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CHAPTER 1: INTRODUCTION 

 

1.0 SUMMARY 

Adiposity is defined as the property of containing fat. Excessive adiposity is a cause of both 

morbidity and mortality in adults. Important consequences include increased risks of type 2 

diabetes, coronary heart disease and stroke, (particularly through the increased risks of high 

blood pressure, dyslipidaemia and insulin resistance associated with adiposity), osteoarthritis, 

gall bladder disease and some cancers (particularly endometrial, breast, and colon). There is 

concern, both in the UK and in other settings, that levels of adiposity have risen during the 

past 20-30 years or so, both in adults and in children and adolescents, in whom relative 

increases in risk have been particularly large. 

Key adiposity indicators include markers of general adiposity, of which body mass index 

weight (kg)/height2 (m2) is the most commonly used and markers of central adiposity, of 

which waist circumference is the most commonly used; central adiposity is particularly related 

to increased risks of cardiovascular disease and type 2 diabetes. High levels of body mass 

index, and, increasingly waist circumference, have been used to define overweight and 

obesity, although the definition of cut-offs for abnormality is difficult, especially in children 

and adolescents.  

In British adults, there are marked geographic, social and ethnic variations in the occurrence of 

adiposity. Higher levels of adiposity have been reported in Northern England and Wales when 

compared to Southern England, in lower social class groups compared to higher ones and 

among South Asians compared to White Europeans. However, there is limited information on 

the extent of geographic, social and ethnic variation in adiposity in children. 

Although raised adiposity in an individual fundamentally reflects an imbalance between 

energy intake and expenditure, many potential determinants of adiposity have been identified. 

These include not only recent and previous dietary factors and physical activity, but also early 

life exposures and parental influences.  

In a population-based study of British 13-16 year-olds, this Thesis sets out to address four 

overall aims;- (i) to examine patterns of adiposity, including the interrelationships of different 

adiposity markers; (ii) to explore geographic, social and ethnic differences in adiposity and 

relate them to patterns observed in adults; (iii) to examine the association of three individual 
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factors – current physical activity pattern, infant feeding and parental BMI – with adiposity; 

(iv) to examine the associations between adiposity markers, blood pressure and insulin 

resistance, particularly to determine which adiposity measures are most strongly related to 

these factors in adolescence. 

 

1.1 INTRODUCTION 

In this chapter issues of definition and measurement of adiposity are addressed (Section 1.2). 

The importance of adiposity, both in adulthood and in childhood, is discussed (Section 1.3). 

Important determinants of adiposity are outlined (Section 1.4). The overall aims of the thesis 

are outlined in Section 1.5. 

 

1.2 ADIPOSITY – DEFINITIONS AND MEASUREMENT 

Adiposity is defined as ‘having the property of containing fat’ (Concise Oxford dictionary). 

The most commonly used method of ascertaining overall adiposity is to measure weight, and 

to incorporate this into a weight-for-height index, normally body mass index (weight/height2). 

Although this measure can be reasonably accurately measured and is positively associated 

with adiposity, body mass index does not discriminate between fat mass and fat-free mass. 

Despite this, it has been the most widely used adiposity assessment tool, both in adults and 

children. Several other non-invasive methods have also been used to assess overall adiposity. 

Skinfold measurements, particularly in combination, have been used in research studies 

though less commonly in clinical practice. Skinfolds measure body fat more directly but are 

observer dependent, requiring training to assess correctly; there are no contemporaneous 

standards. They also differ in males and females. Clinically they tend to be used more to 

measure under-nutrition; they are less suitable in the overweight and obese as obtaining 

accurate readings is problematic (Tanner et al, 1975, Womersley et al, 1977). Bioelectric 

impedance (BIA) measures impedance of the body to a small electric current.  The theoretical 

model on which bioimpedance is based makes simplifications, treating the body as a single 

cylinder. Published BIA equations are not necessarily transferable between populations and 

some perform poorly in healthy individuals, though they may be useful in defining population 

groups (Wells et al, 2006). Other more invasive methods for the assessment of overall 

adiposity include underwater weighing methods and DXA scanning (Wells et al, 2006). Both 
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of these methods provide extremely accurate assessment of adiposity but are limited in their 

applicability, requiring non-portable equipment which restricts their use to small-scale studies 

in research centres. 

 

Central adiposity refers to the distribution of fat specifically around the abdomen. Greater 

degrees of abdominal adiposity, which give rise to greater rotundity (‘apple shape’) have been 

shown in adults to be particularly related to the risks of coronary heart disease and type 2 

diabetes (Han et al, 1997b). The measurement of central adiposity is normally based on the 

waist circumference, either alone or standardized for hip circumference (waist: hip ratio) or 

height (waist:height ratio). The accurate measurement of waist (and hip) circumference 

requires some observer training. These measures are positively related to visceral adiposity, 

which increasingly appears to be the important factor. Scanning techniques provide more 

precise measures of visceral fat. 

 

1.2.1 DEFINING INCREASED LEVELS OF ADIPOSITY 

Adiposity is a continuous measurement; the measures of adiposity referred to above show 

either normal or log-normal distributions in different populations. Definitions used to define 

increased levels of adiposity are therefore somewhat arbitrary. In adults, these are generally 

based on the recognition of levels of adiposity associated with appreciable increases in risk. 

This is the case for the widely used World Health Organisation definitions of overweight and 

obesity, which use body mass index [weight (kg)/height (m)2] to define overweight as a body 

mass index (BMI) over 25 kg/m2 and obesity as a BMI of over 30 kg/m2. Cohort studies 

relating adult BMI to adult mortality have generally showed a ‘J’ shaped curve, with the 

lowest mortality at the 20-25 kg/m2 range of BMI (Manson et al, 1995, Lew 1985). However 

if potential confounding factors (e.g. cigarette smoking habit) are taken into account and a 

combined morbidity and mortality outcome including cardiovascular disease and type 2 

diabetes is used, risk rises in a graded way from the lowest BMI group (BMI 20-22.4 kg/m2) 

(Shaper et al, 1997). The other increasingly widely used approach to the definition of adiposity 

in adults is based on central adiposity, and uses simple cutoffs based on waist circumference, 

defined on the basis of the relation to adult cardiovascular mortality (Han et al, 1995). Waist: 
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hip ratio and trunk: extremity skinfold ratio can also be used. Measures of high waist 

circumference are also used in the definitions of the metabolic syndrome. 

 

The definition of excessive adiposity in children is difficult, because the relations of adiposity 

to morbidity and mortality are less clearly defined than in adults; choice of ‘the best measure’ 

is not clear cut. Most available definitions are based on body mass index. Definitions based on 

age-specific and/or sex-specific centiles, have been augmented by more sophisticated 

assessments which extrapolate backwards from the adult cut offs above, to produce proposed 

centile cutoffs for use in children (Cole et al, 2000). However, since the correlations between 

body mass index in childhood and adulthood are not perfect and its relations to adult 

morbidity and mortality unclear, the value of such markers remains unclear. This makes BMI 

difficult to interpret in an individual child.  Although waist circumference and bioelectrical 

impedance are increasingly used for the measurement of adiposity in children and ranges of 

usual values have been defined, no validated cutoffs for excessive adiposity yet exist. With the 

difficulties of standardizing skinfold measurements, both by observers and between genders, 

these have been little used and there are no contemporaneous standards. Clinically skinfold 

measurements are used more to measure under-nutrition than over-nutrition; they are less 

suitable in the overweight and obese as obtaining accurate readings is problematic (Tanner et 

al, 1975, Womersley et al, 1977). 

 

1.3 THE IMPORTANCE OF ADIPOSITY 

Excessive adiposity, which is increasingly common in the general population, has several 

well-documented adverse consequences in adults. Higher levels of adult adiposity show 

positive graded associations with risks of coronary heart disease and stroke, type 2 diabetes, 

osteoarthritis, gallbladder disease, sleep apnoea and respiratory complications and with several 

cancers, particularly those involving the endometrium, breast, and colon (Gelber et al, 2007, 

Wilson et al, 2002, Field et al, 2001, Chang et al, 2007, Wenten et al, 2002, Narayan et al, 

2007). Excessive adiposity is also associated with adverse psychological and social 

consequences (Viner et al, 2005). The relations with coronary heart disease and stroke are at 

least partly accounted for by associations between excessive adiposity and increased levels of 

blood pressure and total and LDL cholesterol. Increased adiposity is also strongly associated 
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with insulin resistance, a precursor of type II diabetes, and with the metabolic syndrome, a 

combination of metabolic abnormalities associated both with risks of type II diabetes and 

cardiovascular disease. 

 

Excessive adiposity in childhood and adolescents, which is also becoming increasingly 

common, also has adverse health consequences both in the short and long term (Reilly et al, 

2003). However, the magnitude and independence of some of these associations are not yet 

clear, because of the limited longitudinal information linking childhood adiposity with adult 

disease outcomes and also taking account of adiposity in adult life. Moreover, while it is clear 

that excessive adiposity in childhood is associated with an increased risk of adiposity in later 

life, the extent to which adiposity in childhood contributes to long-term ill-health 

independently of its relation to adult adiposity remains uncertain. 

 

1.3.1 TRACKING OF ADIPOSITY FROM CHILDHOOD TO ADULT LIFE 

Evidence suggests that over 60% of overweight adolescents remain overweight as adults 

(Gortmaker et al, 1993, Guo et al, 1994); in Britain results from the 1958 birth cohort show 

that lower class children are more likely to remain overweight or obese than other children 

(Power et al, 1988).  The persistence of excessive adiposity between childhood and adult life 

is particularly strong when the excess is severe, present at older ages, and is associated with 

parental obesity (Reilly et al, 2003). 

 

Childhood adiposity has strong short-term associations with less favourable levels of 

cardiovascular risk factors. Excess adiposity is associated with higher mean blood pressure, 

raised total and LDL cholesterol, triglycerides and low HDL levels (Freedman et al, 1999, 

Morrison et al, 1999a and 1999b, Maffeis et al, 2001, Berenson et al, 1998). It is also 

associated with changes in vascular structure and function, particularly diminished arterial 

distensibility (Whincup et al, 2005). Several reports, particularly from the Bogalusa Heart 

Study, have suggested that excessive adiposity in childhood may be directly related to adverse 

levels of cardiovascular risk factors in adult life (Bao et al, 1997, Smoak et al, 1987, 

Wattigney et al, 1995, Freedman et al, 2001). Moreover, several studies have suggested that 

adiposity in later childhood may be positively associated with later coronary heart disease 
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(Baker et al, 2007, Willett et al, 1995) though few of these studies can separate the 

independent influence of childhood adiposity from continuing adiposity in adult life. 

 

1.3.2 RISING LEVELS OF ADIPOSITY 

Over the last 40 or so years increasing adiposity has been noted in adults in Western, 

developed societies and in many other parts of the world. The World Health Organisation 

(WHO) estimated that globally in 2005 approximately 1.6 billion adults (age 15+) were 

overweight; with at least 400 million adults obese, with projections that by 2015, 

approximately 2.3 billion adults will be overweight and more than 700 million will be obese. 

In the UK, several national and local surveys have reported marked increases in the prevalence 

of overweight and obesity. In the Health Survey for England, the prevalence of obesity (BMI 

of 30 kg/m2 or greater) has increased between 1993 and 2004 from 13% to 23% in men aged 

>30 years and from 16% to 24% in women (source BHF statistics website). Prevalence of 

adiposity in British children has also increased. In the Health Survey for England (children 

aged 2-15 years) in 1995 11% of boys and 12% of girls were obese, rising to 19% of boys and 

18% of girls by 2004 (source BHF statistics website). Other British studies in preschool 

children (Reilly et al, 1999, Bundred et al, 2001), and in school-age children (Rudolf et al, 

2001, Chinn et al, 2001), also find increasing levels of adiposity, which are discernible even in 

children under 48 months of age (Reilly et al, 1999). 

 

1.4 FACTORS ASSOCIATED WITH ADIPOSITY 

1.4.1 REGIONAL, SOCIAL AND ETHNIC FACTORS 

In British adults, higher prevalence of overweight and obesity are observed in Northern and 

Western regions (HSE 2006), regions with higher rates of adult cardiovascular disease (Barker 

1998). A similar pattern was observed in the 1958 British Birth cohort (the National Child 

Development Survey), which also observed a particularly high prevalence of overweight and 

obesity in Wales (Strachan et al, 2007). Similarly, social class differences in adiposity are 

apparent in British adults, with lower social classes showing higher levels of both general and 

central obesity; these patterns are more marked in women (1994, 1998, 2003 HSE). Ethnic 

differences in adiposity are well described in adults. South Asians characteristically have a 

lower mean body mass index, but larger waist circumference, WHR and trunk skinfold 
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measurements than white Europeans, (McKeigue et al, 1991, Knight et al, 1992, Bhopal et al, 

1999). 

 

There is considerably less information on geographic, social and ethnic differences in British 

children. In the previous wave of the Ten Towns study, 8-11 year old children in towns with 

high cardiovascular mortality (in Northern England and particularly in South Wales) were 

shorter and had higher ponderal index (weight/height3) than children in low mortality towns, 

in Southern England (Whincup et al, 1996). In children there is some evidence of social class 

or socio-economic differences which become more marked in adolescence, particularly in girls 

(HSE 2003, 2006, Stamatakis et al, 2005, Wardle, Brodersen et al, 2006).  

Studies comparing patterns of adiposity in South Asian and white European young people 

have suggested greater adiposity in South Asian boys compared to whites (Wardle, Brodersen 

et al, 2006, Saxena et al, 2004) and varying results for South Asian girls, Wardle; lower 

adiposity in South Asian girls, Saxena; lower in Indian girls and higher in Bengali and 

Pakistani girls compared to whites. In the previous wave of the Ten Towns study South Asian 

children had lower ponderal index than white children at age 8-11 but similar waist 

circumferences (Whincup et al, 2002) and increased tendency to insulin resistance.  

 

1.4.2 INDIVIDUAL DETERMINANTS OF ADIPOSITY 

Increased adiposity in an individual fundamentally reflects a previous lifetime imbalance 

between energy intake and expenditure. Recent and previous dietary factors (particularly 

energy intake) and levels of energy expenditure are of particular potential importance. 

Physical activity levels in children and adolescents have been widely studied and have been 

linked to adiposity measures in adolescents in other studies (Andersen et al, 2006). However, 

many other factors have been related to the occurrence of increased adiposity at different 

stages of the life course. Of particular interest has been the role of exposures acting in early 

life. It has been suggested that foetal nutrition may influence long-term risks of adiposity and 

obesity (Law et al 1992). Early postnatal nutrition has been implicated, with the suggestion 

that breast feeding may offer long-term protection against overweight and obesity (Gillman et 

al, 2001). Parental adiposity is also an important determinant of adiposity in offspring, though 

the contribution of inheritance and shared environment is debated. Studies of parental 
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influence on offspring’s BMI have found evidence of increased adiposity in children with 

obese or overweight parents (Burke et al, 2001, Duran-Tauleria et al, 1995).  

 

1.4.3 AVAILABLE INFORMATION ON THE DETERMINANTS OF ADIPOSITY IN 

YOUNG BRITISH PEOPLE 

Despite the importance of understanding the scale of excess adiposity in young people and its 

determinants with a view to prevention, population-based studies of adiposity in young people 

in Britain have been limited in scope. Although some data are available from the Health 

Survey for England and the Avon Longitudinal Study of Parents and Children (ALSPAC), few 

of these studies are both nationally representative and have multiple measures of adiposity. 

Most studies have relied on a very limited set of measurements, generally focussing on body 

mass index and waist circumference. Moreover, few other than ALSPAC have information on 

a wide range of determinants, including parental adiposity, early life exposures and current 

patterns of diet and physical activity. I have therefore used information from the Ten Towns 

Heart Health Study to address some of these issues. The third phase of the study (described in 

more detail in Chapter 3) includes a representative population of British school pupils aged 

12-16 years from ten British towns, who had detailed measures of anthropometric parameters 

and bioelectrical impedance. Questionnaire information provided both by pupil and parents 

allowed ascertainment of a wide range of relevant exposures including current physical 

activity patterns, infant feeding and reported parental weights and heights. 

 

1.5 OVERALL AIMS OF THIS THESIS 

This thesis explores patterns and determinants of adiposity in a group of British 12-16 year old 

schoolchildren in the Ten Towns Heart Health Study using a wide range of anthropometric 

measures and bioimpedance. The overall aims of this thesis are: 

• To examine the distribution and inter-relations of general and central adiposity in the 

study population, including comparison with the proposed international standards for 

obesity in childhood (Chapter 4). 

• To explore whether there are differences in adiposity levels in relation to geographical 

location (town), social class and ethnic group, and whether these correspond to 

differences observed in adults (Chapter 5). 

 18



• To explore selected determinants of adiposity in this group of young people; parental 

BMI, breastfeeding in infancy and level of physical activity (Chapter 6). 

• To explore the relations of adiposity measures with systolic blood pressure (a marker 

of cardiovascular risk), fasting insulin (a marker of insulin resistance) and blood 

glucose concentration. In particular, I aimed to establish whether any adiposity 

measures were more strongly related to these outcome measures than body mass index 

(Chapter 7).  

 

The background and rationale for these aims are provided in Chapter 2. 
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CHAPTER 2: BACKGROUND 

 

2.0 SUMMARY 

Adiposity is increasing nationally and internationally in developed societies. This increase in 

overweight and obesity is seen in all ages, particularly affecting children and young people. 

Health consequences of excess adiposity in young people include adverse lipid profile, insulin 

resistance and type 2 diabetes, hypertension and damage to arterial structure and function. 

Assessment of adiposity on a population level usually relies on body mass index cut offs, 

however a variety of other measures of general and central adiposity can be used. There is less 

evidence on the validity of central measures of adiposity in childhood than in adults. Of the 

correlates of adiposity social and ethnic differences seen in adults appear to be emerging in 

adolescence; but not geographic differences. Of the individual determinants of adiposity 

considered parental BMI is strongly influential on offspring BMI; physical activity is 

associated with adiposity measures other than BMI; breast feeding has some protective effect 

against adiposity. Evidence for the above is considered in detail in this chapter. 

 

2.1 INTRODUCTION 

This background chapter addresses five main issues. These include the definition and 

measurement of adiposity, overweight and obesity (Section 2.2); the evidence for a secular 

increase in adiposity levels, particularly in Britain (Section 2.3); patterns of sociodemographic 

variations in adiposity, particularly in Britain (Section 2.4); determinants of adiposity (Section 

2.5) and correlates or outcomes related to adiposity, with a particular focus on cardiovascular 

risk (Section 2.6). The final section, 2.7, summarizes the issues raised by this chapter that will 

be explored in this thesis. 

 

2.2 MEASURING AND DEFINING ADIPOSITY, OVERWEIGHT AND OBESITY 

Adiposity is defined as having the property of containing fat. Overweight and obesity are 

defined as abnormal or excessive fat accumulation that may impair health (Garrow J 1988). 

Measures are needed that are closely related to the accumulation of body fat and which are 

independent of overall body size. This is particularly true in children, where body size is 

changing rapidly. Weight is for this reason not a useful measure of adiposity. Weight (or 
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weight change) in an adult individual can give some guidance as to accumulation or loss of 

adipose tissue, but is not useful when comparing individuals as overall body size contributes 

to weight; a five foot tall person will weigh less than a six foot tall person but they may be 

visibly more overweight. Measures that aim to assess general adiposity will be detailed first, 

then those that aim to assess central adiposity. The focus will be on measures used in this 

study, with a brief discussion of other measures. The usefulness of a measure may also vary 

depending upon whether individuals or groups are being assessed, as some measures may have 

high sensitivity i.e. pick up the cases in the population but not be specific enough for use in 

individuals as there are too many false positives. 

 

2.2.1 MEASURES OF GENERAL ADIPOSITY 

General adiposity means total body fat, regardless of distribution. The measures of general 

adiposity do not necessarily quantify this amount but are closely associated with it. 

2.2.1.1 Weight 

Weight alone in adults is reasonably highly correlated with total body fat, (r = 0.82 in men and 

r = 0.91 in women) (Roche et al 1981). It is simple and quick to measure, requiring minimal 

training. However it is also highly correlated with height, which is only weakly correlated with 

body fat (Himes et al, 1986). Therefore a measure of weight-for –height is more useful in 

assessing body size. 

In children the correlation of weight with total body fat varies with age, and is lower than in 

adults, Roche et al (1981) finding higher correlations in teenage girls than boys (at age 6-12.9 

years r = 0.74 in both genders; at 13-17.9 years r = 0.65 in boys and r = 0.88 in girls). In 

children gender, height and age are important factors to take into account if possible. In the 

UK children’s height and weight are usually plotted on growth charts in paediatric practice i.e. 

at age specific points, using charts produced in 1990 from UK children (Freeman et al, 1995). 

Simple evaluation of the concordance between height and weight centiles, and specifically 

observation of any progressive divergence can be a pointer to growth problems including 

overweight in the individual child. This gives more information on an individual basis than 

BMI alone, but does not translate to population studies. 
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Care has to be taken that charts used provide a valid reference. New WHO charts for under 2s 

were launched in the UK in April 2006; these were compiled using infants from a variety of 

countries, raised following internationally recognized health recommendations (a key element 

being exclusive breast-feeding to age 6 months). Previous charts for this age group reflected 

the growth trajectory of bottle fed infants; not the ‘ideal’. The World Health Organization 

(WHO) is currently developing an international growth reference for school-age children and 

adolescents (WHO 2006). 

2.2.1.2 Weight-for-Height: Body mass index (BMI) 

BMI is defined as the weight in kilogrammes divided by the square of the height in metres 

(kg/m2), providing a simple index of weight-for-height. The measure is reasonably easy to 

record, and measurements can be made with limited observer training. In adults, it is the most 

commonly used measure in classifying overweight and obesity in populations and individuals. 

BMI does not distinguish between weight associated with muscle and weight associated with 

fat therefore the relationship between BMI and body fat content varies according to body build 

and proportion. The WHO defines "overweight" as a BMI equal to or more than 25, and 

"obesity" as a BMI equal to or more than 30. These cut-off points are based on mortality data 

(Garrow 1981) and provide a benchmark for individual assessment, although there is evidence 

that risk of chronic disease in populations increases progressively from a BMI of 21 or lower 

(WHO 2006, Shaper et al, 1997, Kannel et al, 1996). In adults, BMI has been viewed as the 

most useful population-level measure of overweight and obesity as it is the same for both 

sexes and for all ages of adults. However, it should be considered as a rough guide because it 

may not correspond to the same degree of fatness in different individuals or populations. 

Changes in body water can cause weight loss (as in dehydration) and changes in muscle bulk 

also cause variation in weight and hence BMI. It also does not give information about 

distribution of fat i.e. relative proportion of central fat. There are ethnic differences in the 

degree of fatness at a given BMI, with South Asians having higher central fat and 

cardiovascular risk factors at the same BMI as white populations (McKeigue et al, 1991, 

Chowdhury et al, 1996), leading to overweight in South Asians being defined as BMI over 23 

(WHO 2004). 

 22



In children BMI is strongly correlated to total body fat (r around 0.9 for boys and girls, ages 6 

to 17.9). The relationship is less strong in younger girls to percentage body fat than in adults 

(adult men r = 0.67, women r = 0.70, boys aged 6-12.9 r = 0.68, girls r = 0.55) (Roche et al 

1981). The use of BMI as a marker of overweight and obesity in children is more complicated 

than in adults because BMI varies strongly with age in childhood.  BMI rises in infancy then 

falls in the preschool years before rising again in adolescence. Therefore childhood BMI needs 

to be assessed using age-specific reference curves. The first BMI charts for the UK were 

produced in 1990; prior to this the Tanner and Whitehouse charts (for height and weight) used 

in the UK were based on data from the 1950’s and were superseded by the current Child 

Growth Foundation charts developed by Freeman et al (height and weight) and Cole et al, 

(BMI) (Freeman et al, 1995, Cole et al, 1995), which used data from more contemporary 

children (1978-90); there was increasing recognition that the Tanner charts did not reflect the 

norms for modern children.  However fixing national centiles provides a method of linking the 

distribution of BMI in childhood; if new population centiles are used in a fattening population 

there will tend to be a ‘drift’ to ever higher mean BMI; 10% of the population will always be 

above the 90th percentile (Prentice 1998). In clinical practice these charts are recommended to 

be used as defining ‘overweight’ as over the 91st centile and ‘obese’ as over the 98th centile, to 

ensure high specificity. For research purposes it is recommended that the 85th and 95th centiles 

are used (SIGN guideline 2004, Reilly et al, 2002). This means that the UK Department of 

Health defines obesity as over the 95th centile whilst clinicians define obesity as over the 98th 

centile. 

Differences in definition of obesity have also occurred internationally, with countries using 

local centile charts and local cut-offs. In an attempt to address this Cole proposed international 

centiles for BMI in childhood, using pooled data from a variety of populations  and calculating 

centiles that would pass through BMI of 25 (overweight) and 30 (obese) in adulthood  to 

produce centiles defining overweight and obese in childhood (Cole et al, 2000). However, in 

clinical practice international cut-offs can have lower sensitivity than local charts (Reilly et al, 

2000). 

The value of BMI as a marker of obesity in individual children is limited by its lack of 

independence from height, so that it is more sensitive to overweight in tall, rather than short 
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children (and to underweight in short children)(Mulligan et al, 1999).  In addition, a single 

measure of BMI is difficult to interpret (Ellis et al, 1999). Currently in the UK all 

schoolchildren have BMI measured in school reception (age 4-5) and again in Year 6 (age 10-

11), as part of monitoring progress towards targets on tackling obesity in children .Children 

are not given their BMI, unless parents specifically request the information, because of 

problems with interpreting the measurement. An ideal measure of obesity would robustly 

represent a biological endpoint, rather than a population distribution (Dwyer et al, 1996). 

In summary BMI is an easy to measure weight-for-height index, which gives some 

information on direction of change in body size but is limited by difficulties in establishing 

reference values and by lack of ability to discriminate body composition or fat distribution. 

2.2.1.3 Other indices of weight-for-Height: Ponderal index (PI) 

Ponderal index is the weight in kilogrammes divided by the 3rd power of the height in metres 

(kg/m3), it provides an index that may be more independent of height in childhood, 

particularly during puberty (Cole 1986). However as height in childhood is not independent of 

adiposity, a weight-for height index that is independent of height may not be optimally 

representative of adiposity (Lazarus et al, 1996). In the Bogalusa Heart Study in 10-15 year 

old children both PI and BMI were found to be equally predictive of adiposity 15 years later 

(Valdez et al, 1996). 

2.2.1.4 Skinfold thickness 

Skinfold thickness measurements provide a measure of subcutaneous fat i.e. fat stored below 

the skin. These measurements require considerable observer training and standardization.  

They are useful in assessment of malnutrition and normal nutritional states, in which skinfold 

measurements are generally accurate.  However, they are less suitable in the severely obese as 

accurate measurements are difficult (Tanner et al, 1975).  In research settings skinfolds have 

been shown to give a good estimate of total body fat in normal-weight adults and children 

(Durnin et al, 1967, Womersley et al, 1977, Deurenberg et al, 1990b) using four skinfolds at 

standardised sites (biceps, triceps, subscapular and suprailiac) and an appropriate formula. In 

children aged 7-15 there is moderate correlation (r = 0.70-0.85) between adiposity calculated 

from BMI and total body fat from skinfolds (Lazarus et al, 1996); Roche et al found similar 

moderate correlations between total body fat from underwater weighing and individual 
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skinfolds in children and adults (Roche et al 1981). In children Deurenberg et al compared 

body density calculated from skinfolds with that achieved by underwater weighing and 

concluded that there is a prediction error of 3-5% in skinfolds, similar to figures obtained in 

adults. Several different formulas for calculating body density (and hence body fat) from 

skinfolds have been proposed, recently work in Spanish adolescents aged 13.0-17.9 years in 

the AVENO study (Rodríguez et al, 2005) comparing body fat percent derived from skinfold 

measurement to that obtained from DEXA scan concluded that the use of the correct equation 

is critical for accuracy at the individual level, recommending only those of Slaughter et al 

(1988) and (girls only) Brook (1971). It may be that formulas developed in specific research 

populations are poorly applicable to other groups due to confounding factors such as ethnicity, 

maturational stage etc.  Skinfolds are not widely used in primary care settings in clinical 

practice in Britain now; they are difficult to standardise between observers, different calipers 

can alter the results (Tanner et al, 1975) and there are no contemporary standards. 

2.2.1.5 Bioimpedance-derived body fat mass 

Bioelectrical impedance involves passing an alternating current between electrodes on the 

hand and foot, the impedance of the body reflects the relative amounts of conducting material 

(i.e. the intra- and extra-cellular water) compared to insulating material i.e. fat. This is a 

simple measure, requiring little observer training. However there are many confounding 

factors such as the cross-sectional area of the limbs and differences in fluid distribution which 

for a given body composition will affect the measured impedance (Heitmann 1994).  Review 

of the validity of bioimpedance in adults suggested that it is a suitable method where there are 

no large shifts in body water and may provide a more reliable measure of adiposity than 

skinfolds or height and weight, but not on an individual basis (Heitmann 1994). In children 

assumptions that fat free body mass and density are stable do not hold; body composition is 

strongly age-dependent (Deurenberg et al, 1990a). Correlation with fat free mass from 

densitometry was 0.93-0.97 depending upon equation used (Deurenberg et al 1991).Suitable 

equations can be validated for defined age groups and genders but prediction errors may 

increase with extremes of body size, eating, recent exercise and ethnicity (Houtkooper et al, 

1992). 
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2.2.2 MEASURES OF CENTRAL ADIPOSITY  

Central adiposity is the adipose tissue that is deposited intra-abdominally, also known as 

visceral fat. In adults the amount of visceral fat can vary dramatically within a narrow range of 

total body fat or BMI. Central adiposity is of interest because it is associated with particularly 

high cardiovascular risk and Type 2 diabetes in adults. There is also some evidence for this in 

adolescence; some studies have found that visceral fat is related to adverse lipid profiles 

(Brambilla et al, 1994, Caprio et al, 1995) and others that raised waist circumference in 

adolescents was associated with abnormalities in lipid and insulin concentrations (Flodmark et 

al, 1994, Freedman et al, 1999). Generally adolescents have low levels of visceral fat. 

2.2.2.1 Waist circumference and waist: hip ratio (WHR) 

Waist circumference in adults is a simple, practical index of intra-abdominal fat and is little 

influenced by height or age (Han et al, 1997c). Correlation of waist circumference and 

abdominal fat in adults is 0.78 (Han et al, 1997a; MRI study). Differences in waist 

circumference reflect changes in risk factors for cardiovascular disease (Han et al, 1997b), 

although this relationship varies in different ethnic populations (McKeigue et al, 1992, 

Dowling et al, 1993), making production of cutoffs for waist circumference problematic. For 

the Caucasian population it has been suggested that a circumference of over 80cm in women 

and 94 cm in men represent increased risk of metabolic complications, with weight reduction 

required for circumferences over 88 in women and 102 in men (Han et al, 1995, Lean et al, 

1995). However these cutoffs were developed using regression from BMI values for 

overweight and obese; there are current calls for further work on developing waist cut offs that 

are based on cardio metabolic risk (Klein S et al, consensus statement, 2007). Waist 

circumference and waist hip ratio are closely correlated and there is ongoing debate about  

which of these measures is more useful in adults; it is accepted that a WHR of over 1 in men 

and 0.85 in women indicates abdominal fat accumulation (Han et al, 1997a). Waist 

circumference alone may be a more practical indicator of abdominal fat ( Seidell 1995, Lean et 

al, 1995), whilst hip circumference is inversely associated with development of cardio-

metabolic risk factors and CVD, possibly because it is a proxy measure for exercise, due to 

measuring gluteal muscle mass (de Koning et al, 2007).This meta-analysis looking at Waist 

circumference and WHR as predictors of CV events concluded that both were significantly 
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associated with the risk of CV events, WHR slightly more strongly but not significantly so 

(WC RR 1.63, 95% CI 1.31-2.04, WHR RR 1.95, 95% CI 1.55-2.44). 

In children the proportion of abdominal fat that is visceral fat (as opposed to subcutaneous fat) 

is much smaller than in adults which has made it impossible to assume that waist 

circumference represents the same risk in children as it does in adults. However evidence is 

accumulating from imaging studies that waist circumference does provide the best predictor of 

variance in intra-abdominal adipose tissue; explaining 67.4% of the variance in one study 

(Benfield et al, 2008, 13-14 year olds, UK) and 64.8% in another (Brambilla et al, 2006, 7-16 

years, pooled data, Hispanic and white). In both these studies, BMI was more strongly 

correlated with subcutaneous abdominal adipose tissue; (84.8% and 88.9% of variance 

explained respectively). Although waist circumference percentiles have been developed using 

data collected from children in 1988 (McCarthy et al, 2001), in mainstream clinical practice 

waist circumference is not used commonly in the assessment of adiposity (Reilly et al, 2002, 

Reilly 2006).  

2.2.2.2 Subscapular: triceps ratio (STR) 

Subscapular: triceps ratio reflects centrality of fat distribution i.e. a central (truncal) skinfold 

compared to a peripheral one. This measure is relatively difficult, requiring observer training 

to obtain the two accurate skinfold measures required to produce the ratio. Trunk skinfolds 

may reflect intra-abdominal fat, through the close relationship between the latter and 

subcutaneous abdominal fat; one study used MRI to assess intra-abdominal fat in 11 year olds 

(25 boys and 25 girls) and concluded that in girls subscapular skinfolds were the best indicator 

of intra-abdominal fat but were not sufficiently sensitive for clinical determination of intra-

abdominal fat in individual children (Fox et al, 1993). More usually, and with boys in the 

above study, trunk: extremity skinfold is the variable associated with ‘centrality’ and 

abdominal fat. Trunk: extremity skinfolds increase in boys with pubertal changes 

(Baumgartner et al, 1986). 

 

2.2.3 OTHER MEASURES OF ADIPOSITY  

Other circumferences and skinfolds have been proposed including mid-upper arm 

circumference, thigh circumference and thigh skinfold. Measurements of thigh and calf 

skinfolds, have been recommended as significantly enhancing estimation of percent body fat 
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(Eston et al, 2005), but none of these methods are widely used in the general population. 

Drawbacks of these methods are that they require precise measurement, often of multiple sites, 

with calibrated equipment, by trained observers so are difficult to implement outside specialist 

settings. 

More invasive measures are available, which cannot however be used in routine 

epidemiological surveys. These include DEXA scanning, which may be used to obtain a 

longitudinal image of the body, allowing calculation of body fat, although not so reliable for 

measuring intra-abdominal fat. In adults MRI and CT are considered the gold-standard 

methods for determining the quantities of subcutaneous abdominal and intra-abdominal 

adipose tissue, however there is no universally accepted site for measurement (i.e. vertebral 

level at which the ‘slice’ is taken) (Klein et al, 2007). Other methods include underwater 

weighing, to allow calculation of body density, and calculations using total body water or total 

body potassium, which can be measured using labeled isotopes and then used to calculate fat 

free mass and thus fat mass. These measures involve assumptions about body water which 

may not be applicable in children and are expensive. 

 

2.3 EVIDENCE FOR INCREASING LEVELS OF ADIPOSITY 

There is considerable evidence that levels of adiposity, overweight and obesity are increasing 

over time in many locations. We will consider the evidence for adults and children separately, 

in each case commenting on the general and then the UK picture. 

 

2.3.1 EVIDENCE FOR INCREASING LEVELS OF ADIPOSITY IN ADULTS 

2.3.1.1 Increase in adiposity in adults 

Recent WHO estimates for the European Region are that the prevalence of obesity has risen 3-

fold or more since the 1980s. Levels of obesity and overweight in adults have been monitored 

by the WHO using data sets from national and regional surveys, gathered from existing 

databases, published literature, scientists and health agencies. In 2006 information was 

available for 46 out of 52 countries in the European Region, with prevalence of obesity 

varying from 5-23% among men and 7-36% among women (WHO European obesity 

conference 2006).  
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Global data gathered by WHO (WHO global NCD InfoBase) shows a similar increase in 

prevalence of adiposity indicating that globally in 2005 approximately 1.6 billion adults (age 

15+) were overweight and at least 400 million adults were obese. WHO further projects that 

by 2015, approximately 2.3 billion adults will be overweight and more than 700 million will 

be obese. WHO’s Global Database on Body Mass Index, cited as including the most 

comprehensive international data available on obesity trends, demonstrates that rates of 

obesity have tripled over the last 20-30 years in many countries including Japan, Brazil, 

England and the US (Jeffery et al, 2008). Once considered a problem only in high-income 

countries, overweight and obesity are now dramatically on the rise in low- and middle-income 

countries as well, particularly in urban settings. 

