 
household? (You can 
tick more than one) 

1 2 3 4 5 6 7 

Electric 
 

Gas 
 

Paraffin 
 

 

Wood/ 
coal 

Sun 
 

Open 
Fire 

 

Don’t 
know 

m. Do you have access 
to electricity inside 
your house? 

1 2  

 Yes No  

n. Does your household 
have a working: 

1 2 3 4 

1. Refrigerator / 
Freezer 

Fridg
e 

Freezer Fridge/freezer 
combination 

Don’t 
know 

2. Stove  1 2 If yes, choose one  

Yes No Coal Paraffin  Gas Electric With 
oven 

 no 
oven 

3. Washing machine 1 2 

Yes No 

4. Microwave 1 2 

Yes No 

5. Television 1 2 

Yes No 

      6. Radio 1 2 

Yes No 
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ADDENDUM 7: STANDARD OPERATING PROCEDURES FOR ANTHROPOMETRIC 

MEASUREMENTS. 
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SOP: Anthropometric measurements  

  

The following anthropometric measurements should be done: 

 Weight (W) 

 Height (H) 

 Waist circumference (WC) 

In order to do these measurements you will need with the following equipment: 

1.1.1.1  A scale (electronic bathroom scale) 

 A stadiometer  

 A steel measuring tape 

The scale must be calibrated before-hand with a 2kg calibration weight  

If measurements are done in the field, take a wooden board to get an even surface for weighing. 

 

Weight 

 The scale should be placed on an even, uncarpeted area and levelled with the aid of its in-built spirit 

level. 

 After the scale is switched on, wait for the zero indication (0,0), as well as the stable indicator 

(0 on the display panel) to appear.   

 The child should be weighed (preferably after emptying his/her bladder) and with the minimum of 

clothing or in underclothes for older children 

 The child is placed on the scale, standing still and upright in the middle of the platform, facing the 

field worker, looking straight ahead.  If standing, his/her feet should be flat and slightly apart until 

the reading is taken. 

 After the reading is recorded in the space provided in the questionnaire, the child is removed from 

the scale.  The weight is recorded to the nearest 0.01kg. 

 After the child steps down from the scale, wait for the zero reading to appear on the digital display 

before repeating the procedure. 

 The two readings should not vary by more than 10g.  If they do, the scale has to be checked for 

accuracy, and the procedure has to be repeated until two similar weight readings are obtained. 
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 In extreme cases, when the child is not able to stand alone on the scale, the following method is 

employed: 

    

 - The mother/caregiver is weighed first (without heavy clothing and shoes).  The weighing 

should be done according to the discussed procedures.  

 - Then the zero/reset button is pressed and the field worker has to wait for the zero reading 

(0.0) to appear on the digital display.   

 - The child is then placed in the mother‘s arms and the reading taken and recorded. 

- The mother and child are then taken off the scale, and when the zero reading appears again 

on the display, the procedure is repeated. 

   

Height (stature) 

The standing height of these children is taken by means of a stadiometer.  Two readings are taken 

and the measurement is repeated if the two readings vary by more than 0.5cm. 

 The stadiometer should be wall-mounted or placed on an even, uncarpeted  area. 

 The subject's shoes and hat or cap are removed 

 If the hair is tied up on the top of the head, it should be released  

 The subject is positioned as follows: 

- facing the field worker 

- shoulders relaxed, with shoulder blades, buttocks and heels touching the measuring board 

- arms relaxed at sides 

- legs straight and knees together 

- feet flat, heels touching together 

- with the subject looking straight ahead (Frankfurt plane), the headpiece is slid down until it 

touches the crown of the head 

- the subject should stretch, but the feet should not come off the floor 

- the reading is taken at the end of a deep inward breath 

- the hair should be crushed as much as possible, in order to measure height on the hard flat 

surface of the head  

- the reading is taken at the bottom of the head piece to the nearest 0.1cm 
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- the measurement is recorded in the space provided in the questionnaire and repeated at least 

once. 

 

Waist circumference 

For measurement of the waist circumference the child needs to undress, or lift her/his shirt, so that 

the measurement can be made on the bare skin.  Stand in front of the child.  The measurement is 

made at the narrowest point between the lower rib and the hip bone. The fieldworker should ensure 

that the tape is in the horizontal position for a standing child.  The subject is instructed to lower 

her/his arms to the relaxed position and to breathe normally.  The measurement is made at the end 

of normal expiration.  The fieldworker needs to readjust the tape as necessary to ensure that it does 

not indent the skin.  The measurement is taken to the nearest 0.1cm.  Take two measurements and 

record them in the appropriate section of the questionnaire. If the two measurements differ by more 

than 0.5cm, take a third measurement and select the two measurements that are nearest to each 

other.  (Clean the tape with a wet wipe after one day‘s measurements.) 
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