Central obesity in adults has also been increasing. Using data from National Health 

examination surveys in the US marked increases can be seen in abdominal obesity since the 

first survey in 1960-62, with around 40% of men and 60% of women now having abdominal 

obesity (Okosun 2004, Li C et al, 2007). Waist circumference in both men and women has 

increased dramatically from 1960-2000 (Okosun 2004). Similar patterns have been reported in 

many other locations, including Sweden 1986-2004 (Lilja et al, 2008) and Finland 1987-2002 

(Lahti-Koski et al, 2007). 

2.3.1.2 Increase in adiposity in adults in Britain 

In Britain evidence for increasing obesity comes from national and regional health surveys, 

with rising obesity rates over the last 30 years and with a rate of increase greater than in most 

comparable European countries (DOH obesity strategy report 2008). Mean BMI increased by 

1.9 in both men and women between 1980 and 1996, with obesity rates increasing from 6% of 

men and 8% of women in 1980 (Knight 1984), to 16% of men and 18% of women on 1996 

(HSE 1996), and to nearly 25% of men and women today (HSE 2006). It is difficult to assess 

trends in BMI before 1980 as there do not appear to have been comparable surveys of adults 

(Obesity, British Nutrition Foundation Task Force 1999). Central obesity has also increased in 

adults, with recent studies showing increases in waist circumference in the UK 1993-

2003(Wardle et al, 2007).  
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2.3.2 EVIDENCE FOR INCREASING LEVELS OF ADIPOSITY IN CHILDHOOD 

2.3.2.1 Increase in adiposity in children 

Recent work on trends in childhood overweight and obesity worldwide has indicated that the 

prevalence of obesity is increasing in most countries, with sharpest increases in economically 

developed countries and urban areas (Wang et al, 2006), most evidence being based on 

measurements of body mass index. It has been estimated that the European Union can expect 

to see the numbers of overweight and obese children rising by about 1.3 million a year by 

2010 (Jackson-Leach et al, 2006). Successive national surveys in the USA for the US National 

Health and Nutrition Examination Survey have documented rising adiposity levels (Ogden et 

al, 2002). 

Increases in other markers of adiposity and in central adiposity in children have also been 

documented. Central fat assessed by skinfold ratio increased in Spanish children aged 6.5 to 

11.5 between 1980 and 1995 (Moreno et al, 2001). Waist circumference also increased in 

Spanish adolescents between 1995 and 2002; this exceeded increases in BMI at age 13 in boys 

and age 14 in girls (Moreno et al, 2005). In the USA greater increases in waist circumference 

than BMI were seen in 6-11 year olds over 1988-2002 (Okosun 2006) and comparison 

between National Health and Nutrition Examination Surveys in 1988-94 and 1999-2004 in 6-

19 year olds show that abdominal obesity (defined as the 90th centile for gender and age in the 

earlier survey) increased from 10.5 to 17.4% in boys and 10.5 to 17.8% in girls (Li C et al, 

2006).  

2.3.2.2 Increase in adiposity in children in Britain 

Evidence for increasing childhood obesity in Britain measured by BMI comes from successive 

Health Surveys for England; in the UK between 1995 and 2003, the prevalence of obesity 

among children aged 2 to 10 rose from 9.9% to 13.7% and overweight (including those who 

were obese) rose from 22.7% in 1995 to 27.7% in 2003. Patterns were essentially the same in 

boys and girls. Increases in obesity prevalence were even more significant among older 

children aged 8 to 10, rising from 11.2% in 1995 to 16.5% in 2003 (Wardle et al, Obesity in 

Children under 11, 2006). 

There has also been evidence of increase in adiposity in British children when measured by 

adiposity indices other than BMI. Skinfold centile charts for subscapular and triceps skinfolds 
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were published in Britain in 1962 and 1975 using data from 1960 and 1966-7 respectively 

(Tanner, Whitehouse 1975). There was noted to be marked increases in skinfolds of 0-2 year 

olds over this period, postulated as being due to increased bottle feeding. Skinfolds of school 

aged children showed a slight increase. Triceps skinfold increased by 7-8% in English 7 year 

olds between 1972 and 1994 and by 10-11% in Scottish 7 year olds (Hughes et al, 1997). 

Increases in both BMI and triceps skinfolds were found in successive National study for 

Health and Growth surveys (1972,1982,1990) in English and Scottish children aged 4.5-11.9 

years (Chinn, Rona 1994). Waist circumference increased proportionately more than BMI 

over the years 1987-97 in British 2-5 year olds and 11-16 year olds (McCarthy et al, 2005, 

McCarthy et al, 2003).  

 

2.4 VARIATIONS IN ADIPOSITY DISTRIBUTION 

This section addresses the extent of variation in adiposity, overweight and obesity in relation 

to sociodemographic factors (principally region, social class and ethnic group). It examines 

whether systematic differences are apparent in adults and whether these differences have their 

origins in childhood. The timing of the emergence of such differences can provide clues to 

their aetiology, and indirectly to means of prevention. The ultimate aim of this is to enable 

early effective intervention and prevention of obesity. In this section the focus is on findings in 

Britain. 

 

2.4.1 REGIONAL VARIATIONS IN ADIPOSITY 

2.4.1.1 Regional variations in adult adiposity 

Patterns of regional variations in adiposity in Britain have been investigated by successive 

national health surveys (Health Survey for England), geographically diverse epidemiological 

surveys (e.g. British Regional Heart Survey) plus national birth cohorts. Evidence of a 

regional difference in adult obesity is apparent in sequential Health Surveys for England: 

highest levels of adiposity tending to be found in the north and west of Britain. In both the 

1998 and 2003 surveys, the highest mean BMIs in men and women were found in the 

Midlands and the North. Highest obesity levels were in the West Midlands in men and in 

Trent in women in 1998 and in Yorkshire in men and West Midlands in women in 2003. 

Highest levels of obesity including morbid obesity were seen in the West Midlands in 2006 in 
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men and women. Overweight did not show a clear regional pattern. Lowest levels of mean 

BMI were found in the South East.  

The British Regional Heart Study of men aged 40-59 found the lowest average BMI was in 

Guildford in Surrey, while average BMI and obesity prevalence tended to be higher in 

Scotland (Shaper et al, 1981). The 1958 British birth cohort when measured at 44-45 years 

(non-migrants) showed regional variation in mean BMI, with the highest mean BMI in Wales, 

then Scotland. The English regions did not show a particularly north-south difference in this 

study. Other measures of adiposity e.g. waist circumference were not reported (Strachan et al, 

2007). 

Central adiposity (from waist: hip ratio) also shows a regional variation. In 2003 raised waist: 

hip ratio (>0.95) was highest in East Midlands, West Midlands and North-West and lowest in 

London and the South-East in men. In 2006 raised waist circumference (>102cm in men, 

>88cm in women) was found to be to be most prevalent in the West Midlands and in South 

Western England in both men and women: south west (37%) and West Midlands (34%) in 

men and in the South West (45%), East of England (44%) and West  Midlands (42%) in 

women. Raised waist circumference also showed regional variation in the Health Survey for 

England with higher levels in the north and west (HSE 1998, 2003, 2006).  

2.4.1.2 Regional variations in childhood adiposity 

Recent evidence suggests that although there is regional variation in adiposity in children there 

is not a consistent north-south pattern; there are high levels of adiposity in inner city areas, 

regardless of geographical location. Geographical differences in height are seen. In the 2002 

Health Survey for England obesity prevalence among children aged 2 to 10 varied according 

to region and area type. Obesity levels were lowest in Yorkshire and the Humber (11.4%) and 

the South East (13.4%) and highest in the North East (18.3%) and London (18.2%) in 2001 

and 2002. Obesity was higher among children living in inner city areas than among children 

living in all other types of area. In 2006 Health Survey for England the lowest levels of obesity 

in boys and girls were seen in the East of England (12%, 13%), with highest levels in London 

for boys (23%) then West Midlands (20%) and for girls in the South West (19%) West- and 

East- Midlands (18%). In children, the previous waves of the ten towns study found that 

children in Northern England and South Wales were 1.2 cm shorter at ages 8-11, when 

compared to children from low cardiovascular mortality areas, and had significantly higher 
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ponderal indices (0.34kg/m3 higher). Children in Rhondda were noted to have particularly 

high ponderal indices. Differences in waist: hip ratio between grouped high and low mortality 

towns did not achieve statistical significance; Rhondda children had the highest mean waist: 

hip ratio (Whincup et al, 1996). In the 1970 birth cohort children from areas with high adult 

cardiovascular disease were shorter at age ten; there was a gradient for children’s height with 

fifths of the standard mortality ratio distribution, but not for weight (Barker et al, 1989). In our 

study we might expect to find a geographical difference in height with shorter children in the 

‘high’ cardiovascular risk towns which are in the north and west, but not necessarily a 

difference in adiposity. 

 

2.4.2 SOCIAL VARIATIONS IN ADIPOSITY 

In Britain as in other developed societies higher levels of adiposity are found in lower 

socioeconomic groups. 

2.4.2.1 Definitions of Social Class 

In Britain definitions of social class are generally based on occupation of the head of the 

household (or ‘reference person’) i.e. an adult male, or female if no male is present. This is a 

proxy for income and educational level, without being limited to either. Prior to 2001, social 

class was classified according to the Registrar-General’s classification; after this a new system 

was used New Standardized Socio-Economic Classification (NS-SEC), which aimed to reflect 

more how much control people had over their own work, and the work of others. It also 

allowed for clearer classification of ‘new’ jobs that had arisen eg in IT. The five categories it 

produces are broadly comparable to the old SC I-V. Educational level can also be used as an 

alternative social class marker. First we will consider social class differences in adults, then 

children. 

2.4.2.2 Social class and adiposity in adults 

In the UK, there are large scale data on social class patterns of adiposity, notably in the 

sequential Health Surveys For England (HSE), using BMI, waist: hip ratio and waist 

circumference. Adiposity varies with social class; this is particularly striking in women, and 

has been maintained over the change in social class classification and increase in adiposity 

generally.  
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The 1994 HSE found that body mass index and waist: hip ratio in women increased from 

highest to lowest social class, independently of differences in smoking habits, alcohol 

consumption and physical activity and (waist: hip ratio only) of current BMI. Women in social 

classes IV and V were more than twice as likely as women in social class I to be obese. In 

1998 the same pattern was seen, within the context of an overall rise in adiposity in the 

population. Similar results were seen when household income or educational level were used 

in place of social class. In the 2003 HSE (using NS-SEC) there was found to be lower 

prevalence of obesity in women in managerial and professional households, and in 

intermediate households, than in the other three (lower social class) NS-SEC groups. Raised 

waist circumference and waist: hip ratio were not associated with NS-SEC social group in 

women, but when equivalised household income was used, all measures showed marked 

increase with decreasing income, which was also the case in 2006. The social class differences 

in men were similar to those in women but the effect was not as strong. In 1994 and 1998 

HSE, BMI in adult men over 16 rose from Social class I to IIIM (then decreased in Classes IV 

and V), BMI for men in V being the same as for men in I in 1994, and a little higher in 1998. 

Obesity was highest in IV in 1994 and IIIM in 1998, with morbid obesity highest in V (1.6%). 

Waist: hip ratio did not show a clear relationship with social class in men, although prevalence 

of raised waist: hip ratio (<=0.95) was higher in lower social classes (1998). Waist: hip ratio 

decreased with increasing educational level (1994) independently of BMI. In 2003 (using NS-

SEC), fewer men in managerial and professional, or intermediate groups were obese or had 

raised waist circumference or waist: hip ratio compared to men in lower groups. A similar 

pattern was seen for waist and waist: hip ratio with household income, but not for obesity, 

which showed no association with income. In 2006 HSE obesity and waist circumference were 

not related to income in men. Findings in the 1958 British birth cohort of 11 405 men and 

women followed to age 33 y showed social class gradients in obesity in women at ages 16, 23 

and 33 (though not at age 7 or 11) and in men at age 23 and 33 (Power et al, 2003). There was 

also an association of education with adult obesity (BMI>= 30), with increasing odds by 30% 

(men) and 35% (women) for each decrease in qualification level.  
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2.4.2.3 Social class and adiposity in children and adolescents 

The studies that are available suggest associations between social class and adiposity or 

obesity that emerge and strengthen through childhood. Stamatakis et al used data from 

children aged 5-10 years in successive National Surveys of Health and Growth in 1974, 1984 

and 1994 with data from Health Surveys for England from 1996 to 2003 to show that children 

in manual and lower income groups had higher levels of obesity and higher rate of increase in 

obesity prevalence than non-manual and higher income groups respectively (Stamatakis E et al 

2005). In the 2002 Health survey for England associations between various measures of 

socioeconomic disadvantage and overweight and obesity prevalence were explored, in 

children and young people aged 2-15 and 16-24; rates of overweight and obesity were found 

to increase in both genders with lower NS-SEC category of head of household, and with lower 

household income. In both cases the pattern was weaker for boys than girls, and was absent for 

young men aged 16-24 with household income. These differences were also present in the 

2006 HSE, with the effect remaining stronger in girls.  

The findings detailed in the preceding paragraph based socioeconomic status on assessment at 

individual level. Some studies have defined socioeconomic status at area level and related it to 

obesity prevalence. Wardle et al studied children aged 11-16 from London schools and found 

highest levels of overweight and obesity (from BMI) in the most deprived children (defined by 

Townsend district from postcode) in both genders, but differences in adiposity were not 

graded across the levels of socioeconomic status (Wardle, Brodersen et al, 2006). A study of 

20,000 British children aged 5 to 14 years showed that children from areas of high social 

deprivation had a higher prevalence of obesity (Kinra et al 2000). This is consistent with 

findings in the 2002 Health Survey for England that levels of obesity were 5 percentage points 

higher among children living within the most deprived areas (16.4%) than the least deprived 

areas (11.2%) in the UK. A Canadian study of 6684 11-15 year olds (Janssen et al, 2006) 

examined the effect of ‘individual socioeconomic status’ (material wealth or perceived family 

wealth) and ‘area level socioeconomic status’ (unemployment rate, percentage of adult 

residents with less than a high school education, average employment income from head of 

household). They found that both individual and area level socioeconomic status were 

independently associated with adiposity. We will not be considering area level socioeconomic 

status in detail in this study, where no data on area social class are available. 
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2.4.3 ETHNIC VARIATIONS IN ADIPOSITY 

This section considers ethnic differences in adiposity between South Asians and White 

Europeans. 

2.4.3.1 Ethnic variations in adiposity in adults 

The particular interest in adiposity among South Asians was stimulated by the finding that 

British South Asians in Britain had markedly raised age-standardised levels of coronary heart 

disease which were about 40% higher than the general population (OPCS 1990, Wild, 

McKeigue, 1997) and markedly increased prevalence of type 2 diabetes (Health Survey for 

England 1999, 2004). Investigations into the cause of these patterns found that South Asian 

adults in Britain had larger waist: hip ratios and trunk skinfold measurements (i.e. central 

adiposity) than whites, along with insulin resistance and non-insulin dependant (Type 2) 

diabetes mellitus. The findings applied to both men and women (McKeigue et al, 1991, Knight 

et al, 1992). In McKeigue’s study mean BMI was slightly higher in Asian women than white 

women (27 vs. 25.2), in men BMI showed little difference (Asian 25.7, white 25.9). Mean 

waist: hip ratios slightly higher in South Asians than whites: 0.85 and 0.76 for S.Asian and 

white women and 0.98 and 0.94 for S.Asian and white men. A systematic review of studies 

exploring ethnic differences between South Asians and white British subjects (primarily to 

examine blood pressure differences) found that most studies showed South Asian men to have 

lower BMI and higher waist circumference whilst South Asian women had higher BMI and 

waist: hip ratio than white women in the majority of studies (Agyemang, Bhopal 2002). 

Similar findings were made in the Health Survey for England 2004; and in a Newcastle upon 

Tyne study (Bhopal et al 1999); BMI in South Asians being similar to or lower than whites, 

but central obesity being higher. The short stature of Bangladeshis in particular meant that 

obesity levels from BMI were low, even though mean waist: hip ratios were as high as other 

South Asians. 

Investigation into ethnic differences in subscapular: triceps ratio, as a measure of central 

adiposity, have not been so extensively carried out as for waist: hip ratio. McKeigue et al 

(1992) found relationships between subscapular: triceps skinfold ratio and insulin resistance in 

London white and S.Asian men and S.Asian women, but in all groups the relation between 

waist: hip ratio and insulin resistance was stronger (note numbers of white women with insulin 

resistance were insufficient for analysis). Imaging studies have shown that South Asians have 
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a higher proportion of total body fat and visceral fat than Europeans at the same levels of BMI 

and waist circumference respectively (Lear et al, 2007, Chowdhury et al, 1996). This results in 

more adverse cardiovascular profiles in S. Asians (Lear et al, 2003, Razak et al, 2005) and has 

led to suggestions that lower BMI cut- offs for overweight and obesity should be considered in 

these populations (WHO expert consultation report 2006). 

2.4.3.2 Ethnic variations in adiposity in children 

There is some evidence of higher adiposity in South Asian children in Britain; Saxena (Saxena 

et al, 2004) examined ethnic differences in adiposity in 2-20 year olds from the 1999 Health 

Survey for England, finding higher prevalence of obesity in Pakistani girls and higher 

prevalence of overweight in Indian and Pakistani boys than in whites, using international 

obesity taskforce centile charts (Cole et al 2000) to define overweight and obesity. Wardle’s 

London school-based study (Wardle et al, 2006) found that in boys aged 11 to 16 South 

Asians had slightly higher mean BMI and higher mean waist circumferences than whites (but 

not significant), South Asian girls had lower mean BMI and waist circumference than whites. 

In the previous wave of the Ten Towns study when the children were aged 8-11 South Asian 

children were found to have lower weight and ponderal index than white children and also to 

have higher mean insulin concentrations. Measures of central adiposity (waist: hip ratio, waist 

circumference) were not different. The relationship between adiposity and insulin 

concentrations (particularly fasting insulin) were stronger in South Asian than white children 

(Whincup et al, 2002). 

 

2.5 INDIVIDUAL DETERMINANTS OF INCREASED ADIPOSITY IN CHILDHOOD 

For the purposes of this study we will focus on individual determinants of adiposity in 

childhood. 

 

2.5.1 INTRODUCTION: INDIVIDUAL DETERMINANTS OF ADIPOSITY 

Increased adiposity in an individual fundamentally reflects a previous lifetime imbalance 

between energy intake and expenditure. Recent and previous dietary factors (particularly 

energy intake) and levels of energy expenditure are of particular potential importance. 

Physical activity levels in children and adolescents have been widely studied and have been 

linked to adiposity measures in adolescents in other studies. However, many other factors have 
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been related to the occurrence of increased adiposity at different stages of the life course. Of 

particular interest has been the role of exposures acting in early life. It has been suggested that 

foetal nutrition may influence long-term risks of adiposity and obesity. Early postnatal 

nutrition has been implicated, with the suggestion that breast feeding may offer long-term 

protection against overweight and obesity. Parental adiposity is also an important determinant 

of adiposity in offspring, though the contribution of inheritance and shared environment is 

debated. We will consider each of these in turn, focussing on physical activity, infant feeding 

and parental adiposity respectively. 

 

2.5.2 PHYSICAL ACTIVITY 

Exercise levels in young people are of interest as they present a behaviour pattern which may 

be amenable to change and hence may be an effective strategy in attempts to curb the national 

increase in young people’s obesity. It has been suggested that physical activity in young 

people in developed societies is decreasing, but it is hard to prove this as getting consistent 

data on children’s activity levels at different time points is difficult. A recent review (Dollman 

et al, 2005) attempted to gather the evidence, concluding that physical activity in clearly 

defined contexts such as active transport, school physical education and organised sport is 

declining in many countries. They also found that external factors such as school policies, 

parental concerns about safety and convenience, and the physical environment constrain 

young peoples’ activity. However there is little direct evidence that lack of physical activity 

leads to adiposity in young people. Most assessment of physical activity is based on 

questionnaires, which may be of limited validity (Treuth et al 2004, Welk et al, 2000). 

Difficulties in comparing studies are highlighted by Must (Must, Tybor 2005, review); 

particularly due to imprecise measurement of activity exposures. A distinction has to be made 

between physical activity (action) and fitness (ability of body to sustain physical activity); we 

will consider evidence on physical activity levels. 

2.5.2.1 Questionnaire-derived physical activity level and adiposity 

In the Health Surveys for England 2002 and 2006 no significant differences were seen in mean 

BMI between high, medium and low exercise groups in children aged 2-10 and 11-15; this 

exercise data was collected by questionnaire. In the AVENA study in Spain (2859 13-18 year 

olds) questionnaire-derived physical activity level was not related to adiposity, although level 
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of sedentary activity was positively related to both BMI and waist circumference in boys and 

to waist circumference in girls (Ortega et al, 2007). A regional Spanish study of 1068 children 

aged 7-12 years found associations between sum of skinfolds and physical activity level in 

boys (lower skinfolds with more activity), but not in girls, where the inactive group had higher 

skinfolds but levels of physical activity were not associated with skinfold differences (Ara I et 

al, 2007). In 2714 French 12 year olds structured physical activity level from questionnaire 

was associated with lower waist circumference in both boys and girls (Klein-Platat et al, 

2005). 

2.5.2.2 Accelerometer-derived physical activity level and adiposity 

In 224 7-10 year old school children in Northern Ireland physical activity was measured over 

4 days by accelerometer; higher levels of activity was found to be associated with lower BMI 

and waist circumference in boys but not in girls (Hussey et al, 2007). In children aged 9-15 in 

the European Youth Heart Study (from Estonia, Denmark and Portugal) physical activity data 

was collected by accelerometer. Lower BMI (genders combined) was seen in children taking 

higher levels of physical activity, but this trend was not significant, whereas the trend of lower 

sum of skinfolds was highly significant, trend for lower waist circumference was also 

significant (Andersen et al, 2006).  

2.5.2.3 Adiposity, physical activity level and possible cofounders 

Contemporary health behaviours that may affect adiposity include diet, physical inactivity, 

cigarette smoking and sleep patterns. Diet has been linked to increased levels of adiposity 

through passive overconsumption of high-fat containing foods (Blundell, King 1996), and 

intake of sugar-sweetened drinks (Reilly 2006). Cigarette smoking tends to lower BMI, with 

slight rise in BMI in those who quit (Rissanen et al, 1991). Sedentary behaviour (e.g. 

television viewing, computer games) is linked to increased adiposity in children, though 

evidence in adolescence is less clear (Must, Tybor 2005, review of 20 studies), possibly due to 

pubertal changes in body composition. It has been suggested that disturbed sleep patterns may 

also contribute to adiposity (Wells et al, 2008). All the above are to some degree 

interconnected, as certain behaviours may occur in tandem such as snacking whilst watching 

TV; therefore confounding is likely. Most studies linking physical activity with adiposity are 

cross-sectional, allowing observation of associations but not causality; it can not be clear 

whether inactivity or obesity comes first. In a review of 20 longitudinal studies the overall 
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conclusion was that increased activity levels are protective against relative weight and fatness 

gains over childhood and adolescence (Must, Tybor, 2005).  

 

2.5.3 EARLY LIFE EXPOSURES 

Early life exposures relate to the environment of the fetus and neonate that have been 

implicated as possible determinants of later morbidity, including adiposity and insulin 

resistance. Early life exposures may include birth weight, infant feeding and timing of 

‘adiposity rebound’, when the normal childhood drop in BMI reverses.  

2.5.3.1 Studies in adults 

Birth weight is related positively with adult BMI (Eriksson et al, 2003, Oken, Gillman 2003), 

and with fat-free mass acquisition (Kahn et al, 2000, Loos et al, 2001, Li H et al, 2003), and is 

not associated with raised insulin resistance and cardiovascular risk in adults (Eriksson et al, 

2001, 2003), except in infants of diabetic mothers (Rich-Edwards et al, 1999). There have also 

been studies which found low birthweight associated with greater adult adiposity (e.g.Law et 

al, 1992) but these also adjusted for adult BMI, possibly inappropriately. 

2.5.3.2 Studies in children 

In the ALSPAC (Avon) cohort study birth weight was positively linked to obesity (from BMI) 

at age 7 (OR 1.05) (Reilly et al, 2005). In another cohort of 5-11 year old children birth weight 

was related to both BMI and skinfolds (Duran-Tauleria et al, 1995). These direct relationships 

may not be carried through to adulthood, with cohort studies suggesting that obesity in 

childhood and particularly adolescence have more influence on adult obesity than obesity in 

infancy does; most obese adults were not obese as children (Power, Moynihan 1988). Twin 

studies found that intrauterine effects on birth weight did not have an enduring effect on 

adulthood weight and BMI, although height was influenced (Allison et al, 1995). 

Lower birth weight has been found to be linked to higher central deposition of fat 

(subscapular: triceps ratio) in adolescents ({boys}, Labayen et al, 2006, {girls} Barker M et al, 

1997), and adults (Valdez et al, 1994, Sachdev et al, 2005) and higher waist: hip ratio in adults 

(men, Law et al, 1992, women, Fall et al, 1995). The timing of adiposity rebound has been 

implicated, with early rebound (from age 2) increasing the likelihood of later adiposity 

(Bhargava et al, 2004, Wadsworth et al, 2005). ‘Catch-up’ growth, or ‘growth acceleration’ 

where infants cross rapidly upwards over weight centiles in the first few weeks or months of 
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life has also been implicated in later adverse effects including obesity (Baird J et al, 2005), 

higher body fat and waist circumference at 5 years (Ong KKL et al 2000) and higher systolic 

and diastolic blood pressure at age 25 (Ben-Shlomo Y et al, 2008). ‘Programming’ of the 

sympathetic nervous system may be implicated (Young JB, 2008). ‘Catch-up’ growth is seen 

more frequently in children who were small at birth and also is more pronounced with 

artificial (bottle) rather than breast feeding. Increased infant growth rate by a nutrient enriched 

diet, even for only a few weeks, has been suggested to have long-term adverse effects on 

blood pressure (Singhal A et al, 2001), insulin resistance (Singhal A et al, 2003), lipid profile 

(Singhal A et al, 2004) and leptin resistance (Singhal A et al, 2002). 

2.5.3.3 Breast feeding and adiposity 

It has been suggested that early life exposures are involved in the development of obesity 

(Kuh, Ben Shlomo 2004). Among these it has been suggested that breast feeding may have a 

protective effect, when compared with formula feeding. Several explanations for this have 

been postulated, including that breast-fed children learn to self-regulate calorie intake better 

(Birch et al, 1998); are less fussy eaters; that formula precipitates earlier fat deposition (Lucas 

et al, 1980 and 1981), and has lasting effects on glucose metabolism (Burns et al, 1998). Large 

studies have found differing effects of breastfeeding, some finding definite protective effects; 

Grummer-Strawn and Mei (2004) in a study of 177 304 US children, using health surveillance 

data, found a protective effect against overweight/obesity (BMI >95th centile on US charts) at 

age 4 in non-Hispanic white children only (OR for obesity with 6-12 months breastfeeding 

0.70). Studies in adolescents have also suggested protective effects, for example Gillman 

(Gillman et al, 2001) in a US cohort study of adult women, found that their 15,341 9-14 year 

old offspring had lower risk of obesity if breastfed (OR 0.78); duration of breastfeeding had no 

effect. Other studies in young children have found less clear associations; Hediger’s US study 

from NHANES III of 2685 US children aged 3-5 found a protective effect for overweight (OR 

0.63) but not obesity (OR 0.81, not significant) with ever having breastfed; duration of feeding 

made no difference to the results (Hediger et al, 2001).  

Recent systematic reviews of the published evidence have suggested that the association may 

be weaker than previously thought. A quantitative review of the evidence relating breast 

feeding to mean body mass index (BMI) through out life suggested that there was little or no 

relationship, particularly after adjustment for potential confounders including social class, 
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maternal adiposity and cigarette smoking (Owen et al, 2005a).Adjustment for maternal BMI 

alone halved the relationship seen (BMI from -0.11 to -0.05). Two other reviews examined 

infant feeding with risk of obesity; Arenz (Arenz et al, 2004) in childhood only, finding an 

adjusted odds ratio of 0.78 with any type or duration of breast feeding from 9 studies with 

69,000 participants; not all studies were adjusted for confounders. Owen (Owen et al, 2005b), 

considered obesity across the lifecourse (28 studies, 298 900 subjects), finding a pooled OR of 

0.87 for obesity with ever breast feeding, which was reduced to 0.93 in 6 studies that adjusted 

for the major confounding factors of parental BMI, maternal smoking and social class). 

Harder’s meta-analysis of 17 studies relating to duration of breast feeding and risk of obesity 

found a dose- dependent association, decreasing from OR of 0.81 at 1-3 months to 0.68 at over 

9 months’ breast feeding; however only eight studies adjusted for confounders, with only five 

adjusted for maternal weight. In all four reviews the presence of publication bias, residual or 

uncontrolled confounding could not be ruled out.  

Most existing evidence on the effects of breast feeding use body mass index as the outcome 

measure for assessing obesity. This has limitations, particularly in the assessment of central 

adiposity, which is strongly related to metabolic and cardiovascular risk. Two studies have 

recently reported on the relation of breast feeding to body fat measured by dual X-ray 

emission absorptiometry (DXA) in young people. Burdette examined 313 US children at age 

5; there were no differences in fat mass by breast feeding history (duration and ever vs never) 

(Burdette et al, 2006). Toschke examined 4325 UK children in the ALSPAC cohort study, 

finding reduction in trunk fat mass and total fat mass with duration of breast feeding, but these 

effects were greatly reduced by adjustment for confounders. The relationship between 

breastfeeding and adiposity (defined as trunk fat mass or total body mass in the top decile) 

were little altered by adjustment , having OR of 0.76 and 0.74 respectively (Toschke, et al 

2007).  

In conclusion breast feeding may have a small protective effect against adiposity but the effect 

is prone to confounding by maternal BMI in particular, as well as social status, smoking and 

possibly other factors; there is little evidence for a relationship with BMI per se. Other 

measures of adiposity with breast feeding have not been frequently studied. 
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2.5.4 FAMILIAL FACTORS 

These can encompass genetic and environmental effects and the interplay between them. We 

will describe the familial associations first and then the issue of the contribution of genes and 

environment. 

2.5.4.1 Parental BMI 

Studies of parental influence on offspring’s BMI have found evidence of increased adiposity 

in children with obese or overweight parents (HSE 2006, Reilly et al, 2005, Burke et al, 2001, 

Duran-Tauleria et al, 1995). Studies generally use child and parental BMI either as continuous 

variables, or to define overweight and obese groups which are then compared. Studies using 

other measures of adiposity are sparse. Reilly et al investigated risk factors for obesity (BMI 

above 95th centile) in British 7 year olds in the Avon longitudinal study cohort (8234 

children). The relationship of maternal obesity to child obesity (OR 4.25) was stronger than 

that of paternal obesity to child obesity (OR 2.54). Both parents obese had the strongest effect; 

giving an odds ratio of 10.44 for offspring obesity. The methodology was similar in the Health 

Survey for England 2006, with obesity in children aged 8-15 again defined as BMI above the 

95th centile on the national centile charts. Children were separated by gender for analysis, with 

maternal overweight/obesity having a greater effect on girls (OR for girls obesity 3.66) than 

boys (OR 2.18); and on both genders compared to paternal overweight/obesity (OR for girls 

obesity 1.35, OR for boys obesity 1.56 with fathers overweight/obesity). With both parents 

overweight/obese the OR for obesity was slightly higher in girls (OR 3.80) but not in boys 

(OR 1.56). 

Duran-Tauleria using data from the National Survey of Health and Growth in England and 

Scotland defined the highest quarter for weight-for-height of 5-11 year olds in their data 

population as overweight and found increased likelihood of children being in this group if 

their mother or father was obese (OR 1.90, 1.85 respectively) and even higher if both parents 

were obese (OR 3.48). When looking at child’s weight-for–height as a continuous variable, 

they found a 40% stronger effect of father’s BMI than mother’s (regression coefficient for 

mother’s BMI 0.049, father’s 0.068). Offspring’s sum of subscapular and triceps skinfold 

showed a similar pattern with parental BMI. Burke’s Australian study followed 219 9 year 

olds up to the age of 18, completing 3 yearly surveys of the children and their parents. 

Findings were that mother and father’s BMI significantly predicted offspring BMI, explaining 
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33% of BMI variance in sons and 48% in daughters. Overweight or obesity in parents was 

associated with higher offspring BMI, with daughters showing a stronger association with 

maternal than paternal overweight/obesity; in boys the effect was similar for either parent.  

Overall it appears that BMI in parents predicts offspring BMI, with possibly a stronger effect 

of paternal BMI. However when the analyses are done using overweight/ obesity as a 

categorical variable, the effect of maternal obesity/overweight appears to be stronger than that 

of paternal, particularly in girls. Obesity in both parents appears to have an additive effect on 

offspring risk of obesity. 

Longitudinal studies following the child to adulthood have found persisting associations 

between parental and child BMI as the child ages; Laitinen et al confirmed a relationship at 

ages 1yr, 14years and 31 years (Laitinen et al, 2001). Tracking has been shown to occur, with 

obese children more likely than reference population to remain obese into adult life. These 

children are also more likely to have obese parents. The odds of children with two obese 

parents being obese themselves at age 33 were 8.4 (boys) and 6.8 (girls), these were children 

from the 1958 British birth cohort; parental heights and weights were self-reported when the 

children were 11 years old (Lake et al, 1997).  

2.5.4.2 The developmental overnutrition hypothesis  

The developmental overnutrition hypothesis suggests that maternal overnutrition occurring 

during pregnancy (particularly denoted by a high maternal BMI at that time) would be related 

to adverse, metabolic consequences in the offspring.  Specifically, high maternal glucose, free 

fatty acid and plasma concentrations would lead to permanent changes in appetite control, 

neuroendocrine functioning or energy metabolism in the foetus, thus leading to greater 

adiposity and risk of obesity in later life (Lawlor DA et al, 2008).  This would thus link 

maternal and offspring BMI by mechanisms independent both of genetic effects and 

environmental effects operating during the postnatal life of the offspring. Studies have 

suggested greater effect of maternal than paternal BMI on offspring BMI (Lawlor et al, 2006, 

Lawlor DA et al, 2008).  However, more recent studies examining causal influences of 

maternal BMI on offspring health outcomes found no marked effect of maternal BMI during 

offspring development on offspring at age 9-11 years (Lawlor DA et al, 2008). 
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2.5.4.3 Genetic factors 

It is intuitive to expect some aspects of body size to be genetically determined, for example 

height and breadth of shoulders. Other tissues such as muscle and fat mass may have a genetic 

component but also reflect body habits. The rapid increases in obesity levels in the last two 

decades suggest primarily an environmental aetiology, but recent research suggests that 

genetic susceptibilities unmasked by environmental changes are an important feature. 

Twin studies suggest that 50% of between-individual variance in BMI (fat and lean mass) 

results from genetic factors (Allison et al, 1996), when other influences are excluded, whilst 

adoption studies show a strong relationship between the BMI of biological parents and 

adoptee, across the whole range of body fatness, but not adoptive parents (Stunkard et al, 

1986, 1990, Sorensen et al, 1989).  The substantial contribution of genetic factors to between-

individual variance in BMI is based on studies carried out within a single population at a 

single point in time, and is therefore separate from considerations of the balance of 

environmental and genetic influences on changes in BMI over time, or variations between 

populations.  There is also evidence of familial influence on body fat distribution (Borecki et 

al, 1995) i.e. whether fat is stored centrally or in the lower body, probably caused by a 

combination of genetic and environmental factors, eg food preferences (Francis et al, 2003).   

 

The identification of specific genes associated with obesity has proved difficult to date.  

Although genes associated with severe, rare monogenic forms of obesity have been identified 

(Farooqi and O’Rahilly 2006), it has been difficult to identify common gene variants related to 

common, polygenic obesity.  Earlier reports that common variants in GAD2, ENPP1  and 

INSIG2 genes are related to BMI variation have not been widely replicated (Frayling TM et al 

2007).  However, the results of recent genome-wide association studies are more encouraging.  

During  a genome-wide search for Type 2-diabetes susceptibility genes Frayling et al 

identified a common variant in the FTO (fat mass and obesity associated) gene that disposes to 

diabetes through an effect on BMI. The 16% of adults in the study who were homozygous for 

the risk allele weighed 3kg more and had a 1.67 fold increased odds of obesity when 

compared to those not inheriting a risk allele. This association was seen from 7 years upwards 

and reflected a specific increase in fat mass (Frayling TM et al 2007). Further exploration of 

this genetic variant is ongoing; recent findings suggest that it may have effects on food intake 
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and food type (Cecil JE et al 2008) and that it’s effect on body fat accumulation may be 

blunted by physical activity level (Rampersaud E et al, 2008, Andreasen CH et al, 2008). 

These findings may help to explain the interplay of genetic susceptibility and environmental 

change in the developed world that have led to recent rapid rises in obesity. 

The identification of genetic variants linked to population-wide variation in adiposity levels 

may in due course be of great use in clarifying the adverse outcomes of excess adiposity, when 

allied with the conceptual approaches of Mendelian randomization. Conventional 

observational epidemiological studies are subject to residual confounding from a variety of 

environmental and social factors.  However, in studies using genetic variants the Mendelian 

randomization provides in itself a naturally occurring version of a randomized controlled trial 

(Ebrahim S, Davey Smith G, 2008). One could say that instead of the environment being 

manipulated as in a conventional trial, it is the effect of the environment on the person that is 

altered, by their genetic makeup. With securely identified gene variants influencing adiposity, 

it will be possible to examine the causal nature of the associations between adiposity and both 

disease outcomes (e.g. type 2 diabetes, coronary heart disease) and risk factors (e.g. blood 

pressure, insulin resistance).  The difficulties with this approach include the need for large 

sample sizes, non-replication of findings and lack of functional genetic variants related to the 

pathway of interest (Ebrahim S, Davey Smith G, 2008).  

 

In conclusion; parental BMI / parental overweight and obesity appear to be a determinant of 

offspring BMI, through both genetic and environmental factors. Genetic variants may allow 

further understanding of outcomes of adiposity, through Mendelian randomization. Studies 

that compared other measures of child adiposity with adult BMI were not found. 

 

2.6 CONSEQUENCES OF OBESITY 

Excessive adiposity, which is increasingly common in the general population, has several 

well-documented adverse consequences in adults. Higher levels of adult adiposity show 

positive graded associations with risks of coronary heart disease and stroke, type 2 diabetes, 

osteoarthritis, gallbladder disease, sleep apnoea and respiratory complications and with several 

cancers, particularly those involving the endometrium, breast, and colon. Excessive adiposity 

is also associated with adverse psychological and social consequences. The relations with 
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coronary heart disease and stroke are at least partly accounted for by associations between 

excessive adiposity and increased levels of blood pressure and total and LDL cholesterol 

(Sorof, Daniels 2002). Increased adiposity is also strongly associated with insulin resistance, a 

precursor of type 2 diabetes, and with the metabolic syndrome, a combination of metabolic 

abnormalities associated both with risks of type 2 diabetes and cardiovascular disease (Larsson 

et al, 1984 {men}, Lapidus et al, 1984 {women}). These long term risks may apply to children 

through tracking of excess adiposity into adult life, which is particularly strong when the 

excess is severe, present at older ages, and is associated with parental obesity (Reilly et al, 

2003). Several reports, particularly from the Bogalusa Heart Study, have suggested that 

excessive adiposity in childhood may be directly related to adverse levels of cardiovascular 

risk factors in adult life (Bao et al, 1997, Smoak et al, 1987, Wattigney et al, 1995, Freedman 

et al, 2001). Moreover, several studies have suggested that adiposity in later childhood may be 

positively associated with later coronary heart disease (Baker et al, 2007, Willett et al, 1995) 

though few of these studies can separate the independent influence of childhood adiposity 

from continuing adiposity in adult life. 

 

2.6.1 ADVERSE PROFILE OF CARDIOVASCULAR FACTORS IN CHILDHOOD 

AND ADOLESCENCE WITH ADIPOSITY 

Childhood adiposity has strong short-term associations with less favourable levels of 

cardiovascular risk factors. Excess adiposity is associated with higher mean blood pressure, 

raised total and LDL cholesterol, triglycerides and low HDL levels (Freedman et al, 1999, 

Morrison et al, 1999a, b, Maffeis et al, 2001, Berenson et al, 1998). Prospective, long-term 

follow up studies suggest that obesity in childhood increases the risk of cardiovascular disease 

in later life; in the Bogalusa Heart study multiple cardiovascular risk factors (including SBP, 

fasting insulin and total cholesterol/HDL ratio) were shown to track through from childhood to 

teens or early adulthood. These patterns were strongest in the highest ponderal index tertile 

(Bao et al, 1994). Excess weight gain over childhood and adolescence has been shown to be 

more important than childhood weight per se (Sinaiko et al, 1999) i.e. when looking at young 

adults cardiovascular health the pattern in adolescence was more relevant than the weight at 

age 7.  
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Clinically, increasing numbers of young people are developing non-insulin dependent diabetes 

mellitus in association with adiposity (Ehtisham et al, 2000). In young people it is not so clear 

whether central adiposity is important in the development of insulin resistance as it is in 

adults; body fat distribution changes with puberty which may obscure the picture. In studies 

using body imaging (MRI or DEXA scan) in non-obese children insulin production and 

function was related to total body fat and subcutaneous abdominal fat (Goran, Gower 1998, 

Tessari et al, 1995); visceral fat was increased in some obese children, and if present was 

associated with insulin resistance. Others (Daniels et al, 1999) have found using DEXA scan 

that central adiposity in children is related more strongly than percent body fat to lipid profile 

(adverse lipid profile is an outcome of insulin resistance in adults; insulin levels were not 

reported in this study); blood pressure was most closely related to BMI, then central adiposity.   

There is also evidence that adiposity and obesity in children and adults are related directly to 

change in the structure and function of the arterial circulation, including early atherosclerosis 

(McGill et al, 2002) impaired endothelial function (Watts K et al, 2004 a and b) increased 

vascular resistance (Rocchini et al, 1992) and reduced arterial distensibility (Whincup et al, 

2005). As part of the Muscatine study children were followed up three times between the ages 

of 6-18 and 29-37; calcification of the coronary arteries, denoting established atherosclerotic 

disease was positively associated with childhood weight, after controlling for other risk factors 

(Mahoney et al, 1996). 

In summary there is evidence that in young people adiposity is associated with adverse change 

in the cardiovascular risk profile; general adiposity with raised blood pressure and increased 

fasting insulin, and obesity, particularly if associated with central obesity, with fasting insulin 

and insulin resistance. 

 

2.7 CONCLUSION 

Excess adiposity is increasing worldwide with increases in children reported to be particularly 

rapid. No one anthropometric measure is ideal for the assessment of adiposity; body mass 

index (weight/height2) is the measure that has been most commonly used and for which there 

are widely available standards but it gives no indication of body shape or proportion of lean 

and fat mass. Waist circumference cut-offs are used in adults to define a group at high 

cardiovascular risk but there is less evidence for the role of central adiposity measures in 
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children. Health consequences of excess adiposity in young people include adverse lipid 

profile, insulin resistance and type 2 diabetes, hypertension and damage to arterial structure 

and function. 

Adiposity in adults varies in a geographical pattern in Britain with higher levels of adiposity in 

the North and West. There is a lack of consistent evidence for these patterns in childhood. 

Adiposity also varies by social class and ethnic group in Britain with higher levels of excess 

adiposity in lower social classes and those of South Asian ethnic origin (particularly central 

body fat). These patterns seem to be emerging in studies of British adolescents. Individual 

determinants of adiposity include early life and familial factors. Breast feeding may have a 

small protective effect against excess adiposity (but does not influence mean BMI); the effect 

is prone to confounding, particularly by maternal BMI. Parental BMI / parental overweight 

and obesity appear to be a determinant of offspring BMI, through both genetic and 

environmental factors. Physical activity levels appear to be beneficially associated with 

adiposity levels depending upon method of collection of activity data and measure of adiposity 

used; little evidence of association with BMI was found. The issues raised in this review will 

be explored further in chapters 4-8. 
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CHAPTER 3: DESIGN AND METHODOLOGY OF THE TEN TOWNS STUDY 
 

3.0 SUMMARY 

This Chapter describes the methods of the Ten Towns Study, a mixed longitudinal, school 

based study of cardiovascular and respiratory health among children from ten towns in 

England and Wales.  The study consisted of a series of surveys in 1990 (in 5-7 year-olds), in 

1994 (in 8-11 year-olds) and in 1998-99 (in 13-16 year olds), each including some children 

who had taken part in the earlier surveys and some new children.  The Thesis is based on 

cross-sectional data from the 1998-9 survey in which detailed assessments of anthropometry, 

blood pressure, pubertal status were made and fasting blood samples analysed for glucose, 

insulin, blood lipids and other parameters.  Participant and parent questionnaires were 

completed and information on birth and infant growth records collected. 

 

3.1 INTRODUCTON: RATIONALE FOR THE TEN TOWNS STUDY

With the increasing evidence that the origins of cardiovascular disease lay in early life, the 

Ten Towns Studies were established in order to study whether there were systematic 

differences in the health of children living in areas of England and Wales with exceptionally 

high and exceptionally low rates of adult cardiovascular mortality (Whincup et al, 1992a, 

1996). The principal investigators in the Ten Towns Study are Professor Peter Whincup and 

Professor Derek Cook, both now based in the Department of Public Health Sciences, St 

George’s Hospital Medical School. To date, the Ten Towns Studies comprise three school-

based surveys. The first survey ran from January 1990 to July 1990 (Whincup et al, 1992a), 

and the second from April 1994 to November 1994 (Whincup et al 1996). The third survey, on 

which this thesis is based, ran from August 1998 to July 1999. The cohort of children were 

aged 5-7 years in the first survey, 8-11 in the second and 13-16 in the third. 

 

3.1.1 SELECTION OF THE TOWNS 

Ten population centres (50 000 to 100 000 people) in England and Wales were selected on the 

basis of adult cardiovascular mortality (England and Wales, 1979-83, for men and women 

aged 35-64 years) to include the five centres with the lowest adult cardiovascular mortality and 

the five with the highest.  One low mortality town that had already been involved in a similar 
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previous study, Guildford (Whincup et al, 1988) was excluded.  A second low mortality town, 

Cambridge, which had current extensive school research commitments, was excluded because 

the Education Authority refused to allow schools to participate.  The low mortality towns 

therefore included Esher, Leatherhead, Bath, Chelmsford and Tunbridge Wells.  All five of the 

high mortality towns initially identified ((Wigan, Rochdale, Burnley, Port Talbot, Rhondda) 

were included.  The geographic locations of the study towns are shown in Figure 3.1 

(Whincup et al, 1992a, 1996).  Table 3.1 summarises the standardised mortality ratios for 

cardiovascular disease in the study towns (varying by a factor of two between towns with high 

and low mortality). ).  Statistical power considerations involved in the selection of five high 

and five low mortality towns are addressed in Section 3.2.3.   

 

3.1.2 SELECTION OF THE SCHOOLS AND PARTICIPANTS 

For the first survey in 1990, a list of all the state primary schools in each town was obtained 

from the Local Education Authority and a random sample of ten schools, stratified by size and 

location (county primary schools only) and religious denomination (all schools), was chosen. 

All of the 100 schools originally invited agreed to take part. Two classes of children aged 

between 5 and 7.5 years from each school were randomly chosen, providing 50-60 children 

per school, all of whom were invited to participate. In the follow-up study in 1994 in each 

town the 10 junior schools corresponding to the 10 infant schools included in the earlier study 

were identified. Within each school the children who had taken part in the earlier study (30 on 

average) were invited, supplemented by a random sample of children (20 on average) from the 

same classes.  The 1998-99 study was based in the secondary schools attended by at least 10 

participants in the 1994 survey, on average 7 schools per town. All participants in the 1994 

study attending these schools (45 per school on average) were invited to attend together with 

new pupils from the same class groups (13 per school on average) to replace pupils lost to 

follow up.  Additional measurement sessions were held in which pupils surveyed in the earlier 

studies who attended other schools not being visited could participate. 
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3.1.3 STATISTICAL POWER CONSIDERATIONS 

By including ten towns; 5 high mortality, 5 low mortality; the study had an 80% power to 

detect a between-town difference of 2 standard deviations in any outcome measure at a P 

value of <0.05. 

It was anticipated that at least 2,500 individuals would participate in body build 

measurements, which would enable the detection of differences in any body build outcome 

measure of less than 0.25 standard deviations between the highest and lowest fifths of any 

exposure measure with 90% power at a P value of <0.05.  In addition, with more than 1,500 

individuals in the study with blood measurements, it would be possible to detect a difference 

of less than 0.3 standard deviations in any outcome between the highest and lowest fifths of 

any exposure measure with 90% power at a P value of <0.05. 

 

3.2 SURVEY PROCEDURES 1998-9 

Ethical approval was sought from the Ethics Advisory Committee of the Royal College of 

Paediatrics and Child Health. Approval was also sought from the local research ethics 

committee covering each town and from all relevant local education authorities.  All subjects 

were invited to participate by a letter directed to the subject and his/her parent or carer. 

Information about the earlier studies and their results was also included, to encourage ongoing 

participation and to provide feedback. Informed written consent for study participation was 

sought from all the parents and children prior to the study. 

 

All measurements were made between August 1998 and July 1999. The ten towns were visited 

in five pairs, each pair including one low mortality and one high mortality town. The pairing 

served to limit the effect of measurement drift and seasonal effects on comparisons between 

high and low mortality towns. The surveys within each town were conducted during a two 

week period; each pair of towns was normally surveyed within six weeks. Each school was 

visited for between one and four days, depending on the size of the school and number of 

study pupils attending.  Children were ranked by age within each school; the older children 

measured were asked to have physical measurements and to provide a fasting blood sample; 

younger children were asked to have physical measurements only. The older children, who 
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had blood sampling, were surveyed in the morning after an overnight fast and the younger 

children in the late morning or early afternoon. The field team was made up of five members. 

A receptionist welcomed pupils, administered the pupil questionnaire and supervised the 

snacks given out after blood sampling. Three research nurses carried out the physical 

measurements and exercise testing and a research doctor did the blood sampling. Bioelectric 

impedance measurements were carried out either by the survey doctor (in the case of children 

providing a blood sample) or by a survey nurse (in the case of children not providing a blood 

sample).  Each nurse carried out about one third of physical measurements in each town. 

During the course of the year there were two replacements of school nurses and also a change 

in receptionist.  

Observers underwent formal training in the measurement of anthropometric measurements, 

which included demonstrations of all techniques.  They then practised the measurements under 

supervision, to ensure that techniques used were appropriate.   During pilot studies, all 

observers then made measurements in a group of 10 subjects in rotation, to ensure that mean 

values of each anthropometric measurements made by each observer differed by less than 5%.  

Observer techniques were then monitored regularly in the field by the supervising investigator.  

The overall mean values of anthropometric observations recorded by different observers were 

monitored on a town-by-town basis.   

 

3.2.1 PHYSICAL MEASUREMENTS 

Children were examined whilst dressed in light, ‘indoor’ clothing without shoes. 

3.2.1.1 Height and weight 

Height was measured to the last complete millimetre with a portable stadiometer (CMS, 

Camden).  Weight was measured to the last complete 0.1 kg with a digital electronic weighing 

scale (Soehnle). 

3.2.1.2 Waist and Hip circumference 

Waist circumference was measured at the end of normal expiration at the mid-point between 

the iliac crest and the lower edge of the ribs in the mid-axillary line, with the child standing 

with feet one foot apart.  Hip circumference was measured at the point of maximum 

circumference over the buttocks. 
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3.2.1.3 Skinfold measurements 

Triceps, biceps, subscapular and suprailiac skinfolds were measured in accordance with the 

methods of Durnin and Rahaman. (Durnin, Rahaman, 1967). 

The right side of the body was used. In each case the skinfold was grasped gently but firmly 

and calipers applied immediately below fingers, the reading being taken as soon as the caliper 

stabilized. Landmarks were as follows: 

Triceps skinfold:  With the elbow flexed at 90 degrees, the length of the upper arm (between 

the olecranon process and the acromial process) was measured with a steel tape measure and 

the midpoint identified and marked at half of the length.  The skinfold was then taken at this 

point posteriorly, with the arm pendant. 

Subscapular skinfold:  This was measured immediately below the tip of the scapula, at 45° to 

vertical. 

Biceps skinfold:  The mid-point of the upper arm was identified as for triceps above. Biceps 

skinfold was then taken at this point anteriorly, with the arm pendant and supinated. 

Suprailiac skinfold:  This was taken immediately above the iliac crest in the mid-axillary 

line, above a vertical fold of skin. 

3.2.1.4 Bioimpedance measurement 

Bioimpedance measurement was performed using the Bodystat 500 in accordance with the 

manufacturer’s instructions, using the left side of the body. This measurement involves 

passing an alternating current between electrodes on the hand and foot. The impedance of the 

body reflects the relative amounts of conducting material (i.e. intra-and extra-cellular water) 

compared to insulating material (i.e. fat). The pupil had to lie down supine, with arms 

pronated, palms flat on the couch. Crucially there had to be no contact between limbs e.g., 

hand must not touch thigh, or legs be in contact with each other as this would allow the current 

to short-circuit and invalidate the reading. The body fat percentage is then calculated from the 

bioelectric impedance value produced using equations, (see statistical methods section below). 

3.2.1.5 Blood Pressure 

BP measurements were made with the child sitting quietly after 5 minutes rest. Two readings 

were taken one minute apart using a Dinamap 1846SX oscillometric blood pressure recorder 

(Critikon, United States) on the right arm, which was supported at chest level (Ramsey 1979). 

Upper arm circumference was measured at the mid-point, with the arm pendant, using a steel 
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tape measure.  If the child’s arm circumference was less than 28cm then the small adult cuff 

size (cuff bladder dimensions 22 cm x 10 cm) was used. If greater than 28cm then the standard 

adult cuff was used, thereby ensuring that the minimum cuff bladder width to arm 

circumference ratio of 40% recommended by the American Heart Association (Frohlich et al, 

1988) was met for the study population. Room temperature was measured at the time of blood 

pressure measurement with an RS electronic thermometer. The Dinamap systematically 

records SBP about 8mm Hg higher than a mercury sphygmomanometer, but diastolic readings 

are virtually identical (Whincup et al. 1992c). 

3.2.1.6 Standardization of measurement equipment over time 

Field procedures were regularly reviewed by the Principal Investigator.  All measurement 

equipment was checked daily.  The scales were checked and calibrated using standard weights 

before the study and every three months.  Skinfold calipers and bioimpedance monitors were 

checked every three months by the suppliers.  There was no evidence of any measurement 

drift in any of the measurements made. 

 

3.2.2 BLOOD SAMPLING 

Blood samples were taken after an overnight fast, after physical measurements (including BP) 

were completed, and at least 30 minutes after the administration of local anaesthetic skin 

cream (EMLA or Ametop). All children were offered breakfast after the procedure. Blood 

samples were centrifuged, separated, and frozen at -20°C within eight hours of collection. All 

analyses were carried out in a central laboratory (Department of Clinical Biochemistry, Royal 

Free Hospital School of Medicine). Plasma glucose concentration (fluoride-oxalate sample) 

was measured using the method of Trinder (Trinder 1969) and a Falcor 600 automated 

analyser (Menarini).  Plasma total cholesterol and HDL-cholesterol were measured using the 

methods of Siedel (Siedel et al 1983) and Sugiuchi (Sugiuchi et al 1995) respectively using a 

Hitachi 747 automated analyser.  All reagents were supplied by Roche Diagnostics. Plasma 

LDL-cholesterol was calculated from HDL- and total cholesterol using standard equations 

(Friedewald et al 1972).  Serum insulin was measured at the Department of Diabetes, 

University of Newcastle-on-Tyne using an ELISA assay which does not cross-react with 

proinsulin (Andersen L et al 1993).  
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3.2.3 EXERCISE TESTING/ SPIROMETRY 

Following blood testing and physical measurements children were given an exercise test on a 

stationary exercise bike. Pre- and post-test spirometry was also performed. This data is not 

used in this thesis and is not detailed further here. 

 

3.2.4 HANDLING OF ABNORMAL BLOOD PRESSURE RESULTS 

For the purposes of this study abnormally high readings were defined as an average SBP equal 

to or greater than 140mmHg and/or average DBP equal to or greater than 90mmHg in 

accordance with British Hypertension Society guidelines of 1993 and 1999 (Ramsay et al, 

1999, Sever et al, 1993). The height and weight of the child were recorded and the project 

leader was informed of the names and details of these children. He then contacted parents to 

seek their agreement to pass on information to their General Practitioner.  

For cholesterol measurements the recommendations of the British Hyperlipidaemia Society 

were followed. If the total cholesterol value was 6.7 mmol/l or above, a letter was written to 

parents explaining that their child’s cholesterol level was high and should be rechecked. 

Permission was sought from the parent to write to the child’s family doctor with details of the 

blood lipid results. 

 

3.2.5 OTHER INFORMATION 

Ethnic group was assessed on the basis of the child’s appearance into five main groupings 

(white, African-Caribbean, Asian, Oriental, other). In the current report ethnic groups were 

analyzed as white and Asian and combined other group; the numbers in the combined group 

were small; results for white and Asian groups only are presented here. 
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3.3 QUESTIONNAIRE INFORMATION 

Information was collected from both children and parents via questionnaire. 

3.3.1 PUPIL QUESTIONNAIRE 

Pupils completed a questionnaire on the day of the study, with support from the research team 

if needed. This questionnaire (see Appendix B) sought information about participant date of 

birth, medications, respiratory symptoms, allergies/atopy, smoking and drinking. It included 

enquiries about physical activity and sedentary activities (e.g. TV watching), and parental 

occupation, to allow ascertainment of social class if the parental questionnaire was not 

returned (see 3.3.1 above and Chapter 5). There were also questions about educational aims 

and the Strengths and Difficulties Questionnaire (Goodman 1997). Details of the source of the 

questions used in this thesis and their validation are shown in Table 3.2. Wherever possible 

standard questions were used. Where this was not the case we developed the questions and 

tested them in the pilot before use in the main study. 

 

3.3.2 PARENTAL QUESTIONNAIRE 

A reply-paid, self-administered questionnaire was sent to the parents of the participants on the 

day of the physical measurements. If parents failed to return this questionnaire up to two 

reminder letters, which included a shortened version of the questionnaire, were sent. The 

parental questionnaire (Questionnaire ‘WQRS99’ –see Appendix A) covered details of the 

child’s date of birth, child’s medical history, food frequency table and questions about the 

child’s activity level. There were detailed questions about respiratory symptoms (important for 

the exercise testing part of the study) and about the wider family. These included family 

health, parental education and employment, car ownership and details about family 

accommodation. If the child was new to the study (Questionnaire ‘YQRS99’) there were 

additional questions about birth weight, gestation, whether a singleton birth and early feeding.  

For these children the final page of the parent questionnaire asked for the child’s place of birth 

and for consent to examine the birth record. For children who had participated in earlier 

surveys in 1990 or 1994 this information was already available, from the use of similar 

questions. The parental questionnaire was piloted in the London schools which we visited 

before the start of the main study to check that the questions were understood and the 

consistency of responses. Details of the source of the questions used for this thesis and their 
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validation are given in Table 3.2. Social class was coded from parental occupation in 

accordance with the registrar general’s (ONS) 1990 coding manual. In accordance with ONS 

practice, social class of the head of household was used, based on the occupation of the father 

when present; if absent then mother’s social class was used. 

 

3.3.3 PUBERTAL STATUS 

Self-assessment questionnaires were developed using simple line drawings based on Tanner 

developmental stages, using penile/scrotal size and pubic hair growth for boys, breast size and 

pubic hair in girls. These questionnaires were completed in privacy. Girls were also asked 

whether they had started their periods and, if so, their age (years and months) at the first 

period.  The questionnaires were validated against direct inspection by a trained observer in a 

Paediatric Endocrinology clinic (Taylor SJ et al 2001). A copy of the questionnaire is found at 

Appendix C.   

 

3.4 THE DATASETS USED IN THIS THESIS 

This thesis uses data from the 1998-99 survey. Figure 3.2 gives a diagrammatic view of the 

main study data sets. 

 

3.5 DERIVED BODY BUILD AND BODY COMPOSITION MEASURES 

Body mass index was calculated for each child.  Body mass index = W / H2 where W = weight 

(kg), H = height (m).  Body mass index was is a widely used measure of weight-for-height.  

Bioimpedance measurement was converted to give fat free mass and thus a fat percentage 

using the generic equation of Deurenberg et al (1990a) which was based on a study of 246 

children/young adults, aged 7-25, (school-and college-pupils) and used body fat percentage 

derived from densitometry from underwater weighing as the reference point to develop the 

bioimpedance equation in addition to anthropometric measurements. 

The equation is applicable to both sexes, ‘all ages’, the formula is: 

Fat Free mass = 0.438 x 104 x (height2/biompedance measure) + (0.308 x weight) + 1.6 (if 

male) + (7.04 x height) - 8.5. 

These equations produced body fat percentages which were highly correlated with BMI and 

log sum skinfolds (see Chapter 4). Fat percentages produced using this and alternative 
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equations (Houtkooper LB et al 1992, Deurenberg et al 1991) were closely related (correlation 

0.94-0.99).  

 

3.6 STATISTICAL METHODS 

All data were analysed using the SAS system statistical software package (SAS Institute, 

North Carolina, USA). Multiple linear regression (proc GLM procedure) was used to adjust 

relationships between variables for structural (e.g. room temperature, town, observer) and 

confounding (e.g. pubertal status, age) effects. Mean values of covariates of interest (e.g. BMI 

by town) were simultaneously adjusted for potential confounding variables (e.g. age) by using 

the SAS least squares means procedure (proc LS means). Using the LS means function the 

potential confounding variables were treated as categorical variables e.g. sex or as continuous 

variables e.g. age as in the other analyses using multiple linear regression. Each individual’s 

potential confounding variables are adjusted to the mean within each category or distribution. 

For each subject the date of birth and date of examination were entered as day, month and year 

using the SAS date function. These two dates were used to generate the subject’s age at 

examination. Models included adjustment for sex and observer (where appropriate) as 

categorical variables and age as a continuous variable, except where stated otherwise. Further 

adjustments are made for town, ethnicity and pubertal status (all categorical variables), where 

appropriate, from Chapter 5 onwards. Observer, social class and ethnic group (where used) 

were fitted as dummy variables to minimise the effect of unequal distribution of subjects in 

these groups. Tests for gender interaction were carried out where indicated; for example for 

body mass index , testing for interaction between gender and social class, the following SAS 

formula  was used (brackets added for clarity):  

proc glm; class (sex); 

model (body mass index) = (sex) (social class) (sex*social class) / solution.  

In generic terms this can represented as: 

Y = A + B1X1 + B2X2 + (B1X1 * B2X2) + error. 

Additional adjustments for age, pubertal status and town were included, not shown here. 

Comparisons of high and low mortality towns were carried out on a paired basis by applying 

paired t tests on 4df where necessary. This analysis took variations within as well as between 

towns in each factor into account.  Paired analyses were used to minimise the effects of 
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measurement drift, seasonal factors, and the change in average age.  All differences have been 

represented as high mortality town minus low mortality town. Body mass index and some 

other variables were included both as continuous variables and at times as fifths (dividing 

subjects into fifths of the distribution, for descriptive purposes). 

The strength of any associations seen in all results were commented on both in terms of the 

magnitude of the effect and also in terms of p-values.  When used to denote significance of 

results, p-value of 0.05 was used as the cut-off, in line with common convention. P value of 

<0.05 indicates that the association seen has less than 5% likelihood of happening by chance 

and is likely to reflect a genuine association (although not necessarily causal). This is 

described as ‘significant’. Associations that have a p-value greater than 0.05 may also be 

genuine associations, but have not been demonstrated to achieve conventional statistical 

significance in this study. 
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Figure 3. 1: Map showing location of study towns. 
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Figure 3. 2 The relationship between the different Ten Towns data sets. 

ONLY THE 1998/9 DATASET IS USED IN THIS THESIS 
 

Children 
measured 
in 1990 

Children 
measured 
in 1994 

Children 
measured 
in 1998/9 

Longitudinal 
dataset measured 
in 1990, 1994 & 
1998/9
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Table 3. 1: Cardiovascular mortality, infant mortality, and prevalence of low birth 
weight in 10 study towns 
 
Area Survey pair Standardised 

mortality ratio 
for 
cardiovascular 
disease * 

Infant 
mortality 
1000/year # 
(No. of deaths) 

Prevalence 
(%) of low 
birth weight 
<2500g# (No. 
of births) 

Low mortality 
Esher 1 64 7.2 (46) 6.3 (6469) 
Chelmsford 2 71 8.2 (90) 5.7 (11050) 
Leatherhead 3 70 7.1 (34) 6.1 (4819) 
Bath 4 75 9.0 (123) 6.3 (13794) 
Tunbridge 
Wells 

5 71 7.7 (49) 6.2 (6373) 

Mean (low)  70 7.8 6.1 
High mortality 
Wigan 1 140 8.4 (105) 7.3 (12537) 
Port Talbot 2 143 5.0 (22) 5.7 (4421) 
Burnley 3 131 14.9 (150) 7.9 (10356) 
Rochdale 4 136 10.8 (103) 8.4 (9662) 
Rhondda 5 138 10.7 (34) 9.2 (5421) 
Mean (high)  138 10.0 7.7 
 
 
*Based on deaths in men and women aged 35-64 years in England and Wales 1979-83. 
#Based on years 1983-5. Source: OPCS Monitor (DH3 series). 
 
(Table from Whincup PH et al 1996) 
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Table 3. 2: Origins and validation of questions in parental (Appendix A) and pupil 
(Appendix B) questionnaires used in this thesis. 
 
 
Question number/s Area covered by 

question 
Source of question Comment on 

validation 
5.0 Parental Dietary habits/ food 

frequency 
Created by 
investigators 

Used in earlier 
studies 

6.0, 6.1 Parental 
8.10, 8.11 Child 

Physical activity Strazzullo P et al. Leisure time physical 
activity and blood pressure in school 
children American Journal of 
Epidemiology, 1988;127:726-33 
Also used in 1994 survey. 

8.1-8.9 Child Physical activity Created by 
investigators 

Pilotted for 
consistency of 
responses 

9.0 Child Television, video 
and computer games

Created by 
investigators 

Pilotted for 
consistency of 
responses 

10.0-10.5, 13.0-13.5 
Parental 

Parental 
occupation/Social 
class 

Based on 1991 
census 
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CHAPTER 4: BODY SIZE AND ADIPOSITY IN 13-16 YEAR OLDS RELATIONS TO 

AGE, GENDER AND PUBERTAL STATUS 

 

4.0 SUMMARY POINTS 

• Data are presented on the patterns of body size and adiposity in a school-based cross-

sectional survey of 2645 British children aged 12.7 to 16.4 years (1235 girls and 1410 

boys). 

• Anthropometric measures included height, weight, four individual skinfold thicknesses 

and waist and hip circumferences. Bioelectric impedance measurements were also 

obtained. A full set of measurements were obtained on 1197 girls and 1370 boys. 

• Derived measures of adiposity (body mass index, waist: hip ratio, sum of skinfolds and 

body fat percent from bioimpedance) were calculated, using standard formulae. These 

derived measures were then compared with each other and the basic anthropometrical 

measurements. 

• The distributions of height and body fat percent were normally distributed.  Weight, 

body mass index, individual skinfolds and the sum of four skinfolds, waist 

circumference and waist: hip ratio all showed marked right skew which was improved 

by log transformation (used in future analyses).  

• Observer variation was present for all body size measures except height, weight and 

BMI. These differences persisted after adjustment for age and gender.  

• Gender had a significant effect on body size and adiposity variables: boys were taller, 

heavier and had higher central adiposity measures than girls (waist circumference, 

WHR, STR). Girls had slightly higher general adiposity measures, including body 

mass index, sum of skinfolds and percent body fat (from bioimpedance), roughly a 

third higher than boys. BMI alone did not convey the extent of these gender 

differences. 

• Age was strongly and statistically significantly related to body size and general 

adiposity measures. Height, weight and BMI all increase with age, between 12.7 and 

16.4 years boys’ height increase of over 20cm is double that in girls. Similarly boys’ 

weight increased 20kg and girls 15kg. BMI increased in both genders to over 20 with 

increasing age, girls BMI slightly higher than boys. Body fat percent from 
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bioimpedance and sum of skinfolds tended to increase with age in girls and decrease in 

boys. Of the central measures of adiposity waist circumference increased with 

increasing age in years but waist: hip ratio decreased. STR increased in boys but did 

not change in girls. 

• There were strong and highly statistically significant increases in height, weight and 

BMI with increasing pubertal score in both genders. With increasing pubertal score, 

sum of skinfolds and percent body fat declined in boys but increased in girls; these 

were all statistically significant changes. Adjustment for age only reduced these 

changes by up to a third; they remained highly statistically significant. 

• Waist circumference increased in both genders with increasing pubertal score. Waist: 

hip ratio and subscapular: triceps ratio remained unchanged in girls, whilst in boys 

waist: hip ratio decreased and subscapular: triceps ratio increased. These effects 

remained after adjustment for age. 

• Intercorrelations of adiposity measurements were strongest for general adiposity 

measures (BMI, weight, skinfolds, bioimpedance) and for waist circumference in both 

sexes; other central measures of adiposity did not correlate highly with each other. 

• Comparison with the proposed international standards for obesity in childhood (Cole et 

al 2000) showed that almost 25% of boys and girls in the Ten Towns study were 

overweight, with approxiamately 10% being severely overweight or obese. Participants 

also showed higher than expected waist circumference measurements. These findings 

are in line with contemporaneous national and international trends and raise concerns 

about future health effects. 

 

4.1 INTRODUCTION AND OBJECTIVES  

In this chapter the distributions and interrelations of markers of body size and adiposity in 13-

16 year old British school children in the Ten Towns Study are presented, and their relations 

to gender, observer, age, and pubertal stage. In the final section of this chapter there is a 

comparison of our study population with the proposed international standards of adiposity, 

compiled in 1999, from international data collected in the years 1963-1993 (Cole et al 2000). 

The specific objectives for this chapter are: 
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• To explore the characteristics and distribution of anthropometric measures including 

height, weight, body mass index, waist and hip circumferences, waist: hip ratio, sum of 

skinfolds, and body fat percentage from bioimpedance (Section 4.3.1), and to decide 

suitable transformations prior to statistical analysis. 

• To examine the effect of observer on the body size and adiposity measurements and to 

adjust for observer in subsequent analyses if necessary (Section 4.3.2). 

• To examine the relationship between gender and the different measures of body size 

and adiposity (Section 4.3.3) and to adjust subsequent analyses if necessary.  

• To examine the relationship between age and the different measures of body size and 

adiposity (Section 4.3.4), and to adjust subsequent analyses if necessary. 

• To examine the relationship between pubertal status and the different measures of body 

size and adiposity (Section 4.3.5) and to adjust subsequent analyses if necessary. 

• To examine the interrelationships of the different measures of body size and adiposity 

(Section 4.3.6) both before and after adjustment for age. 

• To compare the body mass index distribution of the Ten Towns children with 

international data used to compile proposed international BMI charts, to examine the 

proportions of obese children in the study population (Section 4.3.7). 

 

4.2 SUBJECTS AND METHODS

This study is based on the findings from a school-based survey carried out in ten towns in 

England and Wales in 1998-99. Detailed information on subjects and methods and all 

measuring techniques are included in Chapter 3. 

 

4.2.1 STATISTICAL METHODS 

All data were analysed using the SAS system statistical software package (SAS Institute, 

North Carolina, USA). SAS GCHART;HBAR command was used to produce basic 

histograms of variables, with set midpoints to allow ease of plotting. Multiple logistical 

regression was performed to obtain least squared means. Dummy variables were created and 

used for categorical variables where appropriate. Correlations were carried out using the 

PROC CORR procedure. 
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4.3 RESULTS 

Following invitation, in total 2645 subjects took part in the study (66% response rate) and had 

anthropometric measurements, of these 1410 were boys and 1235 were girls. Complete 

anthropometric measurements were made in 2567 subjects, 1370 boys and 1197 girls (97% of 

participants) (Table 4.1).  

 

4.3.1 EXPLORATION OF THE CHARACTERISTICS AND DISTRIBUTION OF 

BODY SIZE AND ADIPOSITY MEASURES  

The distributions of the anthropometric measurements are displayed in Figures 4.1 to 4.8, for 

each gender separately. The distributions of height (figure 4.1) and body fat percent from 

bioimpedance (Figure 4.5) showed normal distributions. Weight, body mass index, sum of 

skinfold measurements, waist circumference and waist: hip ratio showed marked right skew 

(figures 4.2-4.4, 4.6, and 4.7). Log transformation helped to normalise these distributions 

(figures 4.2a -4.7a), which were log transformed in subsequent analysis. Subscapular:triceps 

ratio (figure 4.8) showed some right skew which was changed to left skew by log 

transformation (figure 4.8a); the variable was left unlogged in analyses. 

 

4.3.2 EFFECT OF OBSERVER ON THE BODY SIZE MEASUREMENTS 

Six of nine observers involved in the study made physical measurements (all except observers 

5,6 and 7). As shown in table 4.2, observer 3 took the highest number of physical 

measurements (930), followed by observers 2 (652), 1 (425), 9 (290) and 8 (262). Mean levels 

of anthropometric measurements made by each observer are shown in Table 4.2. There were 

significant differences (all p<0.005) between observers for every variable except weight, 

height and BMI. These differences persisted after adjustment for age and gender. Subsequent 

analyses will include adjustment for observer where appropriate. For body fat percent from 

bioimpedance it was decided not to adjust for observer as the participant groups studied by the 

different observers were not similar. This was due to the study design, as the bioimpedance 

was measured in older children (having blood tests) by the study doctor in the morning and by 

study nurses in younger children in the afternoon. Observer 4 (study doctor) took 1114 

bioimpedance measurements, followed by observer 3(574), 2(316), 1(237), 8(174) and 9(152). 
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4.3.3 EFFECT OF GENDER ON THE BODY SIZE MEASUREMENTS 

The distributions of anthropometric measurements in each gender are shown in Figures 4.1 to 

4.8 and the mean (or geometric mean) values for each gender are shown in Table 4.3. Gender 

was related to all adiposity variables (p for sex difference < 0.0001), Table 4.3. Boys were on 

average taller and heavier than girls, and had a greater waist circumference, waist: hip ratio 

and subscapular: triceps ratio. Girls had larger body mass index, hip circumference, sum of 

skinfolds and total body fat percentage (from bioimpedance, and reflected in sum of 

skinfolds). Subsequent analyses will therefore be carried out separately for boys and girls or 

will be adjusted for gender, as appropriate. 

 

4.3.4 EFFECT OF AGE ON THE BODY SIZE MEASUREMENTS 

The age range of participants was 12.6 to 16.4 years. 95.6% of participants were aged between 

13.0 and 16.0 years, with 21 aged under 13.0 and 93 aged over 16.0.  

 

4.3.4.1 Age and general adiposity measures 

Of the general measures of body size and adiposity, height, weight and BMI all showed 

significant increases with increasing age in years (P<0.0001, Table 4.4). From a similar 

starting point at age 12 of around 154-155cm average height, boys average height rose about 

20cm to 175cm, whilst girls rose about 10-11 cm to 165 cm. Boys’ weight increased about 

20kg from 45kg to over 65kg and girls’ increased 15kg, from 45kg to around 60kg. BMI 

increased from 18.8 to 21.6 in boys and 18.8 to 22.2 in girls. 

 

Body fat percent from bioimpedance increased with age in girls and sum of skinfolds 

decreased with age in boys. For boys sum of skinfolds decreased from 42.9 to 38.9, (p=0.02), 

whilst for girls it increased from 50.9 to 57.2 between the ages of 12 and 16, but this trend was 

not strongly graded and was not statistically significant (p=0.3). Percent body fat in boys 

showed no consistent pattern with age (p=0.7). For girls, percent body fat increased with age 

between 12 and 16 from 30.7 to 33.6 (p trend<0.0001).  

4.3.4.2 Age and central adiposity measures 

Of the central measures of adiposity waist: hip ratio decreased with increasing age, from 0.82 

to 0.78 in boys (p trend =0.0003) and from 0.75 to 0.73 in girls (p trend=0.004). Waist 
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circumference showed significant increases with increasing age in years (P<0.0001), as did 

STR in boys, from 0.60 to 0.85, p<0.0001. STR in girls showed no association with age. 

Adjusting for pubertal status reduced the size of some of the changes seen with age but they 

remained strongly significant. 

 

4.3.5 RELATIONS OF PUBERTAL STAGE TO BODY SIZE AND ADIPOSITY 

MEASUREMENTS 

Pubertal staging was ascertained by self-administered questionnaire, as detailed in Chapter 3.  

5-10% of children assessed themselves as in early puberty (up to Tanner stage 2), with a few 

individuals pre-pubertal. The remaining participants were evenly divided between Tanner 

stages 3, 4 and 5 of puberty; 5 representing maturity. Roughly 30% of children were in each of 

these categories. 

Table 4.5 shows correlations of the individual pubertal staging questions with adiposity 

measures. 

For boys, both pubertal status questions 1 (gonadal development) and 2 (pubic hair) were 

correlated with age (r = 0.27, 0.22 respectively), and height (0.33, 0.38). For girls the first 

question (breast development) was correlated with age and BMI (r = 0.20, 0.25 respectively) 

and the second question was correlated with age and height (r = 0.22, 0.16 respectively). All 

these correlations were statistically significant (p<0.05). For further analyses a pubertal stage 

score was defined, based on the sum of scores for the two questions in each gender. Scores 

were grouped as 2, 3-4, 5-6, 7-8 and 9-10. These grouped scores broadly equate with Tanner 

stages 1 to 5 respectively. Since only one subject (a boy) had a score of 2 (Tanner stage 1), 

this category was omitted from the table. Table 4.6 shows the difference in body size and both 

general and central adiposity measures across increased pubertal stages for boys and girls for a 

combined pubertal stage score. 

4.3.5.1 Pubertal stage, body size and general adiposity measures 

In univariate analyses in boys and girls, there were highly significant increases in height, 

weight and BMI with increasing pubertal score in both genders. In boys sum of skinfolds and 

percent body fat declined and in girls they increased; these were all statistically significant 

changes. Boys’ mean height increased by 19cm from Tanner score 2 to 5, from 154.5 to 173.4 

cm. Girls’ height increased from 155.7 to 162.4, almost 7cm increase. Equivalent figures for 
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weight are; boys 47.5kg to 62.6kg, girls 47.7kg to 58.0kg. BMI increased in boys by 2.9% per 

pubertal score increase, from 19.9 to 20.9 and 4.6% per score increase in girls, from 19.7 to 

22.0. Body fat percent from bioimpedance decreased by 1.0 in boys per pubertal score, body 

fat percent was 26.1 at pubertal stage 2 and 21.6 at pubertal stage 5. In girls this variable 

showed an increase from 30.6 at stage 3 to 33.0 at stage 5, an increase overall of 0.8 per 

increase in Tanner stage. Sum of skinfolds in boys went from 49.4 to 39.0 a 4.4% decrease per 

Tanner stage change, and in girls from 52.3 to 62.2, an 8.3% increase per Tanner. The changes 

in sum of skinfolds and body fat percent from bioimpedance were all significant, p<0.0001, 

except sum of skinfolds in boys, p=0.003. 

 

4.3.5.2 Pubertal stage and central adiposity measures

Waist circumference increased in both genders with increasing pubertal score. Waist: hip ratio 

and subscapular: triceps ratio remained unchanged in girls, whilst in boys waist: hip ratio 

decreased and subscapular: triceps ratio increased significantly with increasing Tanner score. 

Waist circumference increased from 69.8 to 72.8 in boys a 2.2% increase per Tanner stage and 

from 65.6 to 69.3 in girls, 2.1% per stage. Waist: hip ratio in boys was 0.81 at stage 2 Tanner 

score and 0.78 at stage 5, a 1% decrease per stage. Subscapular: triceps ratio increased from 

2.04 to 2.35 in boys, 5.1% increase per Tanner stage. 

 

4.3.5.3 Effect of age adjustment on relationships seen between pubertal stage and 

adiposity measures 

Analyses were repeated with additional adjustment for age, as it was important to separate 

these changes with pubertal stage from the effect of age. Adjusting for age did not 

significantly alter the relationships seen between pubertal stage and adiposity measures (the 

regression coefficients are shown in the right hand column of Table 4.6 and 4.7). The size of 

the increases in height, weight and BMI in both boys and girls were reduced by up to a third 

by adjusting for age, but remained significant.  Pubertal stage changes for sum of skinfolds 

and body fat percent from bioimpedance showed small alterations following additional age 

adjustment but remained significant in both genders. 

Waist circumference in boys and girls and subscapular: triceps ratio in boys both showed a 

small reduction in pubertal stage change for these variables after age adjustment, but remained 
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significant. Adjusting for age had very little effect on the pubertal stage reduction in waist: hip 

ratio in boys. Waist: hip ratio and subscapular: triceps ratio remained unrelated to pubertal 

stage in girls after age adjustment. 

 

4.3.6 THE INTERRELATIONSHIPS OF DIFFERENT MEASURES OF ADIPOSITY 

Correlations of the different measures of adiposity were computed separately for boys and 

girls, in view of the significant gender differences described above. The correlations of 

anthropometry measures are shown in Tables 4.8 and 4.9. There were strong correlations 

between BMI and weight, waist circumference, skinfolds and body fat percent 

(bioimpedance), for both boys and girls (0.7-0.9). Waist: hip ratio was less strongly correlated 

to these measures, being most closely correlated to waist circumference (0.65), then to BMI 

(0.4). The relationships between BMI and these measures is also shown in scatterplots in 

Figure 4.11. Subscapular: triceps ratio is has the weakest correlations to other adiposity 

measures. Adjusting for age did not make any marked changes in the correlations, adjusted 

values are shown in tables 4.8 and 4.9 {in brackets}. 

 

Skinfolds can be difficult to measure accurately; especially in the very obese. To explore this 

in the Ten Towns children, sum of skinfolds was divided into fifths of the distribution and the 

fifths were then correlated separately with adiposity variables (Table 4.10). Adiposity 

variables known to be highly correlated with skinfolds were used. Conversely to expectation, 

the correlations were found to be highest in the extremes of the distribution. This was true for 

both sexes. In the mid range where the results lie close together the correlations are weakest. 

The same pattern was present but not so strongly for fifths of BMI (Table 4.11). 

 

4.3.7 COMPARISON OF THE TEN TOWNS STUDY CHILDREN WITH PROPOSED 

INTERNATIONAL STANDARDS FOR OBESITY 

There is international agreement that an adult BMI of 30kg/m2 or above defines adult obesity 

(WHO 1997). Similarly an adult BMI of 25kg/m2 or above is often used to represent 

overweight. International standards for obesity in childhood have been proposed (Cole et al 

2000), using data from a number of countries to produce centiles that pass through BMI of 25 

or 30 at age 18, thus allowing some definition of overweight and obesity at other ages in 
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childhood. Our data were compared with these international centiles (represented for boys in 

Figure 4.9 and Table 4.12 and for girls in Figure 4.10 and Table 4.13). Tables 4.12 and 4.13 

present the BMI centiles for boys and girls in the Ten Towns study by age in years and also 

the international centile values for BMI that define overweight and obesity at each age in 

years. It can be seen that the ten towns 75th centile is nearest to the BMI 25 (overweight) 

centile in both genders ie about 25% of the ten towns children are overweight and about 10% 

are obese, as the ten towns 90th centile is nearest to the BMI 30 (obese) centile. This is shown 

figuratively in Figures 4.9 and 4.10. The UK population data that contributed to the 

international centiles was collected in 1978-90 and was also used to create UK national BMI 

centiles (Cole et al 1995). Comparison with these charts shows that in both genders the Ten 

Towns study children’s 50th centile for BMI approximates to the 75th centile on the charts 

(data not shown). In girls the prevalence of obesity appeared greater at age 15 than 16; this 

was not so clearly the case in boys. 

 

4.4 DISCUSSION OF RESULTS 

4.4.1 PRINCIPAL FINDINGS 

Girls had higher mean levels of general adiposity markers, including slightly higher body mass 

index and  appreciably higher values for sum of skinfolds and percent body fat (from 

bioimpedance), roughly a third higher than boys; these results suggest that total body fat was 

higher in girls. In contrast, boys were taller, heavier and had higher central adiposity measures 

than girls (waist circumference, waist: hip ratio, subscapular: triceps ratio). Age and pubertal 

stage had similar, independent effects on height, weight and BMI, all increased with age and 

pubertal stage. In boys sum of skinfolds and percent body fat declined with increasing age and 

pubertal stage and in girls they increased; these changes were more strongly related to pubertal 

stage than age. Of the central measures of adiposity, waist circumference was higher at older 

ages and pubertal stages in both genders whilst waist: hip ratio was lower or unchanged. 

Subscapular: triceps ratio increased in boys with age and pubertal stage but did not change in 

girls. General adiposity measures (BMI, weight, skinfolds, percent body fat from 

bioimpedance) and waist circumference were strongly intercorrelated in both sexes. Other 

measures of central adiposity did not correlate highly with each other. Comparison with the 

proposed international standards for obesity in childhood (Cole et al, 2000) showed that 

 73



almost 25% of boys and girls in the Ten Towns study were overweight, with around 10% 

being severely overweight or obese. 

 

4.4.2 STRENGTHS AND WEAKNESSES OF THE STUDY 

A major strength of this study is the use of a comprehensive range of easily conducted, non-

invasive adiposity measures, designed to investigate the presence of both general and central 

adiposity. This enabled us to investigate the presence of an association not just with total body 

fatness but with abdominal fat. However, it was not possible to include gold-standard 

measures of adiposity (e.g. DXA scanning, magnetic resonance imaging). Measurements of 

thigh and calf skinfolds, which have recently been recommended as significantly enhancing 

estimation of percent body fat (Eston et al, 2005), were also not available. The study relied on 

self-assessment for pubertal status which was piloted prior to the main study and shown to be 

accurate in a clinic population (Taylor et al, 2001). However, its validity in a general 

population has not been assessed. Ascertainment of this sensitive information, even using a 

secret ‘ballot box’ behind a screen, was incomplete. Unfortunately 6% of boys spoilt their 

papers, resulting in loss of some subjects from elements of the analysis. 

 

4.4.3 RELATION OF FINDINGS TO OTHER STUDIES 

4.4.3.1 Body size measurements 

The greater mean heights and weights observed in boys compared with girls are entirely 

expected, as in the standard UK Growth charts (Wright et al 2002). They are comparable to 

findings in the 2002 Health Survey for England for the ages 13, 14 and 15 (our groups aged 12 

and 16 were smaller therefore less reliable). Although boys were heavier than girls, their BMI 

remained a little lower than girls at 12-16 (as their height increase was much greater); our 

findings were similar to HSE 2002 in this respect as well although their values for BMI were a 

little higher. The difference in height between boys and girls goes from girls being taller 

(+0.7cm) at 14 to boys being 10cm taller by age 15, reflecting dramatic pubertal changes. 

Similar changes were seen in a detailed study of Spanish adolescents in 1995; with boys 6cm 

taller at 14.5 years. (Moreno et al, 2001). There are parallel changes in body composition, with 

males gaining lean mass (as shown by increasing BMI) but skinfolds decreasing suggesting 

lower subcutaneous fat; overall body fat percent in boys did not change significantly. Possibly 
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this reflects gains in intra-abdominal fat as boys move to an adult male habitus. Certainly there 

are increases in both waist circumference and subscapular triceps ratio, theoretically reflecting 

central distribution of adiposity, although confusingly waist: hip ratio decreases; possibly 

reflecting higher gluteal muscle mass and lower abdominal subcutaneous fat. In girls the 

change in BMI is less dramatic, with skinfolds and body fat percent also increasing a little 

although there is no evidence of increasing centrality of fat distribution. These direction of 

these findings are similar to those of Moreno et al, (2007) in work on skinfolds and waist and 

hip circumferences in Spanish adolescents aged 13-18.5 years; although in both sexes the 

Spanish adolescents had higher waist circumferences and subscapular: triceps ratio. Body fat 

percent from bioimpedance gives high mean values for girls in our study; between 30 and 34% 

at ages 12-16. Proposed cut offs for excess body fat per cent in adolescent girls range between 

30 and 35%, therefore almost half of the study girls were in the excess fat category. For boys 

cut offs range between 25 and 30% for 10-15 years olds and 20-25% for 15-18 year olds 

(Sardinha et al, 1999, Taylor et al, 2002, 2003, Weststrate 1989). It would be helpful to 

calculate body fat percent from skinfolds for comparison; however recent work in Spain in 

adolescents found that few of the equations used for this were reliable when cross-validated by 

Dexa scan (Rodríguez et al, 2005). Thigh and calf skinfold were not measured in our study, 

limiting calculation of body fat percent from skinfolds to those equations using sum of 4 

skinfolds and therefore direct comparison with the Spanish results, using sum of 6 skinfolds is 

not possible. Their calculated (skinfold) body fat percentages for 13-18 year olds in 2000-2002 

were noticeably lower than our bioimpedance derived body fat percentages; Spanish boys 

maximum 20.8% and girls maximum 26.3% (Moreno et al, 2006), our boys maximum 24.7% 

and girls 33.6%. Using sum of 4 skinfolds and the equations of Durnin and Rahaman (1967) 

our boys (maximum 22.2%) and girls (maximum 30.0%) still have higher body fat 

percentages; our children’s BMI also tended to be a little higher; taken together there is the 

suggestion of greater adiposity in our study population than in Spanish children, although they 

had greater central fat distribution (Moreno et al, 2007), possibly illustrating ethnic differences 

in adiposity which will be explored further in chapter 5.   

Comparison of our study population with a cross-sectional study of 9 and 15 year old 

Australian children in 1985 is interesting; this study aimed to define obesity by biological 

endpoint; using systolic blood pressure and dyslipoproteinaemia to dichotomise the body fat 
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distribution, calculating body fat percent from the equations of Durnin and Rahaman using 

four skinfolds (Dwyer, Blizzard 1996). Their conclusion was to propose a cut off range of 17-

20% body fat in boys and 29-35% in girls, beyond the upper limits of these ranges the trend 

was towards higher SBP and lower HDL-cholesterol ie increasing cardiovascular risk. 

Calculating our 15 year olds’ body fat percent by this method gives means of 29.6% in girls 

and 19.7% in boys; over 10% of girls had more than 35% body fat and almost half the boys 

had 20% body fat; the higher cut offs of 25% and 30% in boys equated roughly to the 75th and 

90th percentiles of the distribution (data not shown). So depending which cut offs are used up 

to half our study population had excess, undesirable fat levels.  

Values for waist circumference were quite high in the study population; see further discussion 

under time trends section 4.5.3.3 below. 

 

4.4.3.2 The interrelationships of different measures of adiposity 

BMI, skinfolds, body fat percentage from bioimpedance and waist circumference were all 

similarly correlated in our study, in both genders, seeming to represent in that sense general 

adiposity. Correlation of BMI with sum of skinfolds of 0.81 was similar to the finding of 0.70-

0.85 between the ages of 7 and 15 years by Lazarus (Lazarus et al, 1996). Sum of skinfolds 

were the most highly correlated to bioimpedance-derived body fat % in boys and just less so 

than BMI in girls (0.73 in boys, 0.79 in girls); however Rodríguez et al, (2005) found that 

most skinfold-thickness equations (to derive body fat percent) had poor accuracy at the 

individual level, making it more difficult to use skinfolds to identify those with ‘risk 

associated’ obesity and to present this in a meaningful way. To this extent adding skinfolds to 

BMI assessment adds value in epidemiological studies but perhaps not so much in clinical 

settings, particularly as with skinfolds there is much greater observer variation. However there 

mat be a role for skinfolds in assessing the extremes of the BMI distribution ie in specialist 

clinical settings; this suggestion is supported by the following findings. 

It might be expected that the correlations between skinfolds and other measures would be 

lowest in subjects with particularly high skinfold thickness as skinfolds can be difficult to 

measure accurately; especially in the very obese.  However this was not seen when fifths of 

the skinfold distribution were correlated separately with adiposity variables (Table 4.10). 

Adiposity variables known to be highly correlated with skinfolds were used.  Conversely to 
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expectation, the correlations were found to be highest in the extremes of the distribution. This 

was true for both sexes, and may reflect the difficulty in getting highly accurate skinfold 

measurements whatever the body shape. In the mid range where the results lie close together 

the correlations are weakest. The same pattern was present but not so strongly for fifths of 

BMI (Table 4.11). Perhaps it can be concluded from this that in clinical work skinfolds may be 

helpful in the very lean (or obese) in discriminating fat mass from lean mass; with increasing 

muscle mass and decreasing fat mass BMI may not change but skinfold thickness would. 

Putative markers of central adiposity, unlike those of general adiposity, did not correlate 

closely with each other as a group. Waist: hip ratio and subscapular: triceps ratio correlated 

more weakly than waist circumference with the measures of general adiposity. Subscapular: 

triceps ratio showed a negative relationship with sum of skinfolds and waist: hip ratio in boys; 

this may be due to confounding by puberty, as subscapular: triceps ratio increased with 

pubertal stage in boys and skinfolds sum and waist: hip ratio decreased. Baumgartner found a 

similar increase in subscapular: triceps ratio with pubertal changes in US males aged 7-30 

(Baumgartner et al, 1986). Similar results were also obtained in 15 year old Australian school 

children, in whom a strong negative correlation between subscapular: triceps ratio and 

skinfold-derived body fat percent of -0.22, (p<0.0001) was observed in boys, with no 

relationship in girls. (No significant correlation was found between subscapular: triceps ratio 

and BMI or waist: hip ratio in girls or boys) (Dwyer et al, 1996). Assuming for arguments’ 

sake that subscapular:triceps ratio genuinely represents central (truncal) obesity it can be seen 

that in adolescent boys whose subcutaneous fat is decreasing due to pubertal changes there 

may be false reassurance from skinfolds; measures of central adiposity in addition seem to be 

warranted. The validity of waist circumference in this age group to reflect central fat has been 

investigated by DEXA scan (Brambilla et al, 2006, reviewing studies 1992-2004; Benfield et 

al, 2008) both concluding that waist circumference predicts two-thirds of the variation in intra-

abdominal adipose tissue. I could not find similar evidence for subscapular: triceps ratio; to 

this extent it is difficult to be confident as to its usefulness in this age group. Waist 

circumference is more highly correlated than WHR to the other adiposity measures and is 

positively correlated to height, significantly so in boys, whereas in both sexes WHR is 

significantly negatively correlated to height. I would conclude that waist circumference may 

well be the best measure of central adiposity; particularly in girls. However, it is possible that 
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standardizing waist circumference for body size, particularly for height, may help to increase 

its precision. Waist: height ratio has been proposed as an alternative central measure; more 

work needs to be done on this. BMI is also not completely height-independent in this age 

group.  

 

4.4.3.3 Time trends: Comparison of the ten towns children with proposed international 

standards for obesity (BMI) and reference values from other studies 

Comparison of the Ten Towns Study population with earlier reference populations is possible 

both for body mass index and waist circumference. Comparison of the Ten Towns study 

population with external standards revealed higher levels of adiposity than expected in the 

study children, in keeping with increasing levels of adiposity in British children and raising 

concerns about future health effects. When comparing body mass index in the study 

population with proposed international centiles (based on children from US, UK, Singapore, 

Hong Kong, Brazil and the Netherlands) for boys the 75th centile for the study population ran 

just below the international 90th centile, and the girls’ 75th centile mostly overlay the 

international 90th centile, meaning that at least double the number of children expected were 

above the ‘overweight’ centile ie 20%-25% rather than 10%. Similarly the study’s 90th centile 

for both sexes lay between the international 90th (‘overweight’) and 99th (‘obese’) centiles and 

the study’s 99th centile for both sexes was well above the international 99th centile. 

Unequivocally the number of obese and overweight children in the study population was 

higher than expected when compared to international standards, with roughly 5% obese and 

20% overweight. This appeared more marked in older age groups, particularly in girls. 

A similar result is obtained by plotting mean BMI at each age in years (from Table 4.4) on to 
the Child Growth Foundation BMI charts, compiled by Cole et al (1995). The study 
population means lie on the 75th centile of these growth charts, which were produced using 
British children’s measurements collected between 1978 and 1990, illustrating that the 
increase in adiposity in British children was well established 10 years ago when the study data 
were collected. The upswing at age 16 in both sexes in the higher study centiles (Figure 4.9, 
4.10) may reflect the impact of lifestyle habits once the pubertal growth spurt has ceased, but 
must be viewed with caution in light of smaller study numbers in this age group. The finding 
of roughly 20% overweight and 5% obese in study children can be compared to similar results 
of the Health Survey for England 2002, which found that using the International classification 
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over a fifth of boys (21.8%) and over a quarter of girls (27.5%) aged 2-15 were either 
overweight or obese. 

In the study population our 50th centile figures for waist circumference at ages 12-16 were 
higher than McCarthy’s published figures, based on British children measured 10 years earlier 
in 1988 (McCarthy et al, 2001). Our 50th centile figures are nearly those of McCarthy’s 75th 
centile, in both boys and girls, with greatest differences in younger boys and 16 year old girls 
(almost on McCarthy’s 90th centile). This suggests a proportionately greater increase in central 
compared to general adiposity in our study population, as 50th centile for study population 
BMI did not reach the international (or British chart) 75th centiles. This evidence of increasing 
centrality is consistent with findings in other studies in adolescents in developed countries 
(McCarthy et al 2003, Moreno et al 2005, Rudolf et al 2004, Li C et al 2006).  

 

4.5 CONCLUSIONS AND IMPLICATIONS FOR AETIOLOGY AND PREVENTION 

The results suggest that general adiposity in adolescents is relatively easy to define, with a 

cluster of variables including body mass index, sum of skinfolds and bioimpedance which are 

strongly clustered together. In contrast, putative markers of central adiposity (waist 

circumference, waist hip ratio, subscapular-triceps ratio) are less consistently inter-related, 

suggesting that these markers are measuring somewhat different properties. 

In this study population, girls had higher levels of total body fat, a pattern consistent with the 

higher prevalences of obesity (based on markers of total body fat) generally observed in 

females from adolescence onwards. In contrast, boys had higher levels of markers of all the 

main putative markers of central adiposity, with higher waist, waist: hip ratio and subscapular: 

triceps ratio. 

A striking feature of the results is the evidence provided by comparison with previous studies, 

suggesting that the distributions both of average body mass index and waist circumference 

have increased, with associated increases in the prevalence of overweight subjects. Assuming 

that these higher levels of body mass index and waist circumference persist with increasing 

age, this is likely to have important adverse implications. The increased development of 

overweight and obesity is likely to lead to a higher prevalence of overweight and obesity in 

adult life. The earlier accumulation of excess weight gain may well also lead to more severe 
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degrees of overweight and obesity in adult life. Both are likely to be associated with increased 

risks of chronic disease, particularly cardiovascular disease, type 2 diabetes and arthritis. Also 

potentially important is the likelihood that overweight and obesity of increased duration, 

starting from childhood and adolescence and persisting into adult life, will be a prominent 

feature in the next generation. If the duration as well as the degree of overweight and obesity 

is important for the development of chronic disease risk, this could further increase the 

adverse consequences. Evidence suggests that duration of obesity is particularly likely to be 

important for the development of type 2 diabetes risk (Wannamethee et al 1999); evidence that 

duration of obesity affects cardiovascular disease risk is less clear.
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Figure 4. 1: Height distribution 
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Figure 4. 2: Weight distribution 
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Figure 4.2a Log (weight) distribution 
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Figure 4. 3: Body Mass Index (BMI) distribution (single value of 42 omitted, boy) 
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Figure 4.3a Log (BMI) distribution 
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Figure 4. 4: Sum of Skinfolds distribution 
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Figure 4.4a Log (sum of skinfolds) distribution 
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Figure 4. 5: Body fat % (from bioimpedance) distribution 
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Figure 4. 6: Waist circumference distribution 
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Figure 4.6a Log (waist circumference) distribution 
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Figure 4. 7: Waist : Hip Ratio distribution 
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Nb. Outlier values at 1.2, 1.3 (girls) and 1.325 (boy) omitted from plot. 
 
 
Figure 4.7a Log (waist hip ratio) distribution 
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Nb. Outlier values at 0.2, 0.25 (girls) and 0.3 (boy) omitted from plot. 
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Figure 4. 8: Subscapular:triceps ratio distribution 
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Figure 4.8a Log subscapular:triceps ratio distribution 
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Figure 4. 9: Centiles of Ten Towns data for boys showing comparison to proposed 
international cut offs for overweight and obesity 
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Figure 4. 10: Centiles of Ten Towns data for girls showing comparison to proposed 
international cut offs for overweight and obesity 
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Table 4. 1: Numbers of children with body size and adiposity measures 
diposity measures are not log transformed in this table 

Subjects Range De

A
 
Variable Number of Mean Median Interquartile Standard 

viation 
Age 2645 14.82 14.81 0.94 0.65 
Height 2645 165.66 .20 11.70 .49 165 8
Weight 55.8 14.15 2640 57.5 11.95 
Body mass 
index (BMI) 

2640 20.87  4.06 .62 20.15 3

Triceps 
skinfold 

2616 15.68 14.00 10.60 7.68 

Biceps skinfold 2617 7.72 6.20 5.00 .74 4
Subscapula
skinfold 

r 2599 11.55 9.40 6.60 6.23 

Suprailiac 2567 17.60 15.80 12.40 8.36 
skinfold 
Body fat % 

 

6.50 11.87 7.46 
from 
Bioimpedance

2570 2 26.87 

Waist 
circumference 

2644 69.93 5 .71 68.20 9.5 8

Hip 
circumference 

2644 92.07 91.30 9.90 8.19 

Waist:h
ratio (WHR) 

ip 0.76 2644 0.76 0.07 0.06 
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Table 4. 2:  Relation of observer to body size and adiposity variables 
 

Mean adiposity for each observer no. 
(SE) 

P value After adj After ad
for age 

j for 
age and 
gender 

Adiposity 
ariable 

2 3 4** 5    

v

1 6 

No. of childr
easured 

en 
m
(skinfolds) 

425 262   652 930   290  

No. of chi
measured 

ldren 237 174 152   

(bioimpedance)

316 574 1114  

Height(cm)+ 166.2 
) 

166.2 165.7  164.4 
(0.5

164.8 
) 

0.01 0.98  
(0.4 (0.3) (0.3) ) (0.5

Weight(kg)* 56.27 54. 0.003   57.28 56.52  21 55.85  0.22 

BMI (kg/m2)* 20.43 20.65  20.12  20.80 20.63 0.045 0.12 

Waist* 69
circumference 

.76 67.90 69.40  70.32 71.66 <0.0001 <0.0001 <0.0001 

Hip* 
circumfere

91
nce 

.93  90. 0 <0.0001  <0.0001 90.92 91.93 59 93.5 <0.0001

Waist: hip 0.759 0.7 0.0001  <0.0001 0.747 0.755  76 0.766 < <0.0001
ratio* 

Sum of 
skinfolds 
(mm)* 

48.58 41.55 49.88  43.73 50.41 <0.0001 <0.0001 <0.0001 

Subscapular: 
triceps ratio + 

0.65 
(0.01) 

0.84 
(0.01)

0.76 
(0.01)

 0.80 
(0.01)

0.83 
(0.01) 

<0.0001 <0.0001 <0.0001 

+ Mean values are presented with standard errors.  

*Variables log transformed for analysis. Geometric means are presented.  

** Study doctor. 
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Table 4. 3: Gender differences in body size and adiposity measurements, adjusted for age 
and observer. LS means are presented. 
 

 MALE 
Mean (std. err) 

EMAL
 

p
d

 
F
Mean (std. err)

E  (no sex 
ifference) 

Number of 
subjects with all 
measurement

 

s 

1370 1197 

Age (years) 
 

1  (0.01 86 (0 04.85 ) 14. .01) .78 

Height (cm) 
 

1 5 (0.2 .94 (  <0.0001 68.8 0) 161 0.22)

Weight * 57.41 54.89 <0.0001 
Body mass index 
(kg/m2) * 

20.20 20.96 <0.0001 

 
Sum of s
 

kinfolds * 39.50 56.90 <0.0001 

Body fat p
from bioim

erc
pe

5 0 <ent 
dance 

21.76 (0.1 ) 31.99 ( .16) 0.0001 

Waist 
circumference * 

<71.51 68.01 0.0001 

Hip circ
* 

umfe  90.73 93.30 <0.0001 rence

Waist : hip ra 0.788 0.729 <0.0001 tio 
(WHR) * 
Subscapular :
triceps ratio 

0.812 (0.006) <0.0001  0.736 (0.006) 

* analysed as log (variable) 
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Table 4. 4: Relation of age (years) to body size and adiposity variables 

Mean for each age group (years) 

Shown as Boys Girls 

Variable 

12  16 

Increase in 
re per 

ye I) 

p value 

13 14 15
measu

ar (95% C

Height(cm)+ 154

154

7

161

0.4)

.3)

1

1

6.4(

2(

<0.0001 

.0001 

.8 (2.7) 

.3 (1.8) 

161.3 (0.7)

159.6 (0.6)

16 .0 (0.3)

.7 (0.3)

172.7 (

162.7 (0

75.7 (1.2) 

65.6(1.0) 2.

5.7 to 7.0)  

1.7 to 2.7) <0

Weight(kg)* 44.

44.

55.

54.

6

6

.8
14.1

1%

 
01 

9 51.4 

7 53.5 

1 60.9 

4 55.8 

6.6 11

0.3 
4.

%(10.1 to <0.0001
) <0.00

(2.5 to 5.7) 

BMI (kg/m2)* 18.8 

18.8 

19.8 

21.0 

19.8 

20.9 

20.7 

21.1 

21.6 

22.2 

3.6%(2.3 to 4.9) 

1.4%(0.2 to 2.8) 

<0.0001 
0.05 

Sum of 
skinfolds 
(mm)*^ 

42.9 

50.9 

42.3 

59.1 

39.1 

56.5 

38.8 

58.4 

38.9 

57.2 

-4.1%(-0.6 to-8.1)

1.7%(-1.4 to 4.9)

0.02 

0.3 

Body fat % 
from 
bioimpedance + 

24.7 (2.0) 

30.7 (1.5) 

22.3(0.5) 

31.2(0.5) 

21.3(0.2) 

31.5(0.2) 

22.1(0.3) 

32.7(0.2) 

22.8 (0.8) 

33.6 (0.8) 

0.08 (-0.04 to 0.6)

0.95 (0.54 to 
1.36) 

0.7 

<0.0001 

Waist*^ 
circumference 

67.8 

63.4 

69.7 

67.8 

70.5 

67.8 

73.0 

68.0 

75.2 

72.3 

2.8%(1.9 to 3.7) 

0.9%(-0.1 to 1.9)

<0.0001 
0.07 

Waist: hip 
ratio*^ 

0.82 

0.75 

0.80 

0.74 

0.79 

0.73 

0.78 

0.73 

0.78 

0.74 

-0.9%(-0.4 to-1.4)

-0.9%(-0.3to -1.4)

0.0003  

0.004 

Subscapular: 

triceps ratio 

0.60(0.08) 

0.73(0.06) 

0.74 (0.02)

0.76 (0.02)

0.79 (0.01)

0.73 (0.01)

0.85 (0.01)

0.73(0.01) 

0.95 (0.03) 

0.78 (0.03) 

0.07(0.05to0.09) 

-0.01(0.01to-
0.03) 

<0.0001 

0.23 

+ Mean values are presented with standard errors. Increases in adiposity measures per year are presented in 
absolute values. 

* Variables log transformed for analysis. Geometric means are presented. Increases in adiposity measures per 
year are presented as percentage values. 

Adjusted for gender throughout,  ^ Adjusted for observer in addition
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T
 

able 4. 5: Highest Cor taging  (  

 GIRLS 

relations of pubertal s  questions p values)

BOYS 
 Puberty 

question 1 
(penile/testicular 
development) 

Puberty 
question 2 
(pubic hair 
distribution) 

rty 
 

Pub
que
(pubic hair 
distribution) 

Pube
question 1
(breast 
development) 

erty 
stion 2 

AGE 0.27 (<0.0001) 0.22 (<0  .20 (<0.00 1) 0.22 (<0.0001) .0001) 0 0
HEIGHT 0.38 (<0.0001) 0.33 (<0.0001) 0.08 (0.004) 0.16 (<0.0001) 
LOG BMI .0 .0 <0.00 70.06 (0 01) 0.09 (0 01) 0.25 ( 01) 0.0  (0.01) 
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Table 4. 6: Relat y diposity in
 
 Pubertal stage score 

(approximate equivalent Tanner 
stage) 

ubertal 
e 

p value  

after adj 
r age 

 CI) 

ions of pubertal stage score to bod  size and a

Increase 
in 
measure 

er 

 boys 

Remaining
increase 

p
p
stag
(95%CI) 

fo
(95%

BOYS  3-4 (2) 5-6 (3) 7-8 (4) 9-10 
(5) 

  

Height 154.5 
(1.1) (0.5) (0.6) (0.3) 

163.1 168.6 173.4 5.52 
(5.01-
6.03) 

<0.0001 4.26 (3.75-
4.77) 

Weight* 47.5 51.3 57.2 62.6 10.0% 
(8.6%-

)11.4%  

<0.0001 7.4% (6.0%-
8.9%) 

BMI* 19.9 19.4 20.2 20.9 2.9% 
(1.8%-

) 3.9%

0.0004 2.0% (0.9%-
3.2%) 

Sum of 
skinfolds* 

49.4 41.7 38.7 39.0 -4.4% 
1.5%--

(-

7.1%) 

0.003 -3.9% (-
0.8%--
6.8%) 

Body fat % 
from 
bioimpedance+ 

(0.7) (0.4) (0.3) (0.3) ) 
26.1 22.9 21.2 21.6 -0.8 (-

0.4--1.2
<0.0001 -1.0 (-0.6--

1.4) 

Waist 
circumference* 

01 69.8 69.1 70.8 72.8 2.2% 
(1.4%-
2.9%) 

<0.00 1.5% (0.7%-
2.3%) 

Waist: Hip 
ratio* 

0.814    01 

1.3%) 

0.793 0.785 0.781 -1% (-
0.6%--
1.4%) 

<0.00 -0.9% (-
0.4%--

Subscapular:tri
ceps ratio+ 

2.04 2.11 2.23 2.35 5.1% <0.0001 3.2% (1.5
(3.5%-

%-
4.9%) 

6.8%) 
+ Mean values are presented with standard errors. Increases in adiposity measures per stage 
re presented in absolute values. 

* Variables log transformed for analysis. Geometric means are presented. Increases in 
adiposity measures per stage are presented as percentage values. 

a



 

Table 4. 7: Relations of pubertal stage score to body size and adiposity in girls 
 
 Pubertal stage score 

(approximate equ anner 
stage) 

nc  
in 
measure 
per 
pubertal 
stage 
(95%CI) 

 ain
s

after adj 
for age
(95% CI) 

ivalent T
I rease p value Rem

increa
ing 

e 

 

GIRLS 3-4 (2) 9
(

   5-6 (3) 7-8 (4) -10 
5) 

Height 155.7 
(1.5) 

 162.5 
(0.3) 

162.4 
(0.3) 

1.0 
(0.51-
1.4

<0.0001 0.54 (0.29-
1.03) 

160.8
(0.4) 

8) 
Weight* 47.7 51.8 55.1 5 5.9

(4.5%-
7.4

<0.0001 5.2% (3.7%-
6.7%) 

8.0 % 

%) 
BMI* 19.7 2 4.6

(3.
6.0

 4.5% (3.1%-
) 

20.1 20.9 2.0 % 
3%-
%) 

<0.0001
5.7%

Sum of 
skinfolds* 

3 6 8.3
. -

11.

 552. 52.6 56.2 2.2 % 
(5 3%

4%) 

<0.0001 8.2% (
11.4%) 

.1%-

Body fat % 
m 

ioimpedance+ 

32.4 30.6 32.0 33.0 0.99 
(0.60-
1.38) 

1 0.81 (0.41-
1.21) 

<0.000
fro
b
Waist 
circumference* 

65.6 66.3 67.2 69.3 2.1% 
(1.2%-
3.0%) 

<0.0001 1.9% (1.0%-
2.9%) 

Waist: Hip 
ratio* 

0.743 0.733 0.721 0.728 -0.3% 
(0.1%--
0.9%) 

0.14 -0.2% (-
0.8%-0.3%) 

Subscapular:tri
ceps ratio+ 

2.25 2.05 2.07 2.11 0.2% (-
1.4%-
1.9%) 

0.77 0.6% (-
1.1%-2.3%) 

+ Mean values are presented with standard errors. Increases in adiposity measures per 
stage are presented in absolute values. 
* Variables log transformed for analysis. Geometric means are presented. Increases in 
adiposity measures per stage are presented 
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Table 4. 8: Correlation Table of body size and adiposity measurements (boys) 
 *=p<0.0001.  {after adjustment for age} 
 AGE HEIGHT MI G 

 
 

a
nce 

 

G  
 

LOG 
WEIGHT 

Log B LO
SUM
SKF

Imped

(body
fat) 

LO
WAIST 

LOG
WHR

HEIGHT 0.46*        
LOG WEIGHT 0.68* 

*} 
    0.35* 

{0.65
  

Log BMI 0.15* 
0*} 

0.87* 
 

     0.23* 
{0.2 {0.87*}

LOG SUM 
SKF (p=0.01) ) 

39} 

{0.62*} 
0.76* 
{0.78*} 

    -0.07 -0.01 
(p=0.7
{0.02, 
p=0.

0.55* 

IMPED- 
ANCE 
(BODY FAT) 

(p=0.01) 
{-0.08, 

03} 

{0.50*} {0.70*} 
0.78* 
{0.79*} 

   0.009 
(p=0.7) 

-0.06 

p=0.0

0.51* 0.73* 

LOG WAIST 0.16* 
{0.83} {0.87} {0.77*} 

0.69* 
{0.66*} 

  0.32* 
{0.31} 

0.83* 0.89* 0.74* 

LOG WHR -0.10 
002) *} 

0.21* 
 

0.42* 
 

0.45* 
*}

0.45* 
*}

0.64* 
{0.63*}

 
(p=0.0

-0.20* 
{-0.19 {0.20*} {0.38*} {0.44  {0.41   

Subscap:triceps 
*}  

0.12*} 

p=

{-0.03, 
p=0.26

0.15* 
*}

-0.01 
(p=0.6) 
{-0.01, 
p=0.65} 

ratio 
0.20* 0.26* 

{0.19
0.24* 
{0.17*}

0.14* 
{0.10, 
p=0.0004} {-

-0.13 
* 

-
0.03(
0.3) 

} 

{0.11  
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Table 4. 9: Correlation Table of body size and adiposity measurements (girls) 
 *=p<0.0001  {after adjustment for age} 

AGE HEIG
WEIGHT MI SUM 

SKF 
- 

NCE 
ODY 
T) 

og 
W

LOG  HT Log Log Log IMPED L
B

A
(B
FA

AIST WHR 

HEIGHT 0.23*        
LOG WEIGHT 0.15* 0.45* 

{0.46*
      

} 
Log BMI 0.05

(p=
 

0.05) 
0.03 
(p=0.2
{0.03, 
p=0.3

0.91* 
{0.90*} 

   
) 

} 

  

LOG SUM 
SKF 

0.02 
(p=0.4) 

} 

0.06 
(p=0.0

0.74* 
{0.74*} *} 

    

{0.05, 
p=0.12

3) 
0.81* 
{0.81

IMPED- 
ANC

OD

0.13* -0.06 
3) 
, 

0.67* 
{0.63*} 

0.77* 
{0.75*} 

0.73* 
{0.73*} 

   
E 
Y FAT) 

(p=0.0
{-0.09(B
p=0.02} 

LOG WAIST 0.05 0.20* 0.86* 0.87* 0.79* 0.69* 
(p=0.09) {0.20*} {0.85*} {0.86} {0.79*} {0.66*} 

  

LOG WHR -0.09 
(p

-0.10 
.00  

, 
p=0.000

0.32* 
{0.28*} .37*} {0.40*

0.34* 
{0.31*} 

0.69* 
{0

 
=0.001) (p=0

{-0.11
04)

2} 

0.41* 0.40* 
{0 } .67*} 

Subscap:triceps 
ratio 

-0
(p=

.03 
0.2) 

-0.0004 
(p=1) 
{-0.007
p=0.8} 

.22* 
{0.20*} {0.22*} 

0.73* 
{0.73*} 

* 
{0.23*} 

0.2
{0.25*} 

0.22* 
{0.19*} 

, 

0 0.25* 0.23 8* 
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Table 4. 10: Correlations of fifths of log sum of skinfolds with adiposity variables 
 
 FIFTHS OF LOG SUM OF SKINFOLDS 
BOYS 1 (Lowest) 2 3 4 5 (Highest) 
WEIGHT* 0.23 -0.006  0.47 0.05 0.16
BMI* 0.2 0.03 0.08 0.32 4 0.67 
BODY FAT 
% 

0.1 0.18 4 5 0.1 0.34 0.65 

WAIST* 0.2 0.02 0.05  4 0.30 0.69
GIRLS 1 2 3 4 5 
WEIGHT* 0.2 0.20 0.13  8 0.20 0.56
BMI* 0.4 0.26 0.19 .31  2 0 0.58
BODY FAT 0.46 0.26 0.14 .17  
% 

0 0.42

WAIST* 0.2 0.21 0.13  9 0.26 0.58
 

* analysed as log variables 

: Corr s of fifths MI with adiposity variables

FIFTHS OF BMI 

 
Table 4. 11 elation of log B  
 
 
BOYS 1 (Lowest) 2 3 4 5 (Highest) 
WEIGHT* 0.60 0.27 0.25 0.35 0.75 
SUM OF 0.27 0.18 0.08 0.19 0.63 
SKINFOLDS* 
BODY FAT 
% 

0.04 0.04 0.06 0.16 0.70 

WAIST* 0.50 0.27 0.16 0.23 0.83 
GIRLS 1 2 4 5 3 
WEIGHT* 0 0.25 0.33 0.39 .62 0.79 
SUM OF 
SKINFOLDS* 

0.41 0.15 .23  0 0.29 0.55 

BODY FAT 0.16 0.23 0.10 0.27  
% 

0.58

WAIST* 0 0.08 0.19 0.34  .43 0.79
 

* analysed as ables log vari
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Table 4. 12 Comparison with International centiles for BMI- BOYS 
Computed Centiles for BMI for ten towns boys presented for comparison with 
proposed International centiles (Cole 2000). All figures are BMI (kg/m2). 
 
 BOYS Age in Years 
Ten Towns 

centile 

13 
) 

14 
(723 boys) 

15 
(506 boys) 

16 
(46 boys) Data: BMI (123 boys

99th 32.64 31.21 33.60 37.20 
90th 24.04 26.64 25.13 27.00 
75th 21.36 21.74 22.13 23.43 
50th 19.64 19.28 20.18 21.70 
25th 17.85 17.83 18.84 19.66 
10th 65 17.73 18.00 16.66 16.
1st 15.41 14.60 15.76 16.20 
Int
centile

ernational 
s 

    

BMI 25* 21.91 22.62 23.29 23.90 
BMI 30** 26.84 27.63 28.30 28.88 
*BMI 2
above this centile 
**BMI ed ‘obese’ if above 
this n
 
Table 4
Compu
proposed International 
 
 

5- centile which passes through BMI of 25 at age 18, ie proposed ‘overweight’ if 

 30- centile which passes through BMI of 30 at age 18, ie propos
 ce tile 

. 13: Comparison with International centiles- GIRLS 
ted Centiles for BMI for ten towns girls presented for comparison with 

centiles (Cole 2000). All figures are BMI (kg/m2). 

Age in Years 
Ten To
Da  c

wns 
ta: entile 

13 
(106 girls) 

14 
(615 girls) 

15 
(464 girls) 

16 
(37 girls) 

99th 6 31.75 33.11 31.95 38.3
90th 27.45 26.49 25.88 29.71 
75th 23.00 22.99 22.85 24.88 
50th 20.44 20.46 20.66 21.58 
25th 18.67 18.42 19.11 19.27 
10th 17.43 17.12 17.68 18.13 
1st 6.27 16.16 15.15 15.54 1
I
c
nternational 
entiles 

    

BMI 25* 22.58 23.34 23.94 24.37 
BMI 30** 27.76 28.57 29.11 29.43 
*BMI 25- centile which passes through BMI of 25 at age 18, ie proposed ‘overweight’ if 
above this centile 
**BMI 30- centile which passes through BMI of 30 at age 18, ie proposed ‘obese’ if above 
this centile.
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CHAPTER 5: RELATIONS OF GEOGRAPHIC LOCATION (TOWN), SO

CLASS AND

CIAL 

 ETHNIC GROUP TO BODY SIZE AND ADIPOSITY MEASURES IN 

13-16 YEAR-OLDS 

 

5.0 SUMMARY POINTS 

• Mean height showed marked variation between towns and was systematically lo

among high cardiovascular mortality towns in Northern England and Wales, 

by1.8cm for boys and 2.2cm for girls.  Mean height was also lower among childr

from lower social class groups (by 0.3 cm per social class group) and among 

children of South Asian origin. 

• Mean weight and markers of general (BMI, sum of skinfolds and body fat percen

from bioimpedance) and central (waist: hip ratio, waist circumference and 

subscapular: triceps ratio) adiposity

wer 

en 

t 

 also showed marked variation between towns 

but high cardiovascular town: low cardiovascular mortality town differences were 

 Rhondda were particularly adipose. 

rend in girls. 

rence and subscapular: triceps 

• wer BMI than white children. Other 

n children but this difference was only 

 

.1 INTRODUCTION 

not significant. Children in

• Weight varied with social class, with boys in lower social classes being 

significantly lighter than other boys. There was not a significant t

Measures of general (BMI, sum of skinfolds, body fat percent from bioimpedance) 

and central adiposity (waist: hip ratio, waist circumfe

ratio) tended to increase with lower social class in girls, but not in boys.  

South Asian children were lighter with lo

markers of general adiposity (sum of skinfolds, body fat percent from 

bioimpedance) were higher in South Asia

significant for body fat percent. Of the markers of central adiposity waist: hip ratio, 

and waist circumference did not show significant differences by ethnic group. 

Subscapular: triceps ratio was higher in South Asians than whites. 

5  

 of town, social class and ethnicity on adiposity in 13-

sity 

 

This chapter describes the influences

16 year old British school children in the Ten Towns Study. Chapter 2 details some 

background to these factors, including the relationship they are known to have to adipo

in adults. This chapter explores these relationships in 13- 16 year old children. The 

individual determinants of adiposity studied in Chapter 4 (age, gender, pubertal stage and
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observer) could influence these relations and will therefore be controlled for as 

appropriate. 

Geographic, social and ethnic differences in adiposity have been observed in British ad

Levels of obesity (from BMI) in adults show variation in different areas of England in both

sexes w

ults. 

 

ith higher obesity in the North and West (Health Surveys for England 1994, 1998, 

 

 

rvey for England 2003). South Asian adults in Britain have larger waist: hip 

16 

 OBJECTIVES

2003, 2006). Sequential studies have shown strong and consistent results of increasing 

obesity (from BMI) with decreasing social class in women. The social class differences in

men are similar but the effect is not as strong (Health Surveys for England 1994, 1998, 

2003). Socio-economic disadvantage is also linked to higher waist: hip ratio in adults

(Health Su

ratios and trunk skinfold measurements than whites (Mc Keigue et al 1991, Knight et al 

1992). They are also shorter (Bhopal et al, 1999). Evidence for similar differences in 13-

year olds will be explored in this chapter. 

 

5.2 AIMS AND  

he aim of this study is to explore factors associated with adiposity in a group of 

 objectives of this section include: 

t 

ction 5.4.3). 

 

T

schoolchildren aged 13-16 years. The

• To examine the relationship between geographical location (town) and the differen

measures of body size and adiposity (Section 5.4.1). 

• To examine the relationship between social class and the different measures of 

body size and adiposity (Section 5.4.2). 

• To examine the relationship between ethnic group and the different measures of 

body size and adiposity (Se

The relations of social class and ethnicity to body size and adiposity were examined in 

boys and girls separately, as well as in combination, to take account of the possibility

that the pattern of relationships differed between genders, as has been observed 

(particularly for social class relations) in adults. 

 

5.3 SUBJECTS AND METHODS 

This study is based on the findings from a school-based survey carried out in ten towns in 

e 

, for 

England and Wales between September1998 and June 1999. Detailed information on 

subjects and methods and all measuring techniques are included in Chapter 3.  Towns wer

selected on the basis of adult cardiovascular mortality (England and Wales, 1979-83
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men and women aged 35-64 years) to include the five centres with the lowest adult 

cardiovascular mortality (Esher, Leatherhead, Bath, Chelmsford, Tunbridge Wells) and the 

five with the highest (Wigan, Rochdale, Burnley, Port Talbot, Rhondda). Towns were 

visited and analysed in high-mortality/ low-mortality pairs, see statistical methods secti

below. 

Social class was coded from parental occupation in accordance with the registrar gene

on 

ral’s 

lly the 

s 

ICAL METHODS 

ll data were analysed using the SAS system statistical software package (SAS Institute, 

USA). The LSMEANS procedure was used to calculate adjusted means; 

allow f  variables’ subgroups. Dummy variables 

ss and by ethnic group, for all children and 

 

, 

ocial class, puberty score and ethnic 

 

fferences between towns and then specifically at 

omparisons between high cardiovascular mortality towns (Northern England and South 

ales) and low mortality towns.  Some analyses were then done for boys and girls 

eparately.  Comparisons of high and low mortality towns were carried out, using adjusted 

(ONS) 1990 coding manual. Social class of the head of household was used; usua

father figure; if absent then mother’s social class was used.  Information on occupation wa

obtained from parental questionnaire if available; child questionnaire if parental not 

available. 

Ethnic group was assessed by the nurse observers on the basis of the child’s appearance 

into five main groupings (white, Afro-Caribbean, Asian, Oriental, other). In the current 

report ethnic groups were analyzed as white and Asian and combined other group; the 

numbers in combined group were small; results for white and Asian groups only are 

presented here. 

 

5.3.1 STATIST

A

North Carolina, 

dummy variables were used for observer, ethnic group and pubertal stage adjustment to 

or varying numbers of children in these

were also used for town when producing least squares means for ethnic groups, as ethnic 

mix in towns varied considerably. 

Analyses were carried out by town, by social cla

separately for boys and girls. Mean values for all children were adjusted throughout for 

age, sex and (some physical measurements only) observer, although these adjustments had

no important effect on the differences observed.  Age was fitted as a continuous variable

sex and town as categorical variables.  Observer, s

group (where used) were fitted as dummy variables to minimise the effect of unequal

distribution of subjects in these groups. 

Town analyses looked both at overall di

c

W

s
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means produced using PROC GLM.  Using the pairing of study towns defined in the study 

n 

ses were adjusted for age, sex, puberty score, and observer (as 

e 

ys and girls separately. Ethnic group analyses were adjusted for age, sex, 

ll 

ocial class and ethnic 

differed 

design, paired t tests were carried out to test the difference between high and low towns, o

4 degrees of freedom where necessary.  This analysis took variations within as well as 

between towns in each factor into account.  Paired analyses were used to minimise the 

effects of measurement drift, seasonal factors, and the change in average age.  All 

differences have been represented as high mortality town minus low mortality town. 

Social class analy

appropriate). Tests for trend were fitted across ordered social class groups as appropriate. 

Additional adjustments for town, then town and ethnicity together, were added to examin

the effect of these factors on the social class differences seen. Similar analyses were 

completed for bo

puberty score, observer (as appropriate). The effects of social class was then examined (a

children together) to explore the effect of this on differences seen. When producing LS 

means for ethnic group dummy variables were used for town as ethnic mix varied between 

towns. Tests for sex interaction were also carried out for analyses of s

group differences, in order to determine whether the strength of relationships 

between sexes. 

 

5.4 RESULTS 

5.4.1 NUMBERS OF PARTICIPANTS IN DIFFERENT TOWNS, SOCIAL CLASS 

etween study towns (Table 5.1, final column). 

lasses IV and V 

cts 

all physical measurements 92% of children were 

GROUPS AND ETHNIC GROUPS 

Following invitation, in total 2645 subjects took part in the study (66% response rate), of 

these 1410 were boys and 1235 were girls. Participants were reasonably evenly distributed 

b

Social class data were available for 2527 children. For analysis Social C

will be grouped together, as numbers in V were relatively small (104 children).  Subje

whose parent was in the Armed Forces or unknown will be omitted (Armed Forces: 83 

boys, 53 girls; 5 children unknown social class).   

Of the 2645 children with some or 

defined as white European, 6.5% were South Asian and 1.5% were combined others. The 

latter group was too small for analysis. 
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5.4.1.1 Interrelations of town, social class and ethnic group 

64% of low cardiovascular mortality towns’ children were assigned to non-manual social 

as true for children in high 

 

The 

.8%), next was 

 

atus differences in town, social class and ethnic group

class groups and 36% to manual groups. Almost the reverse w

cardiovascular mortality towns which were 39% non-manual social class groups and 61%

manual groups (Table 5.1). From all children in high mortality towns 25% were in Social 

Class IV/V and only 4.2% in Class I. For low mortality towns the equivalent figures are 

11% and 12%.    

South Asian children were predominantly resident in two of the ten towns (Table 5.2). 

Rochdale study sample had the highest percentage of Asian children (42

Burnley, with 7.9% Asian children. Other towns only had very small numbers of South 

Asian children. 

South Asian children were also overrepresented in lower social classes (table 5.3), with 

roughly three quarters of the Asian children being in the manual (IIIM,IV,V) classes but 

only half the white children. Therefore an additional adjustment for social class was carried

out to see if this altered any differences seen between ethnic groups. 

5.4.1.2 Pubertal st  

ertal status did not affect the between town differences observed. 

ubertal status score did not show a social class gradient (p=0.74 girls, 0.53 boys). 

s’ mean score: Asian 3.90, 

sity. 

 

Pubertal status score did not show an overall difference between towns (p= 0.78 girls, 0.63 

boys) or between high and low mortality towns (p= 0.25 girls, 0.27 boys).  Including 

adjustment for pub

P

Pubertal status score was lower in South Asian children (Boy

white 4.17, p= 0.003, Girls’ mean score: Asian 3.70, white 4.09, p= <0.0001, all adjusted 

for age). Therefore pubertal adjustment was made when analyzing differences in adipo

 

5.4.2 TOWN DIFFERENCES IN BODY SIZE AND ADIPOSITY 

Table 5.4 summarises the average measurements on children in each study town, the 

overall p values for differences between towns and the paired differences between high and

low mortality towns. Figure 5.1 demonstrates the town differences graphically. 

5.4.2.1 Overall town differences 

There was evidence of overall differences between towns, with p<0.0001 for all variables 

for a town difference. Children in Rhondda had the highest weight, body mass index, sum 

of skinfolds, body fat percentage from bioimpedance and waist: hip ratio. Children in 

Rochdale were the shortest, with lowest weight and BMI, reflecting the high percentage of 

sian children in this town’s sample (42.8%) Table 5.2. Adjusting for ethnicity altered the A
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results for Rochdale (Table 5.5) to be more similar to those of other high mortality towns 

but did not affect the overall town differences. 

5.4.2.2 Differences between high and low mortality towns 

The differences between high and low mortality town pairs were then examined further. 

Children in high mortality towns were on average 1.9 cm (95 % CI 0.8 to 3.1cm) shorter 

than children in low mortality towns.  Weight was 0.8% higher in low mortality towns. 

General adiposity measures (BMI, sum of skinfolds and body fat %) were lower in low 

mortality towns but these differences were not significant. All the measures of central 

adiposity were also lower in low mortality towns but not significantly.  

These findings were independent of age (Table 5.4 adjusted throughout for age). The low-

tly 

 by exclusion of 

rate analyses in boys 

nd 

 

 

ferences in body build measures separately for boys and 

affluence); ‘hig ial classes 1 and 2 (higher affluence). Girls 

t. 

high difference in height was not changed by adjusting for pubertal status (low-high 

difference 2cm, SE 0.4, p=0.01); as expected as pubertal status did not differ significan

between towns (see 5.4.1.2). The differences in Table 5.4 were unaffected

children from non-European ethnic groups (data not presented). Sepa

and girls showed similar patterns, with girls in low mortality towns being 2.2cm taller a

boys 1.8cm taller. 

The low-high height differences between towns remained even after additional adjustment

for social class and ethnic group; boys 1.9 cm (95 % CI 1.0 to 2.7cm), girls, 2.0cm, (95 %

CI 1.3 to 2.7cm). 

 

5.4.3 SOCIAL CLASS DIFFERENCES IN ADIPOSITY 

Table 5.6 shows the social class dif

girls. Throughout this section ‘lower social class’ means social classes 4 and 5 (lower 

her social class means soc

showed increasing central and general adiposity with lower social class, boys did no

5.4.3.1 Social class differences in height and weight by gender 

There was a social class gradient for height and weight in boys, which was independent of

town and ethnicity. Lower social class boys and girls were shorter; boys were ligh

compared to higher class children of the same gender. Boy’s weight was 1% lower per step

down in social class overall, though boys in social class I were lighter than all other bo

except those in social class IV and V. In girls there was in increase of 0.4% in wei

 

ter when 

 

ys 

ght with 

ocial class for weight, p=0.03. social class; there was evidence of gender interaction with s
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5.4.3.2 Social class differences in general measures of adiposity by gender 

g 

 5.8). 

ing social class being decrease for boys and increase in 

ing the 

here was evidence of gender 

p=0.03. 

In boys BMI decreased by 0.22% with decreasing social class (Table 5.6); this was not 

significant. In girls there was a significant increase of 0.77% (p=0.04), which was 

confounded by town; adjustment for town and ethnicity reduced the association, renderin

it non-significant. There was no strong evidence of gender interaction (p=0.08) (Table

Sum of skinfolds showed no significant social class gradient in either boys or girls, the 

direction of change with decreas

girls. There was evidence of confounding by town, with town adjustment strengthen

asscociation seen in boys, but not in girls (data not shown).T

interaction, with social class for sum of skinfolds, 

In boys body fat percent from bioimpedance showed no significant social class gradient. In 

girls there was an increase of 0.46% body fat with each descent in social class group, 

(95%CI 0.10 to 0.59). There was evidence of gender interaction p=0.01. 

5.4.3.3 Social class and central measures of adiposity by gender 

riceps ratio showed no 

s 

In boys waist circumference, waist: hip ratio and subscapular: t

significant social class gradient, although waist: hip ratio in the lower three social class 

groups was higher than in the upper two. In girls both waist circumference and waist: hip 

ratio showed a positive association with lower social class (higher in lower social class 

groups).There was evidence of gender interaction, with social class for waist 

circumference, p=0.01 but not for waist: hip ratio, p=0.12. 

Subscapular: triceps ratio showed no relationship with social class in either boys or girls 

and no sign of interaction p=0.54.  

5.4.3.4 Effect of adjustment for pubertal status, town and ethnic group on social clas

and adiposity measures 

Pubertal status score did not show a social class gradient (p=0.74 girls, 0.53 boys). 

asions; adjusting for town removed the 

antly.  

Adjusting for ethnicity had little effect on the results seen. 

 

 

Town appeared to act as a confounder on two occ

positive gradient seen between BMI and decreasing social class in girls {0.77%, (95%CI 

0.02 to 1.52%) became 0.53% (95%CI -0.25 to 1.32%)}, and revealed a positive 

relationship between skinfolds and decreasing social class in boys, changing from -1.26% 

(95%CI 0.68 to -3.18) to -2.12% (95%CI -0.14 to 4.23) after town adjustment. Other 

gradients seen were reduced a little by adjustment for town but not signific
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5.4.4 ETHNIC DIFFERENCES IN ADIPOSITY 

Table 5.7 summarises the differences between South Asian and European (white) children,

separately for boys and girls. South Asian children were shorter and lighter, with 

BMI but higher sum of skinf

 

lower 

olds and body fat percent. These differences only achieved 

statistical significance in girls (height, weight, body fat percent). The only significant 

difference in central measures of adiposity was for subscapular: triceps ratio; (higher in 

South Asians, in both genders). 

Table 5.8 shows results of tests for gender interaction (right column); there was no 

significant evidence of gender interaction for any variables. 

5.4.4.1 Ethnic differences in height and weight 

Both South Asian boys and girls were shorter than European children; the height diffe

in girls was significant; boys 1.1cm, girls 2.9cm shorter. They were also lighter; although 

the we

rence 

ight difference was only significant in girls; South Asian boys were 4%, and girls 

ere 7% lighter than European contemporaries.  

rences in general measures of adiposity

w

5.4.4.2 Ethnic diffe  

ders in South Asians, (-2.86% boys, -3.40% girls) but 

ence 

y but 

 

 

Lower BMI was seen in both gen

failed to achieve significance, although in analyses with genders combined the differ

was significant (-3.3%, p=0.03), data not shown. Both South Asian boys and girls had 

higher sum of skinfold measures, 3.7% and 2.7% higher than Europeans respectivel

these had wide confidence intervals and were not significant, even with genders combined

(p= 0.63). For body fat percent from bioimpedance the difference between European and

S.Asian girls was significant; Asian girls had 1.54% higher body fat (p=0.02); Asian boys 

did not have significantly higher body fat than European boys (p=0.34). In analysis with 

combined genders the higher body fat percent in South Asians was just significant, Asians 

27.8% body fat, Europeans 26.8% body fat (p for difference =0.05). 

5.4.4.3 Ethnic differences in central adiposity 

South Asian boys and girls had lower waist circumferences than Europeans (boys -1.12%, 

irls -1.99%) but these did not achieve statistical significance. Waist: hip ratio showed 

eps ratio was significantly 

 same 

g

very little difference between the ethnic groups. Subscapular: tric

higher in South Asians boys and girls, both about 0.1 higher than Europeans of the

sex. These findings were essentially similar in combined gender analyses. 
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5.4.4.4 Effect of social class on ethnic differences in body build variables 

These analyses were performed with genders combined (data not shown). Adjustment f

social class did not remove the ethnic differences in height, weight or BMI, only 

strengthening them a little.  

or 

ng 

e 

c groups; South Asians’ mean waist circumference was lower than 

 

Sum of skinfolds still had no significant relationship with ethnic group after social class 

adjustment. Body fat % from bioimpedance was higher in S.Asian children, but adjusti

for social class reduced differences seen from 0.99% to.0.57%, losing significance.  

Adjustment for social class revealed a significant difference in waist circumferenc

between ethni

Europeans by 2.53% (95%CI: 0.04 to 5.08). WHR was not significantly different between 

ethnic groups before or after social class adjustment.  Social class adjustment had no 

impact on the subscapular: triceps ratio difference, which remained at 0.11(95% CI: 0.06 to

0.16) 

 

5.5 DISCUSSION 

5.5.1 PRINCIPAL FINDINGS 

There were marked variations between towns in height, weight, general and central 

eral 

ith lower social class in girls but not in boys. Skinfolds and 

ubscapular: triceps ratio did not show a social class gradient in either gender. South Asian 

gher body fat percent. 

ly subscapular: 

me 

adiposity markers.  Boys and girls in high mortality towns were appreciably shorter and 

tended to have higher adiposity levels, though the differences were not statistically 

significant. Lower social class boys were significantly shorter and lighter. Some gen

(BMI, body fat percent) and central (waist circumference, waist: hip ratio) measures of 

adiposity showed an increase w

s

children in the study were shorter and lighter with lower BMI and hi

The effect was stronger in girls. Of the central measures of adiposity on

triceps ratio showed a statistically significant ethnic difference, being significantly higher 

in South Asians. 

 

5.5.2 STRENGTHS AND WEAKNESSES OF THE STUDY 

The study design aimed to compare children from towns with high and low adult 

cardiovascular mortality and sufficient numbers responded for this to be achieved to so

extent, although the use of only ten towns provided limited power for the high-low 

mortality comparisons (five versus five towns). As a result the 95% confidence intervals 

around high-low mortality town differences were wide and it was difficult to exclude even 
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quite appreciable differences in adiposity between high and low mortality towns

complement of adiposity measures was successfully collected in most children having 

physical measurements, producing a robust dataset. The data were collected within one

. The full 

 

hite 

it 

s 

tion was 

 which 

 

er ownership, size of house etc, but these have not been analysed 

school year, during term time, minimizing confounding by external factors.  

Our study sample had a wide spread of socioeconomic status within a predominantly w

group. Therefore these findings may be applicable to other socioeconomically diverse 

groups. However, as race has been shown to be significant factor in body composition 

may not be appropriate to extend these findings to other, more ethnically diverse 

populations.  

A potential weakness of the study is possible misclassification of social status (as with all 

contemporaneous studies): the new NS-SEC classification introduced 2-3 years later wa

needed as there was recognition that the 50 year old Registrar-General’s classifica

becoming less reliable. Reasons for this included existence of many ‘new’ jobs e.g. in IT 

which were not specifically covered in the old classification, and societal change

had raised or lowered the status of some occupations. However any misclassification 

would tend to weaken the associations seen and does not cast doubt on the findings of the 

study. 

It would perhaps have been interesting to have collected information on household income, 

which would have enabled direct comparison with more recent large surveys in the UK

that use NS-SEC. Information was collected on proxy measures of wealth e.g. car, 

computer and dishwash

for the purposes of this thesis.  

 

5.5.3 RELATION OF THE FINDINGS TO OTHER STUDIES 

5.5.3.1 Geographical (town) differences on the body size measures 

The pattern of taller stature in children from low mortality towns in Southern England in 

this study (on average 1.2 cm taller than those in high mortality towns in Northern England 

and South Wales) is consistent with findings in other studies (Hughes et al 1997 ) The 

findings are also consistent with the previous phase of the Ten Towns Study in children 

aged 8-11 years, when slightly smaller average differences in the same direction (on 

average 0.9 cm) were observed (Whincup et al 1996). The increasing difference in the 

older age-group suggests that the geographic height pattern is persisting and could be 

becoming more marked; it may also reflect the growth trajectory of these children as they 

approach adult life. These patterns are consistent in direction with the patterns reported in 
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adults, for example in the Health Survey for England in 1994, in which men in 

predominantly Northern mining and industrial areas were 2.5cm shorter and women 1.5 cm

shorter than their contemporaries in more affluent and predominantly Southern areas. 

The tendency for children from Northern England and Wales (particularly Rhondda) to 

 

l 

cumference, waist: hip ratio, 

icipants in Wales than in Southern England 

have somewhat higher adiposity levels is consistent with the results of the findings in 

children in the Health Surveys for England 2002 (aged 2-15 and 16-24 years) and 2006 

(age 2-15). In those studies, lower levels of adiposity were observed in children in the 

South and East (excluding London). Similar findings were observed in 3 year olds in the 

Millennium Children’s Cohort study (Hawkins S et al 2008) and in the UK National 

Children’s Obesity Database 2005-06, in children aged 4-5 and 10-11. The results are also 

consistent with those observed in the Ten Towns Study when the study population was 

aged 8-11 years; the difference has persisted suggesting that whatever factors are 

responsible for Rhondda children’s excess adiposity have continued to operate. Regiona

variation in central measures of adiposity (waist cir

subscapular: triceps ratio) have not previously been described in this age group. Although 

such measurements were made in the Health Survey for England 2006 in children over 11 

years, no data have been presented by region in the relevant report. These results in 

children are again broadly consistent with recent reports in adults, including those from the 

1958 National Birth Cohort (in which subjects were measured at the age of 45 years); 

adiposity levels were markedly higher in part

(Strachan et al 2007). 

5.5.3.2 Social differences in the adiposity measures 

Our findings of increased adiposity (from BMI) in lower social class children, with a 

stronger effect in girls is in keeping with the Health Survey for England 2002 (which 

focused on young people). Mean BMI in the HSE age categories of 2-15 years and 16-24 

years is not directly comparable with our findings, nor is the social class categorization 

(NS-SEC) but shows similar magnitude of changes with social class, and also lower BMI 

in the lowest social class group in boys that was seen in our study. We did not see the 

relatively higher levels of adiposity in higher social class girls described by Wardle 

(Wardle et al 2006 {BMJ}) from age 13 onwards; this may be due to differences in the 

study settings (Wardle’s was in London) or in calculating socioeconomic status, as 

Townsend index was used in their study. The social class differences were not present in 

the Ten Towns children when they were aged 8-11 (Whincup 1996). Power examined 
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effects of social class in childhood on adult obesity, defined by BMI in the 1958 bi

cohort (Power et al 2007) finding that social class gradients in obesity were not present at 

age 11, but were established by age 16 in girls and were present in both genders wh

surveyed at age 23. Our study children would appear to be following a similar pattern. 

The height difference with social class in boys is consistent with previous findings in 

Britain in men (Gregory et al, 1990, Marmot et al, 1984). The mean difference of 1.9 c

between social class I and IV/V for boys in our study is very similar to the value o

between I/II and IV/V in the 1985 data used by Gregory et al, suggesting little chan

the social class gradient and whatever factors are responsi

rth 

en next 

m 

f 1.8cm 

ge in 

ble for it, although in the context 

f an overall increase in adult height. The social class differences in female height however 

 BMI is lowest in SCIV/V 

ut in the 1998 HSE it is lowest in I in adult men. In adolescents BMI (reflecting lean and 

eight is confounding the 

ut their 

t 

h a 

 of 

explanations 

o

were not as marked in our study; 1.1 cm between social class I and IV/V, which did not 

achieve statistical significance, versus 2.8 cm in Gregory et al. This may represent a 

genuine change, with the absence of stunting caused by poor nutrition, but it is hard to 

make this apply to females and not at all to males. 

The pattern seen in BMI in the study boys is very similar to that in adult men in the 1998 

HSE, with the lowest BMI in extreme SC groups. In study boys

b

fat mass) is more height dependent than in adults; it may be that h

relationship between BMI and social class in these children ie they are not thinner b

overall body size is less. 

In boys waist circumference is lowest in social class IV/V unlike in adult men, where it 

rises. Also WHR in boys increases to social class III but then decreases again a little, 

although the overall trend remains positive similar to adult men (1998, 2003 HSE) and 

suggests some increase in central adiposity, particularly in the light of coincidental 

decreasing skinfold measurements and BMI.   

The patterns seen in the girls in our study for significantly increasing BMI, WHR and wais

circumference with lower social class are similar to those seen in adult women but wit

slight decrease from social class IIINM to IIIM before rising again. The social class 

differences in percent body fat from bioimpedance in girls add to the existing evidence

social class differences in adiposity. 

Social class differences in adiposity measures were not seen in an earlier wave of the study 

(Whincup 1996) when the children were aged 8-11. There may be a variety of 

for this; maybe the key time for the development of the differences is the late teens with 

different social class groups following diverging trajectories for adiposity, as found for 

 114



 

girls by De Spiegelaare (1998).  Also social class in our study was defined by the 

occupation of the head of the household; perhaps this is not appropriate for the te

who are making the transition to their own social class.  A measure of educational 

attainment may be more appropriate in this group. In boys and to some degree in girls the 

social class differences in adiposity may not yet have developed as at this age children a

still generally a lot more physically active than in later life.  Those from lower 

classes may be more active in the labour ma

enagers, 

re 

social 

rket at a younger age due to financial 

 that 

 profile 

 in, lower 

at by 

lready. 

and 

ldren and young adults aged 2-20 years and found particularly high rates of 

 

ompared 

ndon 

 boys: 1.5, white boys 0.9, Asian girls 0.7, 

hite girls 0.9 kg/m2 higher); the difference is much more noticeable in waist 

ircumference (Asian boys 6.2cm, white boys 5.2cm, Asian girls 4.4cm, white girls 5.4cm 

igher) in London than in Ten Towns study.  In this case the difference between London/ 

constraints; this may explain the lower adiposity measures in boys in SCIV and V 

especially.  They also may have less access to transport.  

 

A recent paper, looking at the effect of social class on the 1958 UK birth cohort, found

both social class in childhood and adulthood were independently associated with a range of 

adverse health outcomes at age 44/45 including higher BMI and adverse blood lipid

(Power et al, 2007). The effects were strongest in those who started and remained

social class groups ie implying a cumulative effect. In our study children it appears th

ages 13-16 years social class differences are emerging a

 

5.5.4 ETHNICITY AND ADIPOSITY MEASUREMENTS   

Studies in South Asian teenagers in the UK have found higher rates of obesity and 

overweight than in the general population, particularly in boys (Saxena S et al, 2004, 

Wardle et al 2006). Saxena’s study used data from the 1999 Health Survey for England 

looked at chi

overweight and obesity in South Asian boys. Wardle’s London school-based study (Wardle

et al 2006) found evidence of higher adiposity in South Asian boys but not girls c

to white contemporaries. Findings were of lower height, weight, BMI (0.4 kg/m2 lower) 

and waist circumference(0.8cm lower) in South Asian girls than white girls at age 11-12. 

South Asian boys in this study were more adipose than white boys, being shorter and 

lighter but with higher BMI (0.1kg/m2 higher) and waist circumference (0.7cm higher). 

When comparing Ten Towns’ children to similarly aged children in Wardle’s London 

study, measured in 1999, it is noted that although BMIs are a little higher in the Lo

children compared to Ten Towns children (Asian

w

c

h
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not London is greater than the ethnic differences in waist circumference. It is difficult to 

ifferent 

ike 

textile 

raft 

 

 differences 

little 

 shows 

 

 

ascribe a cause to these differences but the most likely seems different ‘cultural 

environment’, possibly observer variation in measurement technique and perhaps d

ethnic mix in London. In the Ten towns study most South Asians were in Rochdale, where 

there are fairly equal numbers of South Asian and White children, within a small town, 

therefore enabling contrast of the two groups in quite a unique way, as ‘other’ 

unquantifiable differences are minimised.  

The direction of the ethnic differences seen in the children, with South Asian children 

being shorter and lighter, with lower BMI but higher body fat, is in line with differences 

seen in adults (Bhopal et al, 1999, McKeigue et al, 1991). Differences are that our Asian 

boys did not have higher waist circumference or waist: hip ratio; the only evidence of 

‘centrality’ at this age is the higher subscapular: triceps ratio. South Asian girls are less l

South Asian women previously studied in that they have BMI measures lower than 

European girls, whereas in adult women the opposite is true. This may be due to 

differences in lifestyle patterns, particularly exercise, which are limited in the school 

environment but may become more pronounced later.  

Information on parent’s country of birth was not analysed in this thesis, but the vast 

majority were Pakistani Muslim, whose parents or grandparents came to work in the 

industry. Social class as defined by the Registrar General’s classification may denote a 

of social and economic factors for the white British population which do not apply equally 

to the Asian population, and may limit the value of adjusting results seen in Asians for

social class. 

The current data does not allow us to comment on whether there are behaviour

between the groups that may account for the higher body fat. In case height was 

confounding the relationship between ethnic group and adiposity measures the analyses 

were repeated with height in the model as a continuous variable.  However this made 

difference to the results. The relatively raised body fat levels seen in Asian children

that the younger generation is already exhibiting characteristics suggestive of an increased 

susceptibility to cardiovascular disease and related pathologies.  In this they are similar to 

their parents.  This may suggest some genetic, possibly endocrine cause for these 

differences or an ongoing environmental cause.  
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5.6 IMPLICATIONS FOR A

Dif
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ETIOLOGY AND PREVENTION 

ity in the social and ethnic patterns seen in adults are already 

em  suggests that the aetiological factors 

responsible for the adult differences in adiposity are starting to act by 13-16 years. This in 

turn has implications for the need f  prevention od excess adiposity in these high 

risk groups. Power (Power et al 2007) found that early childh ained an 

im inant of adult obesity at age 33 years, lowe cial class being linked to 

higher adult obesity. The reasons for this are not clear; the as tions were independent 

of educational level and parental BMI. If the reasons for this are cultural, around habits and 

patterns of behaviour, they may be a enable to intervention. Ethnic differences in weight, 

ponderal index (and insulin resistance) were noted in South Asian children in the study at 

age 8-11 (Whincup et al, 2002). South Asian children at 13-16 continued to have lower 

weight and weight-for-height (BMI), with slightly higher adiposity; separate investigation 

showed that South Asian children had also developed higher fasting insulin and glucose 

than white children, in addition to in esistance (Whincup et al, 2005). The tendency 

to type II diabetes appears to be developing in the South As

p y. Early interven revent excess 

be culturally appropriate; Saxena’s study 

 obesity in Pakistani children than other 

udies may be needed to expl

te in cultural differences or other factors. Difficulties in accessing leisure 

ple; women-only sessions may need to be 

community centres or through schools.  

 to be emerging in the Ten Towns children, 

t in a high adult cardiovascular mortality town: low cardiovascular mortality 

ay be due to changes in pre-existing factors in the towns, or the 

ore important risk factors for child adiposity which are as yet 

aring area-level geographic inequalities for example 

sford may help to clarify why Rhondda appears to be 

ent. This type of study may also help to clarify the role of 

ether change needs to be targ

ferences in adipos

erging in 13-16 year old adolescents. This

portant determ

ities m

ergence of new m

p

or early

m

ood social class rem

r so

socia

sulin r

ian children in adolescence, 

tion to p

ore these differences, whether 

accom

adiposity in South Asian children needs to 

(Saxena et al 2004) suggested higher levels of

South Asian children; further st

they or

activ

advertised in cultural settings such as 

Geographic differences in adiposity seem

although no

town pattern. This m

em

incom

between Rhondda and Bath or Chelm

such an obesogenic environm

social class differences; and wh

area (McCarron, Lawlor 2003).  

anied by general and truncal adiposit

igina

ay be a factor for Muslims for exam

letely identified. Studies comp

eted at the individual or the 
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Table 5. 1 Social class distribution by town in the study population 
Rows total to right hand column ie social class make-up in each town 
 
 Social 

Class 
     

Low 
c
m
ardiovascular 
ortality 

1 2 3(Non-
Manual) 

3 
(Manual) 

4 & 5 Total 
number 

towns (mean) 
of study 
children 

Leatherhead 4
1

44 
 

82
24 % 

9 1
4.7% 43.1% 

27 
8.1%

 
.6% 

32 
9.6

334 

Esher 2
11.4% 

1 
41.1% 12.6% 

57
23.2% 11.8% 

8 10 31  29 246 

Chelmsford 30 
10.8% 

91 
32.7% 

51 
18.3% 

72 
25.9% 

34 
12.2% 

278 

Bath 42 
15.0% 

85 
31.1% 

39 
14.3% 

87 
31.9% 

52 
19.1% 

281 

Tunbridge 38
Wells 

 132 
37.6% 

47 
13.3% 

92 
26.1% 

43 
12.1% 

352 
10.9% 

Total children 
 low town by 

553 
37.3% 

195 
14.6%

390   
 for in

SC 

187 
12.1%  24.6% 

190 
11.3% 

1491
(100%
row) 

High 
cardiovascular 

ortality 
wns (mean) 

2 3(No
Manu

3 
(Manual

& 5  
er 

of study 
children 

1  n-
al) ) 

4 Total
numb

m
to
Burnley 10 

3.7% 
85 
31.1% 

39 
14.3% 

87 
31.9% 

52 
19.1% 

273 

Wigan 21 
8.2% 

49 
19.2% 

31 
12.2% 

97 
38.0% 

57 
22.4% 

255 

Port Talbot 12 
4.9% 

41 
16.6% 

29 
11.7% 

108 
43.7% 

57 
23.1% 

247 

Rhondda 15 
5.4% 

52 
18.6% 

28 
10.4% 

114 
40.9% 

70 
25.1% 

279 

Rochdale 9 
3.6% 

59 
23.5% 

29 
11.6% 

83 
33.1% 

71 
28.3% 

251 

Total children 
in high town by 
SC 

67 
4.2% 

286 
21.9% 

156 
12.5% 

489 
36.5% 

307 
24.9% 

1305 
100% for 
row 
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Table 5. 2 Ethnic group distribution by town: showing the 3 towns with largest Asian 
population 
 
 Girls Boys 
 White Asian White Asian 
Rochdale 76 (52.4%) 69 (47.6%) 93 (62%) 57 (38%) 
Burnley 114 (95%) 6 (5%) 91 (89.2%) 11 (10.8%) 
Esher  5 (4.7%) 114(96.5%) 4 (3.5%) 107 (95.3%) 
 
 
 
 
Table 5. 3 Social class d
stu lat
 
 Social Class     

istribution by ethnic group in the study population (percent of 
dy popu ion) 

 1 2 3 Non 
m

3 Manual 4&5 
anual 

Wh 30.9 13.6 30.0 16.8 ite 8.8 
As 2.0 21.6 3.9 39.2 33.3 ian 
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aist, WHR) observer  

cts ex (kg olds 
Body fat % from 

ce 
Waist 

cumference 
Waist : hip ratio Subscapular : 

Table 5. 4 Differences in adiposity by town Least Squared means (SE) adjusted for gender, age and  (skinfolds, w
TOWN Survey No. of Age (years) Height (cm) Weight (kg) Body mass Log sum of 

pair 
1998-
99 

subje  ind /m2) skinf bioimpedan cir
(cm) 

triceps 
ratio 

Low Mortality            
Leatherhead 1 292 14.8 66.2 56. 48.9  (0 9.1 9  (0.013) 9 (0.03) 1  (0.4) 3 20.43 25.7 .3) 6 0.75 0.747
Esher 2 225 15.0 65.8 56.1 20. 43.8  (0 9.0 4  (0.014) 4 (0.03) 1  (0.5) 47 26.6 .4) 6 0.75 0.774
Chelmsford 3 261 15.08 (0 166.6 (0 56. (0 0.766 (0.014) .03) .4) 3 20.34 46.5 26.4 .3) 68.5 0.747 
Bath 4 242 14.58 (0.03) 166.3 (0.4) 55.7 20.22 42.3 26.4 (0.3) 68.3 0.744 0.780 (0.014) 
T. Wells 5 304 14.66 (0.03) 166.9 (0.4) 57.9  20.83 48.0 26.9 (0.3) 69.9 0.751 0.775(0.014) 
Average of ‘low’ 
towns 

  14.85 166.4 56.5 20.5 45.9 26.4 69.0 0.751 0.768 

High Mortality            
Burnley 1 226 14.81 (0.03) 164.6 (0.5) 55.5 20.53 49.0 26.0 (0.4) 70.0 0.769 0.743 (0.015) 
Wigan 2 235 15.05 (0.03) 165.4 (0.5) 56.3 20.63 48.1 26.3 (0.4) 69.1 0.757 0.787 (0.014) 
Port Talbot 3 210 15.24 (0.03) 164.3 (0.5) 56.5 20.96 48.0 27.8 (0.4) 69.5 0.758 0.768 (0.015) 
Rhondda 4 287 14.50 (0.03) 164.1 (0.4) 58.5 21.79 53.9 28.7 (0.3) 71.6 0.766 0.768 (0.013) 
Rochdale 5 301 14.70 (0.03) 163.9 (0.4) 53.6 20.01 45.9 27.3 (0.3) 68.2 0.750 0.796 (0.013) 
Average of ‘high’ 
towns 

  14.86 164.5 56.1 20.8 49.0 27.2 69.7 0.760 0.772 

P value for overall 
town difference 

  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean (SE) 
difference  
(low - high) 

   
0.10 (0.05) 

 
1.9 (0.4) 

 
0.8%  

 
-1.5% 

 
-6.3% 

 
-0.82 (0.47) 

 
-1.0% 

 
-1.2% 

 
-0.4% 

95% Confidence 
Interval 

  -0.12 to 0.14 0.8 to 3.1 
 

4.8% to-3.1% 2.1% to -5.1% -15.0% to  3.3% 0.09 to -1.74 
 

1.2% to -3.2% 
 

0.2%  to -2.2% 
 

0.8% to -1.5% 

P value   0.8 0.02 0.7 0..5 0.3 0.2 0.4 0.1 0.6 

 



Rochdale: Lea E just o e e and  (skinfolds, v
 
Ethnic group No. of 

subjects 
e He (cm g) Bod  mass 

index (kg/m2) 
Log sum of 
skinfol

y o Waist 
circumference 
(cm) 

ist : hip ratio : 
t
rati

st Squ

Ag

ared me

 

ans (S

 

) ad

ight

ed f

 )

r gend

 Weig

r, ag

ht (k

 waist, WHR) obser

ds 

er  

y Bod fat % fr
bioimpedance 

m Wa Subscapular 
riceps 

o 
South Asian 126 7  161.9 (0.6) 50.8 19.43 46.6 28.1 (0.5) 67.3 0.754 0.836 14.  (0.05)
White 169 7 .5 20. (0 6  7  71 165.1 (0 ) 55.7 45 44.6 26.7 .4) 9.0 0.750 0. (0.05)14.
All, adj for 
ethnicity 

297 164.9 (0.5 20 45. (0 0.761  
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Table 5. 5 

) 55.0 .28 5 26.8 .4) 68.6 0.750 



 

Table 5. 6 LS means: Social Class (SC) adjusted for age, observer (skinfolds, waist and waist/hip measurements) and 

SC5 tre
After adj 

town; 
rement 

(95% CI) 

After adj 
n 

pubertal status. 
SC1 SC2 SC3NM SC3M SC4 & Increment P for  

95% 
confidence 
interval 

nd for 
Inc

for tow
and 
ethnicity; 
Increment 
(95% CI) 

Boys          

Age years + 14.
(0.

89 
05) 

14.78 
(0.05) 

86 
3) 

14.87 
(0.04) 

0.01 (-0.01 
to 0.04) 0.3   14.79 

(0.03) 
14.
(0.0 4 

Height m + 
 169.7(0.6) (-0.33 

33) <0. .16 -0.16 
81) 

169.7 
(0.4) 

170.0 
(0.6) 

168.6 
(0.4) 

167.8 
(0.5) 

-0.65
to -1. 0001 -0.49 (-0

to -0.81) 
-0.48 (
to -0.

Weight kg * 57.53   
-1.00% (-

 to -
 

0.0
-1.00% (- -1.00% (-

 to -
 

58.58 58.57 57.83 56.08 0.19%
1.81%)

2 0.16% to -
) 1.83%

0.17%
1.84%)

BMI * 20.03 20.31 19.91 
-
 0.5  20.42 20.40 

-0.22% (
0.90% to
0.46%) 

2  
 

 

Sum of skinfolds * 39.21 40.86 40.42 39.50 37.74 (0.68% to - 0.2
% (-

to -
 

% (-
0.20%to -

) 

-1.26% 

3.18%) 
0 0.14% 

4.23%)

-2.12 -2.17

4.12%

Fat % from 
bioimpedance + 

21.68 
(0.52) 

21.57 21.68 21.72 
) 

0.00 (-0.26 
) 0.98  21.93 

(0.30) 
 (0.47) (0.29) (0.40 to 0.26)   

 
 

Waist circ* 70.94 71.40 71.73 70.38 
-0.19% (-

 0.471.25 0.68% to
0.31%) 

5   

Waist:hip ratio * 0.783 0.788 0.785 
-
 

0.27%) 
0.10.783 0.787 

0.19% (
0.08% to 6   

Subscapular:triceps 
ratio + 

0.827 
(0.02) 0.01) (0.018) (0.011) (0.015) 

 
 to -

1.04%) 
0.90.801 0.776 

(
0.822 0.797 -0.03%

(1.00% 6   

Girls          

Age years + 14.83 
(0.06) 

14.91 14.87 
  0.37   14.80 

(0.03) (0.05) 
14.82 
(0.03) (0.04)

Height m + 
 

162.6 
(0.6) (0.3) (0.5) (0.3) (0.4) 

04 
to -0.55) 0.1162.5 162.4 162.2 161.5 -0.24(0. 0   

Weight kg * 53.72 55.18 56.42 55.04 55.74 
 (-

0.36% to 0.27   
0.47%

1.3%) 

BMI * 20.35 20.92 21.42 21.40 o 0.0
-

 to 
 

(-
 to 
) 

20.96 
0.77% 
(0.02% t
1.52%) 

4 0.25%
1.32%)

0.53% ( 0.57% 
0.21%
1.36%

Sum of skinfolds * 54.08 58.17 59.10 
1.10% (-

o 0.20  56.27 56.80 0.58% t
2.82%) 

 

Fat % from 
bioimpedance + 

31.22 
(0.50) 

 
) 

0.23 
 0.0 (0.08 

 
31.31 
(0.26) 

32.42 
(0.40) 

32.06 
(0.26) 

32.96
(0.34

0.46 (
to 0.69) 001 0.35 (0.10 

to 0.59) 
0.33 
to 0.59)

Waist circ* 66.01 67.19 68.46 68.60 
0.67% 

o 0.0
 

% to 
15%) 

0.61% 
% to 

) 
67.60 (0.13% t

1.22%) 
2 

0.58%
(0.02
1.

(0.05
1.18%

Waist:hip ratio * 0.715 0.730 0.732 to 
0.77%) 

0.0
 

69%) 

 
% to 

0.69%) 
0.722 0.725 

0.46% 
(0.15% 04 

0.36%
(0.04% to 
0.

0.37%
(0.05

Subscapular:triceps 
ratio + 

0.733 
(0.02) (0.01) (0.016) (0.011) (0.014) to -

0.329) 
0.10.716 0.762 0.729 0.753 0.007 

(0.017 9   

NB ‘increment’ is change in body size measure per unit class change in social class 
+ Mean values are presented with standard errors. Changes in adiposity measures per change in social class are presented in absolute 
values. 
* Variables log transformed for analysis. Geometric means are presented. Changes in adiposity measures per social class are presented 
as percentage values.
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Table 5. 7 Ethnic differences, separately by gender 
LS means adjusted for age, observer (skinfolds, waist, WHR), pubertal status, town. 
 
 EUROPEAN ASIAN Mean 95% CI P (no 

ethnic 
difference) 

Mean (std. Mean (std. difference 
err) err) European-

Asian 
BOYS      

Number of subjects  1289 91   

Age (years) 14.84 (0.08) 0.18 to -0.14 0.77 14.82 (0.02)  0.02 

Height (cm) 169.0 (0.2) 167.9 (0.9) 1 0.74 to – 2.96 0.24 -1.1

Weight (kg) 55.35 5% 0.77% to -
9.30% 0.10 57.65 -4.1

Body mass index (kg/m2) 20.26 19.69 6% 1.15% to -
7.03% 0.17 -2.8

Log sum of skinfolds 40.84 % 13.90% to -
7.82% 0.51 39.35 3.65

Body fat % from 
bioimpedance 21.69 (0.16) 22.43 (0.73) 0.73 -0.77 to 2.24 0.34 

Waist circumference (cm) 70.33 2% 1.74% to -
4.07% 0.44 71.13 -1.1

Waist/hip ratio 0.786 0.783 -0.26% 1.26% to -
1.81% 0.74 

Subscapular : triceps 
ratio 0.802 (0.006) 0.899 (0.028) 0.097 0.040 to 0.154 0.001 

GIRLS      

Number of subjects 1142 82    

Age (years) 14.82 (0.02) 14.82 (0.08) 0.005 0.17 to -0.16 0.95 

Height (cm) 162.2 (0.2) 159.3 (0.8) -2.89 -1.35 to -4.43 <0.0002 

Weight (kg) 55.33 51.57 -7.27% -2.40% to -
12.37% 0.003 

Body mass index (kg/m2) 21.07 20.37 -3.40% 0.85% to -
7.84% 0.12 

Log sum of skinfolds 56.90 58.47 2.69% 11.34% to -
6.79% 0.57 

Body fat % from 
bioimpedance 31.91 (0.14) 33.45 (0.62) 1.54 0.27 to 2.82 0.02 

Waist circumference (cm) 67.70 66.38 -1.99% 1.00% to -
5.07% 0.20 

Waist/hip ratio 0.726 0.729 0.50% 2.15% to -
1.18% 0.55 

Subscapular : triceps 
ratio 0.726 (0.006) 0.831 (0.025) 0.105 0.050 to 0.157 <0.0001 
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Table 5. 8 Gender interaction (for social class and for ethnic group) 
or sex interaction  P for sex interaction for  P f

for social class (when 
adj age, obs {as 
appropriate}, pubertal 
stage,town) 

ethnic group (when adj 
age, obs {as 
appropriate}, puberty 
stage, town) 

Height (m) 0.12 0.16 
Weight 0.03 0.47 
BMI 0.08 0.98 
Log sum of skin
(std. er

folds 
r) 

0.03 0.69 

Fat % 
bioimpedan
(std r

from 
ce 

0.01 0.78 

. e r) 
Waist circ 0.01 0.94 
Waist:h
(std. er

ip ratio 
r) 

0.12 0.22 

Subsca
ratio 
(std. er

pular:triceps 

r) 

0.54 0.46 
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C

FEED

 

6.0 SU

HAPTER 6: THE RELATIONS OF PARENTAL ADIPOSITY, INFANT 

ING AND PHYSICAL ACTIVITY TO ADIPOSITY IN 13-16 YEAR OLDS 

MMARY POINTS 

This chapter examines a range of determinants•  of childhood adiposity including 

 

• 

• -

410 

 

circumference measurements of waist and hip. A full set of anthropometry 

re obtained on 1197 girls and 1370 boys (2567 children). 

al 

istribution. The highest fifth of the BMI distribution of both mothers and fathers 

 BMIs over 30 kg/m2 (ie obese). 

ce all 

o in 

lds, fat mass from bioimpedance and waist-hip ratio were statistically 

familial factors (parental body build), an exposure operating soon after birth (infant

feeding) and contemporary health behaviour (physical activity level). 

Hypotheses tested include: that parental adiposity is associated with child’s 

adiposity; that breast feeding has a protective effect against subsequent 

development of adiposity in childhood; and that differences in higher adiposity 

levels in teenagers are associated with lower physical activity levels. 

Data are presented on selected determinants of adiposity in a school-based cross

sectional survey of 2645 British children aged 12.7 to 16.4 years (1235 girls 1

boys) Anthropometry measures included height, weight, skinfolds and

measurements we

• Information on parental height and weight were collected by self-administered 

parental questionnaire, allowing calculation of maternal BMI for 74% and patern

BMI for 69% of children. 

• Children’s adiposity measures were then examined by fifths of parental BMI 

d

included only subjects with

• Children’s weight, BMI, sum of skinfolds, body fat % and waist circumferen

increased sequentially with increasing fifths of parental BMI. Waist: hip ratio in 

children increased with BMI in fathers but not mothers. Subscapular:triceps rati

boys decreased with paternal but not maternal BMI. Subscapular:triceps ratio in 

girls increased with maternal but not paternal BMI. 

• Mean adiposity measures were lower among subjects who had been exclusively 

breast fed in the first three months; differences in body mass index, sum of 

skinfo

significant. However adjusting for social class, maternal and child smoking and 

maternal body mass index greatly reduced the differences, with only differences in 

sum of skinfolds remaining significant. 
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• It was observed that boys aged 15 tended to exercise more than those aged 13; the 

reverse was true of girls. This suggests that participation in exercise increases with

age at 13-15 in boys and falls in girls. At age 15 boys were twice as likely as girls 

to take exercise 4 or more times a week (60% vs 30%). Overall 25% of girls took 

no exercise, as was the case for 12% of boys. 

• Child’s self-reported habitual level of exercise and perception of themselves as an

active or inacti

 

 

ve person are both related to adiposity measures. For habitual 

exercise taken the strongest relationships in both sexes were seen with sum of 

nce, which both decreased with increasing 

t 

o have 

skinfolds and body fat % from bioimpeda

exercise, as did waist circumference in boys. The effect was stronger in boys than i

was in girls. Children who perceived themselves as active had lower general and 

central measures of adiposity. Children who did a little exercise tended t

higher adiposity measures than those who did none. Children who perceived 

themselves as ‘a bit less active than average’ were the most adipose. 

 

6.1 INTRODUCTION 

This chapter examines associations between the measurements of adiposity in 13-16 y

old British school children in the Ten Towns Study and three factors that are thought 

influence adiposity, including familial factors (parental body build), an exposure operating 

soon after birth (infant feeding) and a contemporary health behaviour (physical activity 

level).   

6.1.1 PARENTA

ear 

to 

L ADIPOSITY 

tudies of parental influence on offspring’s BMI have found evidence of increased 

s (Burke et al, 2001, Duran-Tauleria 

p 

of 

 or 

onship at 

S

adiposity in children with obese or overweight parent

et al, 1995). Duran-Tauleria found an increased likelihood of children being in the to

quarter of the weight-for-height distribution if their father or mother was obese (OR 1.85, 

1.90 respectively) and even higher if both parents were obese (OR 3.48). Burke’s study 

found that over the nine years of their study, involving 3 yearly surveys of their cohort 

219 families, there were consistently higher BMIs in children whose parents were obese

overweight. 

Longitudinal studies that follow the child to adulthood have found persisting associations 

between parental and child BMI as the child ages. Laitinen et al confirmed a relati

ages 1yr,14years and 31 years (Laitinen et al, 2001). Tracking has been shown to occur, 
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with obese children more likely than reference population to remain obese into adult life. 

These children are also more likely to have obese parents. The odds of children with two 

obese parents being obese themselves at age 33 were 8.4 (boys) and 6.8 (girls), these were

children from the 1958 British birth cohort; parental heights and weights were self-report

when the children were 11

 

ed 

 years old (Lake et al, 1997). I would therefore hypothesize that 

igher levels of parental BMI would be associated with higher levels of adiposity in the 

 has been suggested that early life exposures are involved in the development of obesity 

(Ku  B

a prote  et al, 2001) 

Ho v n 

may be breast feeding to 

mea b  

after ad ial class, maternal adiposity and 

igarette smoking (Owen et al, 2005). Most existing evidence on the effects of breast 

utcome measure for assessing obesity. This has 

with certainty that changes have occurred because 

liable, comparable data on children’s activity levels from earlier times is difficult. A 

ion and organised sport is 

 the discrimination between 

hab

mu f cardiovascular 

disease risk factors in children aged 9-15 years, measured both actual physical activity for 

h

Ten Towns children. 

 

6.1.2 BREAST FEEDING AND ADIPOSITY 

It

h, en Shlomo 2004). Among these it has been suggested that breast feeding may have 

ctive effect, when compared with formula feeding (Gillman

we er, recent systematic reviews of the published evidence suggest that the associatio

 weaker than earlier thought. A review of the evidence relating 

n ody mass index (BMI) suggested that there was little or no relationship, particularly

justment for potential confounders including soc

c

feeding use body mass index as the o

limitations, particularly in the assessment of central adiposity, which is strongly related to 

metabolic and cardiovascular risk. I would therefore hypothesize that breastfeeding would 

be associated with lower levels of adiposity in the Ten Towns children, but this effect 

might be weak. 

 

6.1.3 PHYSICAL ACTIVITY AND ADIPOSITY 

There is a general feeling that physical activity levels in young people in developed 

societies have declined and that this is a major contributory factor in the rise of obesity in 

this age group. It is difficult to establish 

re

recent review (Dollman et al, 2005) concluded that physical activity in clearly defined 

contexts such as active transport, school physical educat

declining in many countries including the UK. A key issue is

itual activity, and actual physical fitness, The European Youth Heart Study, a 

lticentre international study investigating the prevalence and cause o
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4 d f 

skin ith increasing physical activity levels, 

while fitness increased (Andersen et al, 2006). I would therefore hypothesize that higher 

levels of reported physical activity would be a

the Ten Towns children. 

 

6.2 AIMS AND OBJECTIVES

ays and also physical fitness using an exercise bike test. They found that BMI, sum o

folds and waist circumference all decreased w

ssociated with lower levels of adiposity in 

 

he aim of this study is to explore individual determinants of adiposity in a group of 

clude: 

sociation between parental BMI and markers of both general and 

measures in adolescence (Section 6.4.1). 

 examine the association between breast-feeding and markers of both general 

osity measures in adolescence (Section 6.4.2). 

ationship between exercise habits and leisure activities and the 

f adiposity (Section 6.4.3). 

T

schoolchildren aged 13-16 years. The objectives of this section in

 

• To examine the as

central adiposity 

• To

d central adipan

• To examine the rel

different measures o

 

6.3 SUBJECTS AND METHODS 

This study is based on the findings from a school-based survey carried out in ten town

England and Wales in 1998-99 in 2645 12-16 year old children.  Measurements of

weight, skinfolds, waist and hip measurements and bioimpedance (body resistance) w

made as described in Chapter 3. `In a questionnaire to the parents, mother and father (not 

adoptive father) were asked to report their current height in feet and in

s in 

 height, 

ere 

ches or centimetres 

t feeding method was used in the first three months of the child’s life (breast 

d only, bottle fed only and mixed feeding) and parents were also asked about maternal 

r). 

 TV) 

and to report their weight in kilograms or stones and pounds. Parents were asked to specify 

which infan

fe

smoking status (current, never or eve

 

Pupil exercise information was obtained via pupil questionnaire; two of these questions 

were used in this analysis. Question 8.10 asked pupils: 

Which one of the following statements describes you best? 

o All or most of my free time is spent doing things which involve little physical 

effort (eg. doing homework, talking to friends, watching
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o Once or twice a week I do things in my free time which involve some physical 

hich involve 

physical exercise 

lable; and 

niques are included in 

ights 

f 

 

 research 

aper by S. Kaye, research assistant at SGHMS, using STATA/SE version 9 for 

effort (eg walking, cycling, table tennis) 

o I quite often (4-6 times a week) do things in my free time which involve physical 

exercise 

o I very often (7 times a week or more) do things in my free time w

 

Question 8.11 asked for activity level in comparison with peers: 

Compared to other pupils of your own age and sex, would you say that you are: 

o Much less active 

o A bit less active 

o About average 

o A bit more active 

o Much more active 

 

Pupil smoking status was based on a confidential questionnaire completed by the pupil 

(current, ever or never).Social class was coded from parental occupation in accordance 

with the registrar general’s (ONS) 1990 coding manual. Social class of the head of 

household was used; usually the father figure; if absent then mother’s social class was 

used. Information on occupation was obtained from parental questionnaire if avai

from the child questionnaire if parental information was not available. 

Detailed information on subjects and methods and all measuring tech

Chapter 3. 

 

6.3.1 STATISTICAL METHODS 

Parental heights and weights were converted to metric measures where necessary. We

and BMI measures for parents were log transformed for analysis following inspection o

the unlogged data. Logistic regression was carried out using SAS, as in previous chapters.

The analysis and tables for section 6.4.2 on breastfeeding were completed for a

p

WINDOWS software (Stata Corporation,College Station, TX).  
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6.4 RESULTS 

Among 2567 pupils who had physical measurements of adiposity, parental questionnaire

were returned for 1991 (78% response rate) of which 1784 (89%) parental questionnaires 

were completed by mothers, 189 (10%) by fathers and 18 (1%) by others (other relative o

guardian). A valid response to exercise questions was available for 89% of pupils: quest

8.10 2292 pupils, question 8.11 2280 pupils, both 52% boys, 48% girls. 

 

s 

r 

ion 

.4.1 PARENTAL BMI AND ADIPOSITY IN ADOLESCENCE 

 and 1913 fathers, representing 77% and 

ng comparison of children in different groups for parental BMI. The fifths are 

atic 

st 

s 

e 

here was evidence of gender interaction for BMI (with mother’s BMI, p=0.01). 

6

Parental heights were available for 1972 mothers

74% of children with physical measurements. Similar values for weight were 1919 (75%) 

and 1793 (70%), allowing calculation of mother’s BMI for 75% of girls and 73% of boys 

and father’s BMI for 70% of girls and 68% of boys, following removal of 4 paternal results 

which were invalid (Two heights in excess of 7 feet, weight of 192kg, BMI of 61). 

Parental weight and BMI showed right skew, with mean values higher than the median 

(Table 6.1). The values for mean and median BMI for fathers (29.4, 29.1) are higher than 

expected being almost at an obese level. The parental BMI distributions were divided into 

fifths, allowi

displayed in the first row in Tables 6.2 (mothers) and 6.3.(fathers). Fifths were chosen 

rather than using specific BMI cutoffs as these parental heights and weights are self-

reported and comparing them with each other in a group minimises the effect of system

reporting error, which comparing to standard cut offs would not (Lake 1997). The highe

fifth generated for both mothers and fathers contain only BMI values that would 

conventionally be considered obese ie over 30 kg/m2. Adjustment for the other parent’

BMI was included in the statistical model as a continuous variable.  

Height shows no relationship with parental BMI, except that in boys there was a slight 

increase with maternal BMI, which did not achieve conventional significance. All 

measures of general adiposity in both sexes showed highly significant increases with 

increasing fifths of parental BMI, showing particularly marked increases between the 

fourth and highest groups for parental BMI. For both boys and girls the magnitude of th

increases in adiposity measures tended to be higher with father’s BMI than mother’s BMI. 

T

 

Of the measures representing central adiposity, waist circumference showed a positive 

relationship with parental BMI, as did waist: hip ratio for both sexes with father’s BMI. 
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Waist: hip ratio showed no significant relationship with maternal BMI. Subscapular:tric

ratio only showed a positive relationship with maternal BMI in girls, with a decrease in 

subscapular: triceps ratio between the lowest and second groups of maternal BMI be

rising. Girls’ subscapular: triceps ratio showed a similar but non-significant relationship 

with father’s BMI, whilst boys’ subscapular: triceps ratio tended to fall with increasing 

parental BMI. There was evidence of gender interaction for subscapular: triceps r

father’s BMI, p=0.01), but not for other variables. 

eps 

fore 

atio (with 

443 subjects (1148 girls, 1295 boys) of 

ere 

l 

se 

r 

 

the 

 

 exclusively 

r, at the margins of statistical significance. The 

irection of differences in both sex-specific analyses were generally similar to those in the 

 

e 

fed 

 

6.4.2 INFANT FEEDING AND ADIPOSITY 

Information on infant feeding was available for 2

2645 measured. Subsidiary analyses examining the influence of confounding factors w

carried out in a sub-population of 1,302 subjects with complete data on parental socia

class, maternal cigarette smoking, maternal BMI and subject cigarette smoking. The

subjects were slightly taller on average than subjects with incomplete data, afte

adjustment for town (166.1 cm vs 165.4cm, p=0.04). Additional adjustment for sex and age

did not remove the differences seen. Adiposity variables did not vary between 

subgroups.  

The relations between infant feeding method and mean adiposity measures (adjusted for

age, sex, town, ethnicity and observer) are shown in Table 6.4, separately for boys and 

girls, and with both sexes combined. In the combined analysis, subjects who had been 

exclusively breast fed for three months were on average 1.06cm taller, had lower BMI 

(0.37), sum of skinfolds (2.04) and fat mass (0.63%) than those who were

formula fed. Their mean waist: hip ratio was lower and both waist circumference and 

subscapular:triceps ratio were slightly lowe

d

combined analyses, although associations for height, BMI, body fat mass % and waist: hip 

ratio were significant only in girls and associations for sum of skinfolds were significant

only in boys. Analyses to test for gender interaction i.e. whether gender was acting as an 

effect modifier in any of the anthropometric measures was carried out. As none of the 

results were significant all subsequent analyses were conducted using the sexes combined. 

 

The effects of adjustment for potential confounding factors for girls, boys and genders 

combined are presented in Table 6.5, in analyses conducted in 1302 subjects with complet

data on all potential confounding variables. The differences observed between formula 
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and breast fed infants in the basic model are very similar to the differences observed i

Table 6.4, despite Table 6.5 showing a subset of participants. Following adjustment

of these differences were reduced. The difference in height was reduced by half (to 

0.46cm), becoming non-significant, as were the differences in BMI (to 0.11), and w

hip ratio. The differences in skinfold sum and body fat % were however little affected by 

adjustment and that for sum of skinfolds remained statistically significant; waist 

circumference remained at the margins of statistical significance.   

 

n 

 most 

aist: 

.4.3 ADIPOSITY, EXERCISE HABITS AND LEISURE ACTIVITIES 

 

e was 

ise group 

 

ere only 10.5 % boys in this group and 25.1% girls. The highest exercise group (daily 

3 to 20.1% in boys at age 15 years. 

-

 

t show appreciable relationships with 

creasing level of exercise in either boys or girls, or evidence of gender interaction (p= 

s and body fat 

f 

s 

6

6.4.3.1 Adiposity and habitual weekly exercise 

Pupil questionnaire information on time spent on exercise per week was completed by 

2292 (89%) pupils who had anthropometry of whom 52% were boys and 48% were girls. 

Table 6.6 shows the exercise levels taken per week, separated into boys and girls and by

age. It can be seen that older boys were more active than younger boys. The revers

true for girls. At age 13 years the percentage of boys and girls in the lowest exerc

(little or no exercise) is similar at around 20%. However in the 15 year old group there

w

exercise) saw increases from 14.2% in boys at age 1

The equivalent figures for girls were a drop from 10.1 to 7.6%, so that by age 15 years 

boys were almost 3 times more likely than girls to be taking daily physical exercise. The 1

2 times a week exercise group shows an increase in prevalence with increasing age in girls, 

but this is solely at the expense of the higher exercise frequency groups.  

Overall about two thirds of the children exercised only twice a week or less, with girls 

twice as likely as boys to be in this group. 

 

Mean levels of children’s adiposity variables were calculated for each category of exercise

(Table 6.9), separately by sex and including adjustments for age, pubertal status, social 

class, town and ethnicity. Height and weight did no

in

0.46, 0.10 respectively Table 6.7). Among the general measures of adiposity, BMI showed 

no consistent relations with exercise levels.  However, sum of skinfold

percent from bioimpedance both showed significant reductions with increasing level o

exercise in both sexes although the effect was stronger in boys. In boys sum of skinfold

fell from 42.58 mm in the low exercise group to 36.46 mm in the daily exercise group 
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(p<0.0001). The equivalent figures for girls were a fall from 56.16 mm to 53.01 mm

(p=0.01). However, although the association between exercise grade and adiposity 

appeared slightly stronger in boys, there was no strong evidence of gender interaction, p

0.17. With increasing levels of exercise,  % body fat from bioimpedance declined 

markedly in the boys, from 22.78% in the lowest exercise group to 20.50% in the highest 

exercise group (p<0.0001). The equivalent figures for girls were 31.70% and 31.04 

(p=0.03). The stronger

 

= 

 relationship between exercise grade and % body fat in boys was 

ccompanied by stronger evidence of gender interaction (p=0.04, table 6.7). 

f 

e level in either gender. 

d comparative activity level 

sked children to rank their activity level compared to 

 

girls 

 largest group was the ‘more’ or ‘much more’ than average group at 

e, 

ach level, including adjustment 

e 

a

 

Among the central measures of adiposity, waist circumference decreased with exercise 

level in boys but not in girls (boys 71.83 to 70.37 cm, p=0.02); there was some evidence o

gender interaction (p = 0.04). Waist: hip ratio decreased with increasing exercise level in 

boys (0.789 to 0.782) and increased in girls (0.720 to 0.733) However, neither of these 

associations reached conventional statistical significance levels (p=0.07 and 0.09, 

respectively), though there was some evidence of gender interaction (p = 0.04). 

Subscapular: triceps ratio showed no relationship with exercis

 

6.4.3.2 Adiposity an

The second question on exercise a

peers, the levels being much more, more, average, less and much less. 2280 (89%) pupils 

with anthropometry measures supplied this information. With all children together 40% of

children assessed themselves as taking more or much more exercise than average, 40% as 

average and 20% as less than or much less than average. When looking at boys and 

separately for boys the

45% of boys, 40% said average and only 15% less than/ much less than average (Table 

6.9). For girls 45% felt they took average amounts of exercise, with 30% above and 25% 

below. In both sexes about 5% of children felt they were much less active than averag

making this the smallest group (54 boys, 67 girls). 

 

Mean variables for adiposity measures were calculated for e

for age, pubertal status, social class, town and ethnicity (Table 6.10).  

Weight showed a decrease with more exercise in boys only; mean weight for lowest 

exercise group 58.81 kg, highest 56.62 kg, (p=0.0003) and girls in the higher exercis

group were taller than other girls at 1.64 cm, lowest exercise group 1.62cm, (p=0.02). Of 
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the measures of general adiposity body mass index, sum of skinfolds and body fat 

percentage from bioimpedance all showed reductions  with increasing exercise categories 

in both sexes. Figures for lowest and highest exercise group are as follows: BMI :boys 

20.52 and 19.47 kg/m2 (p<0.0001), girls 21.39 and 21.09 kg/m2 (p=0.003); sum of 

kinfolds: boys 43.78 and 33.26 mm (p < 0.0001), girls 59.23 and 51.93 mm (p < 0.0001);  

s 23.96 and 20.09% (p < 0.0001), girls 33.25% and 

 

 

s waist 

, 

s 

s

body fat % from bioimpedance boy

30.95% (p<0.0001).   

 

Of the central measures of adiposity, waist and waist: hip ratio in boys showed decreases 

with increasing comparative exercise level overall, although showing an initial rise from 

the ‘much less’ exercise to the ‘a bit less’ group, then falling again through to the ‘much

more’ exercise group. Figures for waist circumference for these groups are: 72.88, 74.44,

69.91 cm, p<0.0001, and 0.793, 0.801, 0.784, p=0.0004 for waist; hip ratio. In girl

circumference showed a similar pattern to that in boys, equivalent figures were 68.18

69.79, 67.90, p=0.005. Waist: hip ratio in girls and subscapular: triceps ratio in both sexe

showed no relationship to comparative exercise level group.  

 

6.5 DISCUSSION 

6.5.1 PRINCIPAL FINDINGS 

In summary parental BMI and child adiposity were closely linked, with slightly stron

associations being seen with father’s BMI than mother’s. Children whose parents were in 

ger 

e highest group of BMI had particularly high adiposity measures themselves. This 

t circumference and waist: hip ratio 

and 

t. 

n 

 

th

included central adiposity as measured by wais

(father’s BMI only).   

There was little evidence of a protective effect of breastfeeding on either central or general 

adiposity, differences seen between adiposity measures in breast fed (lower adiposity) 

other children being greatly reduced by adjustment for factors including social class, 

maternal BMI, maternal and child smoking, suggesting that there is confounding presen

However children who were breast fed had lower sum of skinfolds and (borderline 

significance) lower waist: hip ratio even after adjustments. 

Overall about two thirds of the children exercised only twice a week or less, with girls 

twice as likely as boys to be in this group. Girls’ exercise frequency became lower betwee

the ages of 13 and 15 whilst boys’ became higher. Increasing level of exercise was 

associated with lower body fat from bioimpedance and sum of skinfolds in both sexes, and
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with lower waist circumference in boys. Children’s perception of themselves as much 

more or more active than average was accurate in selecting those with the lowest level

adiposity. Those who felt they were a bit less active than average were more adipose tha

the much less active group. 

 

6.5.2 PARENTAL ADIPOSITY 

s of 

n 

y 

s 

ial 

-

the distribution reduces the effect 

, as 

 

  

t’s BMI was found to be influential on child’s adiposity. The associations in our 

tudy were generally stronger with fifths of paternal BMI, with the exception of weight and 

erefore are not inconsistent with those of Duran-Tauleria 

 effect of father’s BMI than mother’s (as 

ip 

6.5.2.1 Strengths and weaknesses of the study 

Response rates in the parental questionnaire were high, thanks to reminders from the stud

team and cooperation of schools; responses in the pupil questionnaire were even higher, a

these were completed with support. These were good features of the study design. Potent

weaknesses for the parental data are that self-or partner-reported height and weight are 

obviously open to inaccuracy. Many previous studies have examined the validity of self

reported weight and height in adults, finding that although there tends to be some 

inaccuracy (height tends to be overestimated and weight underestimated) ranking of 

heights and weights are reasonably accurate and sufficient for population-based studies 

(Spencer et al 2002). Analysing parental BMI in fifths of 

of inaccuracies due to self-reporting. It would have been additionally interesting to have 

had a measure of parental waist circumference, to get an idea of parental central obesity

distinct from overall body size, which has some genetic determinant. However we had a

range of measures of both general and central adiposity in children and were able to 

demonstrate associations with parental BMI for nearly all of them, not just child’s BMI.

 

6.5.2.2 Relation of findings to other studies 

Both paren

s

BMI in girls. Our findings th

(Duran-Tauleria et al 1995) who found a stronger

continuous variables) when looking at child’s weight-for height, and sum of skinfolds 

measurements but this study used combined genders so the stronger relationship seen for 

girls’ BMI with mothers can not be compared with their results. The strong relationsh

between BMI in mothers and daughters seen in our study may reflect the influence of 

maternal overweight and obesity on daughter’s adiposity, as over half the mothers in our 

study were overweight or obese. Strong associations between maternal overweight and 

obesity (from BMI) and daughters’ adiposity were seen in the Health Survey for England 
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2006. As twin studies suggest that 50% of variance in BMI results from genetic factor

(Allison et al, 1996), it may be that paternal genes have more influence on body siz

coupled to maternal influence being traditionally greater in terms of food in the hom

setting patterns for food types and consumption patterns. Both parents may 

s 

e, 

e; 

be a role model 

 terms of exercise and diet. Exposure in utero to obesogenic factors may influence female 

ge to maternal BMI for girls.  

 

-

 

ied; 

e argued that the highest BMI group contains a few families with morbid obesity 

hose data are distorting the results in terms of the marked increase from fifths 4 to 5. 

t 

sity 

means and length of breast feeding. The evidence of baseline differences in height between 

in

fetuses more than male, leading to closer linka

It is difficult from these findings to comment on the relative importance of father or 

mother’s BMI, it is clear that both have an independent and significant effect on child’s 

adiposity. I have not performed analyses to examine the effect of one as opposed to both 

parents obese to see the comparative effect on child adiposity; other studies have found

widely varying results in terms of absolute odds ratios (Reilly et al 2005 OR 11.25, Duran

Tauleria et al 1995 3.48, Health Survey for England 2006 girls OR 3.80, boys 1.56-no 

change), but usually about double the risk of having one parent obese. The different

absolute odds ratios may reflect confounding; Reilly and Duran-Tauleria adjusted for 

maternal educational level, adjustment in the Health survey for England was not specif

a raft of socioeconomic factors may cause confounding. 

It could b

w

However the stepwise increase in adiposity measures across the other four BMI groups 

provides ample evidence of a consistent rise in child’s adiposity with increasing parental 

BMI. This adiposity also includes central adiposity as denoted by waist circumference, 

seen in adults as associated with higher cardiovascular risk. The relationship of adiposity 

measures with cardiovascular risk factors in study children will be explored further in 

chapter 7. 

 

6.5.3 INFANT FEEDING 

6.5.3.1 Strengths and weaknesses of the study 

The fact that infant feeding method was ascertained by parental recall after more than ten 

years is a potential weakness. However a review of the evidence (Li R et al, 2005) found 

that, even after a number of decades, both the validity and reliability of recalled data 

regarding the initiation of breastfeeding is good (82% sensitivity and 93% specificity). 

There is a concern over the validity of recalled data on the duration of breast feeding, bu

this is only important when looking for a dose response relationship between adipo
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those subjects on whom full data on potential confounders were available (who were 

included in the analyses) and those who were excluded may be due to social class 

ifferences. As adiposity variables did not vary between the groups it is difficult to 

se subjects would affect the results seen. 

tive 

 adjusted 

l class, 

 

 and 

et 

d a small, but statistically 

significant reduction in fat mass in 5 year olds who had ever been breastfed verses never 

sociation in adolescents, but failed to adjust 

. 

n 

olled confounding could not be ruled out. A direct comparison 

d

conclude that the exclusion of the

 

6.5.3.2 Relation of findings to other studies 

In this population of British adolescents we found little evidence showing a protec

effect of breastfeeding on either central or general adiposity. Although in analyses

for age and sex, all mean adiposity measures were lower among individuals who had been 

exclusively breast fed in the first three months of life (sum of skinfolds, fat mass from 

bioimpedance and waist hip ratio significantly so) additional adjustment for socia

maternal BMI, maternal and child smoking greatly reduced almost all the differences. This

suggests that the relationship between adiposity and breast feeding is substantially 

confounded, by other behavioural and societal factors including low maternal social class 

and maternal obesity. This is consistent with the findings of other researchers, both in 

individual studies (Toschke et al, 2007) and in systematic reviews (Owen et al, 2005a

2005b). 

 

The consistency of our findings with those of others is difficult to assess as there are very 

few studies looking at the association between breast feeding and adiposity measures other 

than BMI. There are three published reports where fat mass has been derived from Dual-

energy X-ray absorptiometry (DXA) (Burdette et al, 2006, Tulldahl et al, 1999, Toschke 

al, 2007). Our results are consistent with Burdette et al, who foun

in

breastfed. Tulldahl et al observed an inverse as

for known potential confounders. Toschke found little evidence of association of 

breastfeeding with BMI but did find decreases in trunk and total fat mass with breast 

feeding duration, although adjustment for confounders attenuated the association.  In four 

recent meta-analyses (Owen et al, 2005a, Owen et al, 2005b, Arenz et al, 2004, Harder et 

al, 2005) one (Harder) found a dose-dependent protective effect in an unadjusted model

The others found only a very small protective effect. In all four the presence of publicatio

bias, residual or uncontr

between the results of this study and those of the meta-analyses is difficult as the 
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individual studies included in the meta-analyses, almost exclusively, defined adiposity 

using BMI, a proxy measure of overweight rather than a direct one. 

 

6.5.4 PHYSICAL ACTIVITY 

6.5.4.1 Strengths and weaknesses of the study 

The exercise questionnaires used provided very simple categorizations of leisure time 

physical activity level. The validity of simple physical activity questionnaires for 

assessment of physical activity has been previously demonstrated in children and 

adolescents (Wong et al 2006). The validity of these particular questions was demonstrat

in the study in

ed 

 which they were initially used, in relation to adiposity and blood pressure 

 In this 

 is 

ct 

n took 

 

ve than younger girls between the ages of 13 and 

5 whilst boys showed the opposite pattern is roughly compatible with findings in similar 

91). In their 

cise was lower at ages over 13 in girls and 14 in boys; vigorous exercise 

ined steadier in boys to age 18. In both general and 

ity 

te 

(Strazzullo et al 1988); their validity in the present study was confirmed by their 

association with resting heart rate (lower in the high physical activity categories) (Ussher 

et al 2007). Physical activity self-reporting is clearly open to recall bias, which may have 

operated to different degrees in boys and girls. This may explain differences seen between 

sexes. Children who are overweight or extremely fit may be more aware of their exercise 

patterns than the average and may exaggerate the amount of activity they undertake, 

thereby reducing the ability of the study to detect exercise-adiposity associations.

study exercise-adiposity relations were being examined cross-sectionally, therefore it

difficult to say whether lower activity levels in overweight children reflect a causal effe

of low activity on adiposity, or whether, having become overweight, the children the

less exercise. It is also possible that overweight children may have already had exercise

‘prescribed’ by health professionals, leading to reverse causality, in which children who 

are overweight may have been taking more exercise as a result.  

 

6.5.4.2 Relation of findings to other studies 

The finding that older girls were less acti

1

aged children in a cross-sectional study in Northern Ireland (Riddoch et al 19

study general exer

also became lower in girls but rema

vigorous exercise groups the level of boys’ activity was over twice that of girls which is 

similar to our findings. 

Only 20.3% of boys and 7.8% of girls in our study said that they did some physical activ

in free time daily; a low number in light of the Government target of one hour of modera
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to vigorous physical activity daily. A more recent study by Riddoch using accelerometers 

to include both duration and intensity of physical activity found that only 5.1% of boys and 

0.4% of girls met this target (Riddoch et al, 2007). This contrasts with the Health Survey 

for England 2006 findings that 70% of boys and 59% of girls met the target; in this survey 

all activity was assumed to be of moderate intensity, although the definition of activity 

specifically included walking which was the most common type of activity for girls. The 

differences between our findings and Health Survey for England 2006 may represent 

ifferences in wording of the questions; difficulties in comparing data on physical activity 

ing with socio-economic factors can also be present (Must, 

ur 

-15 

 

) was 

, 

findings 

 for England 2002 and 2006 no significant differences were seen in mean BMI 

etween high, medium and low exercise groups; this exercise data was collected by 

 Survey for England this lack of association between 

 

ults, 

lth 

d

is well recognised; confound

Tybor 2005). 

In terms of the associations seen between habitual exercise and body size measures in o

study the results for BMI and skinfolds are comparable with findings in children aged 9

in the European Youth Heart Study (from Estonia, Denmark and Portugal). In this study

physical activity data was collected by accelerometer. Lower BMI (genders combined

seen in children taking higher levels of physical activity, but this trend was not significant

whereas the trend of lower sum of skinfolds was highly significant, similar to our 

in boys and girls (Andersen et al 2006). A significant association of lower waist 

circumference with higher activity levels was also found in this study. In the Health 

Surveys

b

questionnaire. In the 2002 Health

obesity/overweight and exercise level is suggested as being due to the lower sensitivity of

questionnaire data collection when compared to accelerometer data; however our res

also using questionnaire data, would suggest that the inconclusive findings in the Hea

Survey for England are possibly due to the misplaced reliance on BMI to reflect adiposity 

differences in different exercise groups. 

 

6.6 CONCLUSIONS AND IMPLICATIONS FOR AETIOLOGY AND 

PREVENTION 

6.6.1 PARENTAL ADIPOSITY 

The study findings confirm that higher parental BMI is associated with higher adiposi

children, probably partly due to shared diet, lifestyle habits and circumstances, in keeping 

with recent evidence about life-course influences (Power et al, 2007), and partly due to 

genetic factors. A family centered approach to obesity seems logical, where possible, as 

ty in 
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only 20% of fathers and 40% of mothers in our study population had BMIs that were in th

ideal range (<25). Gradually a child’s view of what is a

e 

 ‘normal’ body size must be getting 

ever larger! Parents need to be aware of the health risk to their child from their behaviour 

and patterning. Particularly this may be the case with exercise as children’s activity levels 

were so low overall, especially in girls. Schools could do more exercise with pupils but this 

does not compensate for the exercise built into every day life which would benefit both 

parent and child e.g. walking to school.  

 

6.6.2 BREAST FEEDING 

The implications of this study are that breast feeding confers only a very small protective 

effect against adolescent adiposity. This is consistent with evidence from several other 

studies and systematic reviews. On the basis of this evidence, breast feeding cannot be 

recommended as an important component of strategies for the prevention of childhood 

obesity (or adult obesity) in our society. However, the case for the benefits of breast 

feeding is already well established in a number of other public health areas such as early 

immune protection, neural and psychosocial development (Makrides et al, 1995, 

Fergusson, Woodward 1999). Breast feeding may also be associated with lower mean 

blood cholesterol levels (Owen et al 2002) and protect against type 2 diabetes (Owen et al 

2006).  

 

6.6.3 PHYSICAL EXERCISE 

Our findings in this chapter show that lower levels of physical activity in adolescents are 

associated with greater adiposity. In view of the increasing health burden of obesity 

strategies to increase the physical activity levels of adolescents should be a priority. 

Dollman (Dollman et al, 2005) raised the question of barriers to activity presented by the 

‘activity toxic’ environment which increasingly those in developed countries inhabit; these 

included lack of outdoor play space, increasing ‘screen-based’ entertainment and parental 

concerns about safety. Active transport (walking, bicycle) to school become less pleasant 

and more risky with increasingly busy roads. Additional exercise within the school setting 

may be beneficial. However a recent systematic review of interventions to promote 

physical activity for teenagers found most evidence for effectiveness if interventions 

involve the wider family or community as well as taking place at school (Van Sluijs et al, 

2007). Effects from increased physical activity in children will often not include reductions 

in BMI in the adolescent population; an additional measure of general adiposity (body fat 
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percent from bioimpedance, skinfold measurement) or waist circumference may be more 

seful in assessing interventions at a population level.u
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Table 6.1 Parental height, weight and BMI 

 

 Mean (Std Dev) Median Range 

Mother’s height m 1.62 (0.07) 1.62 1.22-1.93 

Father’s height m 1.77 (0.07) 1.78 1.52-2.13 

Mother’s weigh 7 .6 .6 42.2-138.0 t 

kg 

4.1 (13 ) 72

Father’s weight kg 91.4 (14.2) 90.3 50.8-163.0 

Mother’s BMI 28.0 (4.9) 27.1 16.0-49.8 

Father’s BMI 29.4 (4.2) 29.1 16.8-50.1 
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Table 6.2 Children’s adiposity and body size variables according to fifths of maternal 
BMI 

Fifths of mother’s BMI Variable 

1 

16.0-24.1 

2 

24.1-26.1

3 

26.1-28.2

4 

28.2-31.4

5 
 
31.5-49.8

Increase in variable 
per fifth (95% CI) 

p value 

BOYS        

Height(cm)+ 168.7 168.7 169.3 169.7 170.3 0 0.10 

Weight(kg)* 56.1 57.8 57.6 58.8 61.2 0.56%(0.32 to 0.80) <0.0001 

BMI (kg/m2)* 19.8 20.3 20.2 20.6 21.2 0.47%(0.27 to 0.67)  <0.0001 

Sum of skinfolds 
(mm)*^ 

37.1 39.9 39.9 40.4 44.2 1.08%(0.50 to 1.66) 0.0003 

Body fat % from 
bioimpedance + 

20.7 22.1 21.8 21.9 23.1 0.15(0.07 to 0.23) 0.0001 

Waist*^ 
circumference 

 70.1 71.2 71.0 71.5 73.3 0.29%(0.14 to 0.44) <0.0001

Waist: hip 
^ 

0.786 0.787 0.786 0.783 0.786 0 0.94 
ratio*

STR 0.813 .800 .786 .787 .828 .001(0.004 to -0.002) .44 0 0 0 0 0 0

GIRLS        

Height(cm)+ 162.6     162.7 161.7 162.5 162.5 0(0) 0.87 

Weight(kg)* 52.9 54.2 54.2 57.3 58.6 0.79%(0.55 to 1.03) <0.0001 

BMI (kg/m2)* 20.0 20.5 20.8 21.7 22.2 0.79%(0.57 to 1.01) <0.0001 

Sum of skinfolds 52.8 54.8 56.2 60.1 61.7 1.11%(0.60 to 1.62 <0.0001 
(mm)*^ 

Body fat % from 
ance + 

31.2 31.2 31.8 32.1 33.1 0.15(0.08 to 0.22) <0.0001 
bioimped

Waist*^ 
ce 

65.9 66.6 66.7 68.5 69.8 0.44%(0.29 to 0.59) <0.0001 
circumferen

Waist: hip 
^ 

0.720 0.721 0.724 0.726 0.730 0.08%(0.17 to -0.01) 0.11 
ratio*

STR 0.741 0.713 0.717 0.723 0.773 0.003(0.000 to 0.006) 0.03 

+ Mean values are presented with standard errors. Increases in adiposity measures per fifth are presented in absolute values. 

*Variables log transformed for analysis. Geometric means are presented. Increases in adiposity measures per year are presented as 
percentage values. 

Adjusted for age, pubertal status, town, social class, ethnic group and father’s BMI throughout,^ Adjusted for observer in addition 
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Table 6. 3 Children’s adiposity and body si

 

ia s r g to fifths of paternal 
BMI 

 fa ’ I 

ze var ble acco din

Fifths of ther s BMVariable

-26.0 

2 

26 8. .2 3
 

.

nc e in variable 
 CI) 

p value  

1 

16.8 .0-2 2 28

3 

-30.0

4 

30.0- 2.5 32

5 

.5-51 9

I
per fifth (95%

reas

BOYS        

Height(cm)+ 170.5 168.7 168.9 169.5 169.1 0 0.19 

Weight(kg)* to 0.82) 0.0002 57.6 56.9 57.8 58.1 60.9 0.54%(0.26 

BMI (kg/m2)* 19.9 20 to 0.85) <0.0001 .0 20.3 20.3 21.4 0.62%(0.39 

Sum of skinfolds 
(mm)*^ 

 38 4 9.8 44.7 1. (0 to 2.02) 0.0001 37.6 .8 0.3 3 33% .64 

Body fat % fro
bioimpedance +

.2 21 23  0.25) 0.0006 m 
 

21 .5 22.1 21.6 .1 0.16(0.07 to

Waist*^  circ  70 to ) 0.0003 70.8 .7 71.1 70.9 73.3 0.32%(0.15  0.49

WH ^ 0.783 0.784 0.784 0.783 0.794 0.13%(0.04 to ) 0.005 R*  0.22

STR 0 0. 1 .007 0.02 0.84  796 0.804 0.793 0.782 -0.004(-0.00  to -0

GIRLS        

Heigh 62.3 161.9 162.4 162.9 62.4 0 0.39 t(cm)+ 1 1

Weigh to ) <0.0001 t(kg)* 53.7 54.5 54.9 56.3 57.4 0.69%(0.38  1.00

BMI (kg  0.4 20 1 to ) <0.0001 /m2)* 2 .8 20.9 21.3 2 .8 0.63%(0.36  0.90

Sum o skinfolds 
(mm)*^ 

 56 57.8 57.5 60.2 1.26%(0.63 to ) <0.0001 f 52.8 .9  1.89

Bo t % from 
bioimpedance + 

30.8 31  0. 0.0004 dy fa .9 31.8 32.4 32.4 0.16(0.07 to 25) 

Waist*^ 
circumference 

to ) <0.0001 66.1 67.0 66.9 68.1 69.2 0.43%(0.23  0.63

Waist: hip 
rati

7 0.722 0.723 0.730 .729 0.14%(0.02 to ) 0.02 
o*^ 

0.71 0  0.26

STR 7 0.  6) 0.15 0.72 713 0.732 0.744 0.749 0.003(-0.001 to 0.00

+ Mean values are presented with standard errors. Increases in adiposity measures per fifth are presented in absolute values. 

*Variables log transfor e presented as 
per

Adjusted for age, pubertal status, town, social class, ethnic group and mother’s BMI thro ut.     ^ server in 
addition

centage values. 
med for analysis. Geometric means are presented. Increases in adiposity measures pe

ugho           

r year ar

Adjusted for ob
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Table 6.4 Mean (SE) adiposity and body size measures by infant feeding categories 
 
 Mean (SE) 

   
Breast Fed Formula Fed  

Test for Breast Fed vs 
orm

Mixed Fed 
F ula Fed 

male female all male female all male female all male female all 
          

n 0 (Maximal) 5 5 476 981 303 211 514 485 463 948  
           

Heigh 29 6.
.

69
.

62
.

66
.

16  6  
0.

6 1 <t (cm) 169.  
(0.35) 

162.82 
(0.27) 

16 25 
(0 23) 

1 .48 
(0 46) 

1 .14 
(0 40) 

1 .08 
(0 32) 

8.50
(0.36) 

1 1.27
( 27) 

1 5.19 
(0.23) 

 0. 16 0.001 0.001 

Wei
(0.54) (0.48) 

57.7
(0.37) 

58.8
(0.69) 

55.9
(0.73) 

57.5
(0.51) (0.55) 

56.6
(0.49) (0.37) 

ght (kg) 59.34 55.86 0 3 3 1 59.08 4 57.96  0.731 0.258 0.622 

BMI (kg/m 8 
(0.154) (0.17) 

20.7
(0.11) 

20.3
(0.19) 

21.2
(0.25) 

20.7
(0.16) 

20.6
(0.16) 

21.6
(0.17) 

21.1
(0.12) 

²) 20.5 21.03 9 4 8 8 9 7 6 0.625 0.007 0.022 

Sum of skinfolds1 39.15 
) 

6 46.4
.1

38.0
.

57.9
.0

46.2
.

41.2
1.

58.0
1.

48.4
1.

0.06 0 9 0.02
(1.02

56.2  
(1.02) 

4 
(1 4) 

7 
(1 03) 

9 
(1 3) 

7 
(1 02) 

8 
( 02) 

8 
( 02) 

8 
( 01) 

1 .17 1 

Fat mass % 
(bioimpedence)1

8 
(1.01) 

4 25.2
(1.01) 

20.6
(1.02) 

31.6 25.1
(1.01) 

21.3
(1.01) 

32.1 (1.0 25.9
(1.01) 

0.33 0 1 0.0120.9 31.0 (1.01) 3 1 1(1.01) 7 4 9 1) 0 1 .00 3 

Waist 71.81 67.47 
(0.38) 

69.76 
(0.27) 

71.29 
(0.50) 

68.38 
(0.57) 

69.89 
0.37

71.91 68.81 
(0.38) 

70.47 
(0.27) 

 0.841 0.012 0.063 
circumference(cm) (0.38) ( ) (0.39) 
Waist:hip ratio (%) 4 

(0.22) 
78.7 72.26 75.67 5 

(0.28) 
72.89 
(0.35) 

75.69 
(0.22) 

78.98 
(0.22) 

73.27 
(0.23) 

76.29 
(0.16) 

0.447 0.002 0.006 
(0.23) (0.16) 

78.2

Subscapular :triceps 80.29 72.51 76.60 80.58 72.22 
skinfold ratio (%) (1.32) (1.41) 

76.77 
(0.97) 

81.56 
(1.03) 

75.03 
(0.96) 

78.46 
(0.71) 

0.381 0.060 0.063 
(1.02) (1.41) (0.70) 

 
All analyses icity, town observer and (in analyses based on all subjects) sex. 
 
1Geometric mean and SE 

 adjusted for age, ethn
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ures (Formula Fed minus Breast Fed) (95% C.I

chil

.) p

ds s

 

 mokin

 
 

 basic model1    parental social 
class2

 maternal in  maternal
BMI2

g  model including all 
factors3

final del  paternal 
smok uded 

 smok g2    2 mo  - with
ing incl

Mean Difference    
 Coef 95% CI P value  Coef 95% CI P 

value
 CI 

value e 
5% P 

e
f ef  CI P 

value 
Coef 95% P Coef 95% CI P 

valu
Coef 9  CI 

valu
Coe 95% CI P 

value
n Co  95%

Height (cm) -0.88 -1.79 0.03 0.06  -0.56 -1.51 0.39 0.25 -0.62 -1.55 0.31 0.19 -1.00 -1.92 .0 03 78 04 6 6 40  0.60 0.43 -0 9 0. -0.87 -1. 0. 0.0 -0.4 -1.43 0.50 0.35 1169 -0. -1.41
Weight (kg) 0.63 -0.80 2.07 0.39  0.61 -0.89 2.11 0.43 0.75 -0.72 2.21 0.32 -0.05 -1.45 1.3 94 77 0 6 1 1.60 0.51  2.05 0.52 5 0. 0.66 -0. 2.1 0.3 0.1 -1.37 0.88 1169 -1.03
BMI (kg / m2) 0.44 0.01 0.88 0.04  0.35 -0.10 0.81 0.13 0.41 -0.03 0.86 0.07 0.23 -0.20 0.6 29 02 88 4 5 0.59 0.52 0.27  0.73 0.25 5 0. 0.45 0. 0. 0.0 0.1 -0.30 1169 -0.19
Sum of skinfolds4  6.81% 1.02 1.12 <0.00  7.05% 1.02 1.13 0.01 7.27% 1.02 1.13 0.01 4.86% 1.00 1.1 01 6. 02 1.12 0.01 5.62% 1.00 1.11 0.04 1136 1.06  1.12 0.02 0 0. 87% 1.  1.01
Fat mass % 
(bioimpedence) 4 3.60% 1.01 1.07 0.01  3.24% 1.00 1.06 0.01 4.00% 1.01 1.07 0.01 2.62% 1.00 1.0 01 3. 6 0.80 1147 1.03  1.07 0.03 6 0. 63% 1.01 1.07 0.01 2.71% 0.99 1.0  1.00

Waist 
circumference 
(cm) 

0.95 -0.06 1.97 0.07  0.77 -0.29 1.83 0.16 0.90 -0.13 1.94 0.09 0.53 -0.47 1.5 30 04 1.99 0.06 0.38 -0.68 1.43 0.48 1169 0.55  1.63 0.32 2 0. 0.97 -0. -0.54

Waist:hip ratio 
(%) 0.85 0.27 1.44 <0.00  0.66 0.05 1.27 0.03 0.77 0.17 1.37 0.01 0.80 0.21 1.3 01 0 0.07 1169 0.52  1.16 0.11 9 0. 0.86 0.27 1.44 <0.00 0.58 0.04 1.2  -0.10

Subscapular 
:triceps skinfold 
ratio (%) 

1.26 -1.37 3.90 0.35  0.93 -1.83 3.69 0.51 0.86 -1.83 3.55 0.53 1.15 -1.50 3.8 39 39 3.89 0.35 0.50 -2.31 3.30 0.73 1151 0.48  3.42 0.75 -2.50-1.1.251 0.

 
 
      

  1Basic model adjusted for age sex town ethnicity observer     
             
  2Basic model with one additional  adjustment as specified    
             
  3Basic model additionally adjusted for parental social class, maternal smoking, maternal BMI and childs' own smoking habit 
             
  4Logged transfromed variable therefore differences represent percentage diffrences between the two groups 
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Table 6.5 Differences in adiposity and body size meas



 

Table 6. 6 Differing levels of exercise in leisure time by gender and age 

Exercise 
taken  r 

(no.) 

 Girls 
er 

 
) 

 
 

Boys 
(togethe
nd by a

age), % 

  
togeth
and by 
age, %
(no.

  

 ALL 13 1 15 LL  4 A 13 14 15
Little 170) 21.7 

 
12.8 
(

10.5 
(56

25.4 (312) 22.7 26.1 25.1 
5) exercise 

12.7  (
(26) 88) ) (27) (160) (12

1-2 
times/week 

404)  
(42) 

2
(195) 

31.3
(167) 

4.1 (5
(50) (264) (228) 

30.1  (  35.0 8.3  4 42) 42.0 43.1 45.8 

4-6 37.0  (496) 29.2 37.2 38.1 22.7 (279) 25.2 23.2 
) 

21.5 
times/week (35) (256) (203) (30) (142 (107) 
7+ 
times/week 

20.3  (272) 14.2 
 

21.8 
(

20.1 
(10

7.8  10.1 7.5 7.6 
) (17) 150) 7) (96) (12) (46) (38

13 girls aged 12, 8 boys aged 12, included with 13 yr olds 
ed 16 oys a , incl ith 1 lds 

 
e 6. 7 Test

P 

36 girls ag
 

, 47 b ged 16 uded w 5 yr o

Tabl  for gender interaction with exercise level, adjusted for age 
 
Variable value 
Height 0.46 
Weight 0.10 
BMI 0.12 
Sum of 0
Skinfolds 

.17 

Body fat 0.04 
% 
Waist circ 0.04 
WHR 0.04 
STR 0.62 
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Table 6. 8 Adiposity and body size measures by exercise group  

Exercise taken Variable 

Little 
ex

1-2 4-6 

Change in variable per 
se category (95% 

 

p value 
exerci

ercise times/week times/week times/week 
7+ CI)

BOYS       

Height(cm)+ 1. 69 ( 0.0 0) 70 (0.01) 1. 0.0) 1.69 ( ) 1.69 (0.0) 0.00 ( 0.67 

Weight(kg)* 58.50 58.32 57.70 57.15 -0.86% (0.28 to -2.0) 0.14 

BMI (kg/m )* .36 20.54 20.19 20.08 -0.74% (0.19 to -1.67) 0.12 2 20

Sum of skinfolds 
(mm)*^ 

42.58 41.50 39.35 36.46 -5.27% (-2.76 to -7.78) <0.0001 

Body fat % from 
bioimpedance + 

22.78(0.49) 22.71(0.30) 21.28(0.27) 20.50(0.37) -0.92 (-0.57 to -1.27) <0.0001 

Waist*^ 
circumference 

71.83 71.85 70.92 70.37 -0.83%(-0.16 to-1.50) 0.02 

Waist: hip 
ratio*^ 

0.789 0.787 0.784 0.782 -0.34%(0.03 to -0.71) 0.07 

STR 0.833 (0.019 0.813 (0.012)0.794 (0.010)0.811 (0.014) -0.008(0.006 to -0.022) 0.26 

GIRLS       

Height(cm)+ 1.62 (0.00) 1.62 (0.00) 1.63 (0.00) 1.62 (0.01) 0.00 (0) 0.27 

Weight(kg)* 53.85 56.05 54.92 55.60 0.72% (-0.51 to 1.95) 0.25 

BMI (kg/m2)* 20.57 21.36 20.76 21.23 0.44% (-0.66 to 1.54) 0.42 

Sum of skinfolds 
(mm)*^ 

56.16 59.63 53.61 53.04 -2.95% (-0.61 to -5.29) 0.01 

Body fat % from 
bioimpedance + 

31.70(0.30) 32.62(0.22) 31.18(0.30) 31.04(0.53)  -0.36(-0.03 to-0.69) 0.03 

Waist*^ 
circumference 

66.61 68.33 67.03 68.16 0.33% (1.11 to -0.45) 0.39 

Waist: hip 
ratio*^ 

0.720 0.727 0.724 0.733 0.38% (0.81 to -0.03) 0.09 

STR 0.726 (0.013)  0.747 
(0.009) 

0.727 (0.012)  0.701 
(0.022) 

-0.007 (0.007 to -0.014) 0.34 

Mean values are presented with standard errors. Increases in adiposity measures per fifth are presented in absolute values. 

*Variables log transformed for analysis. Geometric means are presented. Increases in adiposity measures per year are presented as 
percentage values. 

+Adjusted for age, pubertal status, town, social class, ethnic group  throughout. 

^ Adjusted for observer in addition 
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Table 6.9 Self-assessed activity level compared to peers; distribution of respon
 

ses 

ative activity leCompar vel  

Much less active A ac
active 

ore 
active 

 bit less tive About average A bit more Much m

Children 
(2615=100%) 

121 (4 %) 38 ) 4 6 (26.2% 315 (1 ) .6 4 (14.7% 1109 ( 2.4%) 68 ) 2.0%

Boys (1395=100%) 4 (3.9 1 .9%) 6 (39 45 %) 52 (10 55 .9%) 26 (30.5%) 207 (14.8%) 

Girls (1220=100%)  (5.5 23 .0%) 3 (45 26 867 %) 2 (19 55 .3%) 0 (21.3%) 108 ( .9%) 
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T
measure

Comparative activity level 

able 6.10 Activity level compared with peer group and adiposity/ body size  
s 

Variable 

Much less A bit less 
 

About 
average 

A bit more 
active 

Much more 
active 

Change in variable per 
activity category (95% 

CI) 

p value 

active active
BOYS        

Height(cm)+ 1.70(0.01) 1.69(0.01) 1.69(0.00) 1.69(0.00) 1.70(0.01) 0.00(0) 0.88 

Wei (k 03 ght g)* 58.81 60.60 58.26 56.66 56.62 -1.88%(-0.87 to -2.89) 0.00

BMI (kg/m2)* 20.52 21.34 20.41 19.96 19.77 -1.91%(-1.09 to -2.73) <0.0001 

Sum in
(mm)*^ 

 sk folds 43.78 47.75 42.25 36.96 33.26 -10.00%(-7.85 to -
12.15) 

<0.0001 

Body fat % + 23.96 24.28 22.39 20.51 20.09 -1.33(-1.02 to -1.64) <0.0001 

Waist circ*^ 72.88 74.44 71.59 69.88 69.91 -1.77%(-1.18 to -2.36) <0.0001 

WHR*^ 0.793 0.801 0.786 0.779 0.784 -0.60%(-0.27 to -0.93) 0.0004 

STR  0.865(0.019) 0.797(0.010) 0.794(0.011) 0.827(0.016) -0.002(0.010 to -0.014) 0.72 0.776(0.033)

GIRLS        

Height(cm)+ 1.61(0.01) 1.62(0.00) 1.62(0.00) 1.63 (0.00) 1.64(0.01) 0.004(0-0.008) 0.02 

Weight(k 1 57.75 54.38 54.48 56.38 -0.89% (0.15 to -1.93) 0.1 g)* 55.7

BMI g (k /m2)* 21.39 21.94 20.81 20.59 21.09 -1.42%(-0.50 to -1.91) 0.003 

Sum skin
(mm)*^ 

folds 59.23 63.36 57.02 53.32 51.93 -5.57%(-3.61 to -7.53) <0.0001 

Body fat % 0.33) 31.92(0.21) 31.06(0.31) 30.95(0.48) -0.76(-0.47 to -1.05) <0.0001 + 33.25(0.63) 33.11(

Waist circ *^ 68.18 69.79 67.07 66.66 67.90 -0.94%(-0.28 to-1.60) 0.005 

WHR*^ 0.23 0.724 0.733 0.723 0.723 0.725 -0.23(0.14 to -0.60) 

STR 0.724(0.009) 0.724(0.013) 0.736(0.020) -0.009(0.003 to -0.021) 0.13 0.782(0.026) 0.747(0.014)

Mean lu

*Variables
percentage

+Adjusted ion 

 va es are presented with standard errors. Increases in adiposity measures per fifth are presented in absolute values. 

 log transformed for analysis. Geometric means are presented. Increases in adiposity measures per year are presented as 
 values. 

for age, pubertal status, town, social class, ethnic group throughout.  ^ Adjusted for observer in addit
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CHAPTER 7: EXPLORING RELATIONS BETWEEN DIFFERENT MARKE

OF ADIPOSITY AND THE 

RS 

CARDIOVASCULAR RISK PROFILE 

 

7.0 SUMMARY POINTS 

 

• This chapter sets out to examine the relations between measures of adiposity 

(general and central) and blood pressure, fasting insulin and fasting glucose leve

• Analyses of adiposity and blood pressure are based on 2643 British children aged 

12.7 to 16.4 years (1235 girls and 1408 boys). Analyses of adiposity, insulin and 

glucose are based on a subgroup of these children; 839 boys and 685 girls.  

• Height, weight and all general measures of adiposity were positively relate

in both sexes. 

• SBP showed the largest increases with increasing weight, height, BMI and waist 

circumference in boys and weight, BMI, sum of skinfolds and waist circumfere

in girls. 

• For fasting insulin there was a positive relationship with height (boys only) and 

weight. All adiposity variables except STR in boys showed strong positive re

with fasting insulin. 

• The largest changes in insulin were seen with BMI, waist circumference and su

skinfolds in boys and with body fat % from bioimpedance, BMI and waist 

circumference in girls. 

• Fasting glucose in girls showed a positive relationship with all adiposity variables 

but not with height and weight, the strongest, most statistically significant changes 

were with STR, WHR and BMI. In boys the only near-significant relations

fasting glucose was with sum of skinfolds; in a positive direction. 

• The highest mean fasting glucose levels were seen in the highest fifth of waist

circumference in both genders. 

 

ls. 

d to SBP 

nce 

lations 

m of 

hip for 

 

.1 INTRODUCTION AND OBJECTIVES7  

ty have adverse effects on cardiovascular risk and on 

DL 

an 

In adults, greater adiposity and obesi

the cardiovascular risk profile (particularly higher levels of blood pressure, total and L

cholesterol). Greater adiposity also causes an increase in the risk of type 2 diabetes and 

increased tendency to insulin resistance. Increases in cardiovascular disease, type 2 
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diabetes and insulin resistance are particularly associated with central obesity, which 

reflects greater visceral fat deposition. 

 

In children and adolescents, it is well recognized that greater adiposity and obesity

adults, are related to higher blood pressure and cholesterol levels and to greater degrees of

insulin resistance (Srinivasan et al, 2002, Weiss et al, 2004); such associations have bee

demonstrated both cross-sectionally and longitudinally (Bao et al, 1994, Sinaiko et al, 

1998). In addition, the recent appearance of type 2 diabetes in childhood and adolescence 

is almost all occurring in obese subjects. There is also evidence that adiposity and obesity

in children and adults are related directly to change in the structure and function of the 

arterial circulation, including early atherosclerosis (McGill et al, 2002), impaired 

endothelial function (Watts et al, 2004 a and b), incr

, as in 

 

n 

 

eased vascular resistance (Rocchini et 

l, 1992) and reduced arterial distensibility (Whincup et al, 2005). However, few studies 

nships of different measures of adiposity/obesity 

, 

ng glucose. I would hypothesize that fasting glucose, being under strong 

omeostatic control, should not show a relationship with adiposity. I will investigate if this 

 group of children or if there is any evidence that greater degrees of 

a

have been able to examine the relatio

(including both general and central measures) to blood pressure, insulin resistance and 

glucose homeostasis among young people. Therefore, the aim of this chapter is to examine 

the contribution of general and central adiposity to the cardiovascular risk profile in 

children.  I will explore whether body mass index is the best measure of childhood 

adiposity in terms of the strengths of its relations with cardiovascular risk markers, or 

whether other markers of adiposity are more strongly related. I will investigate the 

relationships of various measures of general adiposity (body mass index, sum of skinfolds

body fat from bioimpedance), and central adiposity (waist: hip ratio, waist circumference, 

subscapular: triceps ratio) to blood pressure, fasting insulin (a marker of insulin resistance) 

and fasti

h

is the case in this

adiposity are related to higher glucose levels, implying loss of homeostatic control and a 

degree of progression towards type II diabetes. 

 

7.2 SUBJECTS AND METHODS 

The results presented are based on the Ten Towns Heart Health Study, carried out 

England and Wales in 1998-99. All participants were invited to have measurements of 

body build (described in detail in Chapter 3, section 3.3.1) and blood pressure made. B

pressure was measured in the right arm after a short period of rest, with the subject seated. 

in 

lood 
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Two measurements were made a minute apart, using the Dinamap 1846SX oscillometric 

blood pressure recorder (Whincup et al, 1992c), with a cuff size in accordance with 

American Heart Association recommendations. A subset of children were asked to provide 

a blood sample, taken after an overnight fast, following the application of a local 

me 

 

hite, 

d 

.2.1 STATISTICAL METHODS 

e (SAS Institute, 

es 

ndard linear modelling approaches (PROC GLM, LSMEANS option). 

ge was fitted as a continuous variable, town as a categorical variable and observer (where 

of unequal distribution of subjects in this 

anaesthetic skin cream (EMLA or Ametop). All children were offered breakfast after the 

procedure. Blood samples were centrifuged, separated and frozen at -20 C within eight 

hours of collection. Blood glucose was measured in a fluoride oxalate sample, using the 

glucose oxidase method. Serum insulin concentration was measured by an ELISA (enzy

linked immunosorbent assay) method which does not cross react with proinsulin. Ethnic

group was assessed on the basis of the child’s appearance into five main groupings (w

Afro-Caribbean, Asian, Oriental, other). Detailed information on subjects and methods an

all measuring techniques are included in Chapter 3. 

 

7

All data were analysed using the SAS system statistical software packag

North Carolina, USA). Analyses were carried out separately for males and females. In the 

main analyses, blood pressure, insulin and glucose were treated as the outcome variables. 

Insulin values were highly skewed to the right and were log transformed. The mean valu

of each outcome variable, adjusted for age, gender, town, time of day (minutes), ethnicity 

and observer (blood pressure only) were determined for each fifth of the adiposity 

measures using sta

A

used) as a dummy variable to minimise the effect 

group.  

 

7.3 RESULTS 

Following invitation, 2645 subjects (1410 boys and 1235 girls) took part in the study (66% 

response rate). The subgroup of children who had blood testing was on average slightly 

older than other children (mean age 15.09 years vs 14.71 years). However after adjustm

for age, sex and town there were no difference in height and weight between the two 

groups. Of the adiposity variables only waist: hip ratio and body fat percent from 

bioimpedance showed differences betw

ent 

een the groups that persisted after adjustment for 

ge, sex and town. For waist: hip ratio children who had blood tests had lower mean 

easurements than those not tested (0.754 vs 0.760, p=0.006). These differences were not 

a

m
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removed by additional adjustment for pubertal status, but were removed by adjustment for 

 

a 

 pupils, had 

easurements of glucose. Table 7.1 shows the mean values for systolic blood pressure, 

.5, separately for boys and 

irls. Height, weight and BMI values in each fifth are broadly similar for boys and girls. In 

 

s 

variation (Table 7.3) with a range of 4.3 mmHg 

etween the mean SBP recorded by the observer with the lowest values (Observer 1) and 

difference was 0.32 mmHg, 

en adjusted for blood 

n 

whether the subject had eaten breakfast (0.753 vs 0.745, p=0.2). Body fat percent from

bioimpedance was higher in children having blood tests (27.5% vs 25.9%, p<0.0001), after 

adjustment for age, sex and town. 

Of the subgroup of pupils invited for blood testing, 1523 (63% response rate) provided 

blood sample for the measurement of insulin.  A slightly smaller number, 1501

m

insulin and fasting glucose, by gender. Boys had higher mean SBP than girls, 5mmHg 

higher. Fasting insulin was 1.2mU/L higher in girls whilst fasting glucose was slightly 

(0.2mmol/l) higher in boys. Two boys who were found to have type 1 diabetes were 

excluded from these analyses (one had a glucose of 26.9 mmol/L, one a glucose of 17.0 

mmol/L with an insulin level of 148 mU/L). Systolic blood pressure and glucose showed 

fairly normal distributions. 

 

7.3.1 FORMATION OF FIFTHS OF BODY BUILD MEASURES 

Details of fifths of the body build measures are shown in table 7

g

contrast, body fat percentage from bioimpedance and sum of skinfolds values are much

higher for girls than boys, as expected from previous investigations into gender difference

(Chapter 4). Mean values for fifths for central adiposity measures tended to be higher in 

boys (Table 7.5). 

 

7.3.2 SYSTOLIC BLOOD PRESSURE (SBP) 

Blood pressure showed inter-observer 

b

the highest observer (Observer 5). The mean inter-observer 

95% CI 0.18-0.46, p=<0.0001. Subsequent analyses have therefore be

pressure observer. In boys and girls all the associations between body size and adiposity 

and SBP are positive and generally graded, except waist: hip ratio which shows a very 

weak positive gradient in both genders (Table 7.6). The strongest associations were see

with weight and BMI in both genders and height in boys. There was also a strong 

association with waist circumference.  
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7.3.2.1 Systolic Blood Pressure (SBP) with fifths of height and weight 

r interaction with SBP both for 

eight and weight variables, (p values <0.0001, 0.01 respectively), Table 7.4. 

In boys, strong positive associations for SBP were seen with both weight and height. 

(Table 7.6) In girls, height and weight showed weaker positive associations with SBP; that 

for height was about a quarter of the strength of the association in boys, that for weight 

about half of the strength. There was evidence of gende

h

 

7.3.2.2 Systolic Blood Pressure (SBP) with fifths of general measures of adiposity 

In boys, all measures of general adiposity showed a positive association with fifths of SBP. 

ase 

ith 

r 

.3.2.3 Systolic Blood Pressure (SBP) with fifths of central measures of adiposity

The strongest association was with BMI, with an increase of 2.3mm Hg per fifth incre

in BMI. There were smaller increases with fifths of skinfolds and body fat %, of 0.8 and 

0.7mmHg respectively. In girls, the strongest positive association was seen with BMI, w

a 1.4mmHg increase per fifth. Sum of skinfolds fifth and body fat percent also had 

significant associations with SBP, with increases of 1.2mmHg and 0.9 mmHg per fifth 

increase in adiposity variable respectively. There was no evidence of gender interaction fo

SBP with any of the general measures of adiposity (Table 7.4). 

 

7  

ference was stronger than that 

 

irls, with increases of 1.1mmHg per fifth increase in waist circumference and 0.6 mmHg 

ffect of eating and drinking on insulin and glucose levels

In boys, the association of SBP with fifths of waist circum

with fifths of BMI, with an increase of 2.5 mmHg per fifth of waist circumference. There

was however no relationship with waist: hip ratio but a significant positive association with 

subscapular: triceps ratio (1.6 mmHg increase per fifth). A similar pattern was seen in 

g

per fifth of subscapular: triceps ratio. 

 

7.3.3 FASTING INSULIN AND FASTING GLUCOSE 

7.3.3.1 E  

ata were collected on whether children had eaten or drunk that morning or had managed 

d not have higher 

ared 

D

to fast overnight as requested. Children who had eaten that morning di

glucose than other children, means being 5.07 mmol/L and 5.06 mmol/L respectively 

(Table 7.2) however they did have higher mean insulin levels, at 10.77 mmol/L comp

with 8.92 mmol/L for children who had fasted (p<0.0001). Non-fasted children are 

excluded from the analyses. 
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7.3.3.2 Effect of time of day on insulin and glucose levels 

Time of the morning was found to have an effect on both variables: glucose level fell with 

increasing time (i.e. later morning) in minutes by 0.0005(SE 0.0003) (p = 0.05) and insulin 

ll by -0.06% (p = 0.04) with increasing (i.e. later morning) time in minutes. Subsequent 

y. 

 

s of all measures except height; and subscapular: 

iceps ratio. The largest individual increases were seen between the fourth and highest 

posity variables showed small 

ing 

fe

analyses have therefore been adjusted for time of da

 

7.3.4 FASTING INSULIN AND ADIPOSITY 

The relations of fasting insulin to body size variables in fifths, separately for each gender,

are shown in Table 7.7.  

The largest increases for boys are seen with BMI (11.2% increase in insulin per fifth 

increase in BMI), waist circumference (10.4%) and skinfolds sum (10.1%) and for girls 

with body fat % (9.0%), BMI (8.5%) and waist circumference (7.8%). In boys, fasting 

insulin increased with increasing fifth

tr

fifths of adiposity variables in both genders. In girls all adi

decreases in fasting insulin from the first to second fifth, then increases through remain

fifths. A similar pattern was seen for BMI and waist circumference in boys. 

 

7.3.4.1 Fasting insulin with fifths of height and weight 

Large increases in fasting insulin were seen with weight in both genders. Fasting insulin 

increased with height in boys and showed no relationship to height in girls; the relationship 

 boys was confounded by pubertal status and became weaker on adjustment (p=0.06). in

 

7.3.4.2 Fasting insulin with fifths of general measures of adiposity 

BMI, sum of skinfolds and body fat % were all strongly associated with increases in 

fasting insulin; in boys the strongest association was for BMI and for girls for body fat 

percent. 

 

7.3.4.3 Fasting insulin with fifths of central measures of adiposity 

Of the central measures of adiposity, waist circumference was most strongly related to 

fasting insulin in both genders. Waist: hip ratio in both genders was associated with 

smaller increases in insulin. In girls there was an increase in fasting insulin with rising 

fifths of subscapular: triceps ratio but in boys there was no relationship. Overall, central 

easures of adiposity were not more closely related to increases in fasting glucose than m
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general measures of adiposity. The only adiposity variable for which there was evidence 

n, 

n 

t. 

 in 

iposity variables. Fasting glucose decreased 

ith increasing height in girls, but showed no relationship with height in boys, nor was 

nder interaction. 

for gender interaction with insulin level was subscapular: triceps ratio (test for interactio

p=0.0004). 

 

7.3.5 FASTING GLUCOSE AND ADIPOSITY 

The relations of fasting glucose to body size variables in fifths, separately by gender, are 

shown in Table 7.8. In boys, there were no consistent associations; only the increase see

with sum of skinfolds approached conventional levels of statistical significance. In girls, 

fasting glucose showed positive relationships with all body build variables except weigh

The associations were however not continuously graded but showed particular increases

fasting glucose in the highest fifth of the ad

w

there evidence of ge

 

7.3.5.1 Fasting glucose with fifths of height and weight 

In boys, fasting glucose showed no overall change with increasing fifths of height and

weight (test for trend p=0.4 for both variables). Weight fifths in girls did not show a 

significant relationship with fasting glucose, producing a slightly ‘u’ shaped curve. There 

was no evidence of gender interaction (p=0.35). Fasting glucose was lower in taller girls, 

with a slope of -0.04 (p=0.004). There was no gender interaction for height with fastin

 

g 

glucose (p=0.69). 

 

7.3.5.2 Fasting glucose with general measures of adiposity 

In boys, fasting glucose showed no relationship to general adiposity variables, particularly 

BMI and body fat percent. The only exception was sum of skinfolds, which showed a 

modest increase in glucose 0.02 mmol/L per fifth of the skinfolds distribution, (test for 

 

 

 

trend, p=0.07). 

In girls, fasting glucose increased with increasing fifth of BMI, sum of skinfolds and body

fat percent. The pattern in each was similar, with glucose values remaining fairly ‘flat’ to

4.92-4.95 in the fourth fifth, then a sharp increase to the highest fifth, with p values for 

trend of 0.02, 0.03 and 0.04 respectively. However, there was no evidence of appreciable 

gender interaction for BMI, sum of skinfolds and body fat percent; p values for interaction 

tests were 0.16, 0.39 and 0.96 respectively. 
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7.3.5.3 Fasting glucose with fifths of central measures of adiposity 

Fasting glucose in boys showed no relationship to measures of central adiposity (waist 

circumference, waist: hip ratio and subscapular: triceps ratio). Boys in the highest fifth for 

waist circumference had higher mean fasting glucose than other boys (5.22 mmol/L), 

including boys in the highest fifth for other variables. In girls, glucose showed a positive 

relationship with all three central adiposity variables, with particular increases be

fourth and highest fifths. For waist circumference there was an overall increase of 0.03 

mmol/L (p=0.04), for waist: hip ratio 0.04 mmol/L (p=0.003), and for subscapular: tricep

ratio 0.04 mmol/L, p=0.001. There was evidence of gender interaction for subscapular

triceps ratio (test for interaction, p= 0.03) but not for waist 

tween the 

s 

: 

or waist: hip ratio (tests for 

ot be 

h yes 

ems 

n; 

 

is 

s were not similar (Section 

.3.2).  

eight, weight and body 

es of general adiposity (body 

ence 

ted 

r 

interaction, p=0.32 and 0.42 respectively). 

 

7.4 DISCUSSION 

The baseline differences seen in waist: hip ratio between children with blood tests and 

others may be linked to fasting status; if so the results for insulin and glucose would n

affected as these are fasting children only. It is difficult to advocate for adjusting for 

fasting status throughout the study as this was a self-reported yes/no variable, in whic

may mean anything from a large breakfast to a few sips of water. The link to fasting se

a plausible explanation for the differences in waist: hip ratios but there are other possible 

explanations linked to the age difference between the groups such as exercise level.  

The difference in body fat percent from bioimpedance level is also difficult to explai

possibly linked to fasting status as biochemical changes are known to affect the value of

this variable (Houtkooper et al 1992). Other explanations may be residual confounding by 

age, or observer variation. Decision was taken early in analysis not to attempt to adjust th

variable for observer as it was clear that the measured group

4

Systolic blood pressure showed strong positive relations with h

mass index, both among boys and girls. Among the measur

mass index, sum of skinfolds, body fat percent), body mass index showed the strongest 

relationship with blood pressure. Among markers of central adiposity, waist circumfer

(though not waist hip ratio) and subscapular triceps skinfold ratios were positively rela

to systolic pressure. Among boys (though not girls) waist circumference showed a stronge

relation to systolic pressure than body mass index. 
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Insulin level was not strongly related to height, but showed strong positive relations with 

weight and body mass index, both among boys and girls. Among the measures of genera

adiposity (body mass index, sum of skinfolds, body fat percent), body mass index showed 

the strongest relationship with insulin in boys, while body fat percent was stronger in girls

Among markers of central adiposity, waist circumference and to a lesser extent waist-hip

ratio were related to insulin level in both sexes; in boys (though not in girls) the 

relationships were almost as strong as for body mass index. Fasting glucose levels showed

little relation to height, weight or any adiposity measures (general or central) in boys. In

girls however, all adiposity measures showed modest positive associations of similar 

strength with glucose level.  

Adjustment for pubertal stage would be potentially valuable, particularly for the anal

of fasting insulin, which varies with pubertal stage, being slightly higher in mid-puberty, 

linked to pubertal changes; growth hormone is associated with insulin resistance 

(American Diabetes Association 2000). Additional adjustment both for age and pub

(data not presented) did not materially alter most of the relationships described. The 

strength of the relations between systolic blood pressure and height, weight, BMI, wa

circumference were slightly reduced, though they remained the factors most closely 

associated with systolic bloo

l 

. 

 

 

 

yses 

erty 

ist 

d pressure. The relationship between waist: hip ratio and 

ystolic blood pressure became statistically significant after adjustment for age and puberty 

 the 

girls, 

 results 

STUDIES 

s

in boys (p=0.02), but not in girls. Adjustment for pubertal status had little effect on

results seen with insulin and glucose levels, except that the associations with height 

became insignificant (negative association between height and fasting glucose in 

positive association between height and fasting insulin in boys). Essentially similar

to those for fasting insulin were found when the HOMA model (glucose x insulin/22.5) 

(Matthews et al, 1985) was used as the dependent variable. 

 

7.4.1 RELATION OF FINDINGS TO OTHER 

7.4.1.1 Systolic blood pressure and adiposity measures 

When comparing our systolic blood pressure results to the Health Survey for Engla

16-24 year olds mean systolic blood pressures (113.4 for women, 123.2 for men), the 

levels we observed in girls are high. This cannot simply be due to Dinamap recording 

systolic blood pressure about 8mm higher than a mercury sphygmomanometer (Whincup 

et al. 1992c) as a similar degree of high readings were not seen in boys. It could be due to 

greater situational anxiety among the girls. The difference in systolic blood pressure 

nd 2003 
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between the lowest and highest BMI groups is broadly comparable with that found by Mc

Murray et al in the Cardiovascular Health in School (CHIC) study in the USA

 

, where a 

ed survey of 9-16 year olds. Other surveys in children and adolescents have 

07, 

 was 

d 

), 

ld 

.  

difference of 4mmHg was found between obese and non obese boys at age 8-10 years, and 

5mmHg in girls; similar to the differences between our 2nd and 5th fifths for BMI in both 

sexes (McMurray et al, 1995). Our finding that BMI is strongly associated with systolic 

blood pressure is in agreement with the findings of Paradis (Paradis et al, 2004), who 

found similar graded associations between systolic blood pressure and fifths of BMI in a 

school-bas

found strong associations between systolic blood pressure and BMI (Vizcaíno et al, 20

de Silva et al, 2006, Ribeiro et al, 2003 {8-16 year olds}). There were no other studies 

comparing BMI with as many other measures of adiposity as in our study. Vizcaíno 

comparing BMI and body fat percent in children aged 8-11 found that body fat percent

more closely related to serum markers of cardiovascular risk, and BMI to systolic blood 

pressure. De Silva found stronger associations for BMI and waist circumference in 

children and adolescents with systolic blood pressure than for body fat percent. Paradis 

found a similar association for subscapular and triceps skinfolds with systolic bloo

pressure as found with BMI (in 9-16 year olds) but did not comment on the comparative 

strength of the association.  

 

Studies of obese and non-obese subjects suggest that raised blood pressure which 

accompanies weight gain improves upon weight loss (Reinehr et al, 2004, 2005a, 2005b

as does insulin resistance and lipid profile. The physiological mechanism for the 

hypertension remains unclear but may be due to alteration in the balance between 

sympathetic and parasympathetic nervous systems (Daniels 2002). Further analyses cou

be done on our study population to look at the diastolic blood pressure distribution

 

7.4.1.2 Fasting insulin and adiposity measures 

Our values for fasting insulin fall within the expected ranges (7-24mU/L), except 

lowest quintile of sum of skinfolds in girls (6.9 mU/L), suggesting that this group 

contained some extremel

for the 

y thin subjects. The higher values seen in girls compared to boys 

re consistent with findings in other studies both in younger, 5 year-old children (Murphy 

e et al, 2006). Murphy hypothesised that 

e 

a

et al, 2004) and in older, 9-16 year-olds (Punthake

these are sex-linked genetic differences. Boys in our study showed the largest percentag

changes in fasting insulin; this may be in agreement with other work suggesting that 
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adolescent boys are particularly responsive to adiposity in terms of adverse biochemical 

changes (Reiterer et al, 1999 {leptin}, Punthakee et al, 2006 {adiponectin}). 

The association of fasting insulin with adiposity in children has been found in other studie

including children as young as 2-3 years (Shea) (Shea et al, 2003, Krekoukia et al, 2007

Knip, Nuutinen 1993). In intervention programmes for obese children serum lipid pro

and insulin normalise or improve with reduction in BMI (Reinehr et al, 2005a, 20

Reiterer et al, 1999, Nuutinen, Knip,1992) and worsen with increasing obesity (Reine

al, 2004). 

Most studies have used BMI to assess adiposity, sometimes with one other adiposity

measure, then conclude th

s 

, 

file 

05b, 

hr et 

 

at BMI is the superior measure. Punthakee collected subscapular 

 were 

 in 

d 

eart 

; it 

as concluded that if BMI was known, triceps skinfold thickness (the other adiposity 

r levels’ (Freedman et al, 

and 

 

th the largest per cent increase in fasting insulin in 

 

and triceps skinfold data but did not include them in multivariable analyses as they

highly correlated with BMI (z scores) and BMI was deemed to be the most ‘clinically 

applicable’ measure (Punthakee et al, 2006). Raitakari et al in the Cardiovascular risk

Young Finns study when looking at insulin increases with BMI and subscapular skin fol

measurement concluded that insulin increased with both measures but more significantly 

with BMI. With both body size measures in their regression model the trend with 

subscapular skinfold became insignificant (Raitakari et al, 1995). In the Bogalusa H

study (5-17 year olds) lipid profile, insulin and blood pressure levels were investigated

w

variable used) ‘provided little additional information on risk facto

1999). More recently Krekoukia found that both body fat percent (from skinfolds) 

waist circumference were positively associated with fasting insulin in 9-11.5 year olds but

not comparing the strength of the association with that for BMI (Krekoukia et al, 2007). 

In our study BMI was associated wi

boys and second largest in girls, after body fat percent from bioimpedance. Waist 

circumference had the most significant effect on insulin when considering the central 

measures of adiposity, being second after BMI in boys and third after total body fat and

BMI in girls. This appears consistent with the body imaging findings that insulin 

production and function were related to total body fat and subcutaneous abdominal fat 

(Goran, Gower, 1998).  

 

7.4.1.3 Fasting glucose and adiposity measures 

The finding of slightly higher blood glucose in boys than girls is in keeping with other 

tudies (Murphy et al, 2004, Punthakee et al, 2005). In boys no measures of general or s
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central adiposity showed a significant relationship with fasting glucose. Sum of skinfolds 

 

an 

aemic control in some of these individuals.  

ity 

lin 

lin resistance in population studies was established by Laakso, 

who reported its suitability for normoglycaemic subjects as well as those with impaired 

glucose tolerance and NIDDM, whereas the correlation of post-load insulin levels with 

directly measured insulin resistance varied greatly (Laakso 1993). 

 

showed a graded positive association with fasting glucose but did not achieve significance

(p=0.07). For all adiposity measures the greatest increases were seen between 4th and 5th 

fifths. The highest mean fasting glucose levels (5.22) of all were in the highest fifth of 

waist circumference. In girls all adiposity variables except height and weight show a 

positive relationship with fasting glucose, the most significant changes are with 

subscapular: triceps ratio, waist: hip ratio then BMI; for girls the central measures of 

adiposity are a ‘better’ measure of fasting glucose than BMI. The highest value for me

fasting glucose in girls (5.11) is seen in the highest fifths for waist: hip ratio, waist 

circumference and BMI. 

The finding of a clearer relationship of fasting glucose to central adiposity in girls 

compared to boys is similar to findings in adults (Haffner et al, 1991, using subscapular: 

triceps ratio as a measure of ‘centrality’). The small absolute changes seen in fasting 

glucose are as expected; even in groups of very obese children raised fasting glucose is 

uncommon, although insulin resistance can be seen in up to 40% (Viner et al, 2005), and 

may be a precursor to Type II diabetes (i.e. loss of glycaemic control (McCance et al, 

1994). The increase in mean glucose seen in the highest quintile for most adiposity 

measures implies a degree of loss of glyc

 

7.4.2 STRENGTHS AND WEAKNESSES OF THE STUDY 

Strengths of the study include the representative, school-based population, with a 

reasonably high response rate. A wide range of measures of general and central adipos

were obtained, allowing comparison, although none of the adiposity measures is a `gold 

standard’ measure like DXA scan.  

This wave of the study did not include oral glucose tolerance testing, which would have 

allowed more detailed investigation of insulin sensitivity and particularly of beta-cell 

function. However recent work suggests that raw fasting insulin and glucose data have 

acceptable sensitivity and high specificity when identifying adolescent subjects with 

insulin resistance syndrome (Viner et al, 2005). In addition, the validity of fasting insu

as a good marker of insu
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7.5 IMPLICATIONS FOR AETIOLOGY AND PREVENTION 

The relations between adiposity, blood pressure and insulin resistance in adolescents are 

kely to reflect causal associations. They are strong, graded and consistent for different 

easure  other studies sh crea  p

development of adverse changes in blood pressure and insuli Sinaiko e

 a t the effe iposi ersib ehr et al, 

iterer et al, 1999, Nuutinen, Knip 1992). This suggests that the rising levels of 

d obesity may well have important adverse consequences for the risks of 

ular disease and type 2 diabetes. This is borne out by current time trends both in 

 other s, partic r type etes, w how that ris els of 

being accompanied b d incr risks 2 diabetes, which is 

incre  younge (Ehtisham et al, 2000, Pinhas-Hamel, Zeitler 2005). 

ion for coronary heart disease is more complex. Despite the increase in obesity 

tes onary hea ease in t  are dec . This proba flects a 

osu other, stro isk factors for coronary heart disease (particularly 

smoking DL-cholesterol levels) (Whincup, Deanfield 2005). However, it is 

xtent of the decline in coronary heart disease is being limited by rising 

ity (Hardoon et al, 2008).  

ntion of ity will d  on measures to reduce calorie intake, in  

nergy expenditure or a combination of the two. This might be achieved either by 

opulation or high risk strategies (Rose 1992); in reality both approaches can be used 

e 

ods and drinks, or fa rgy expendi encourag ng or formal 

ities. The risk’ approach, identifying subjects on e basis of their body 

x or waist circumference, could be used to define a group of subjects who would 

ic encouragement to eight. An exam ‘WATCH 

eed t obese ch dvantaged unities (Rudolf 

006).  These different approaches to prevention are discussed in more detail in 

li

adiposity m s. Data from ow that in ses in adiposity

n level (

recede the 

t al, 1999, 

Bao et al, 1994)

2005b, Re

adiposity an

cardiovasc

nd tha cts of ad ty are rev le (Rein 2005a, 

the UK and  setting ularly fo  2 diab hich s ing lev

obesity are y marke eases in of type 

occurring at 

The situat

asingly r ages 

prevalence, ra of cor rt dis he UK lining bly re

decline in exp re to nger, r

cigarette 

likely that the e

levels of obes

 and L

 

The preve  obes epend crease

e

p

simultaneously. Population-wide measures could reduce the consumption of energy dens

fo cilitate ene ture, either by ing walki

exercise activ

mass inde

 `high- th

receive focussed adv e and  lose w ple is the 

IT’ programme in L

et al, 2

s, targeted a ildren in disa  comm

Chapter 8 (section 8.5). 
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Table 7. 1 Numbers of children with cardiovascular risk factor measures 

SBP (systolic b

 

l  pressure n mmHg, insulin mU/L, Glucose mmol/L. 

Variable Number of 

Subjects 

Mean Median Interquartile 

Range 

ood ) i

Standard 

Deviation 

Systolic bloo

pressure 

(SBP

d 

): all 

children 

.38 20.00 18.00 2643 121 1  13.06 

SBP boys 1408 123.93 122.5 20.0 13.57 

SBP girls 1235 118.47 117.00 15.50 11.81 

Insulin: all 

children 

1523 10.26 7.30 5.10 6.43 

Insulin boys 838 9.73 8.10 5.20 7.01 

Insulin girls 685 10.90 9.70 5.00 5.58 

Fasting 

glucose(FG): 

all children 

1501 5.06 5.00 0.50 0.47 

FG boys 829 5.14 5.10 0.50 0.45 

FG girls 672 4.96 4.90 0.60 0.47 

 

 

Table 7. 2 Effect of whether child (subject) had fasted on insulin and glucose levels 
 Fasted* Not fasted* P value 

Number of 

children 

1335 154  

Insulin, ls mean + 8.92 10.77 <0.0001 

Glucose, ls mean 

(SE) 

5.07 (0.04) 5.06 (0.01) 0.88 

*11 children- information missing 

+ analysed as log variable 
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Table 7. 3 Observer variation in systolic BP measurement (after adjustment for age 
nd gender). 

r (no 

en) 

1 

(429) 66) 

3 

(302)

4 

(283) 

5 

(960

p value for 

inter-

observer 

difference  

a
Observe

of childr

2 

(6  ) 

Systolic BP 

(SE) (mm 

Hg) 

118.8 

(0.6) 

120.8 

(0.5) 

121.1 

(0.7) 

119.4 

(0.8) 

123.1 

(0.4) 

p<0.0001 
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Table 7. 4 Tests fo
 

Height <0.0001 

We

 167

r gender interaction, p values for difference 
SBP Fasting Insulin+ Fasting Glucose 

0.20 0.69 

ight 0.001 0.74 0.35 

BMI 0.91 0.26 0.16 

Sum of Skinfolds 0.14 0.30 0.39 

Fat % from 

bioimpedance 

0.24 0.78 0.96 

    

Waist circ. 0.19 0.38 0.32 

WHR 1.0 0.16 0.42 

STR 0.10 0.0004 0.03 

 

+ ana d as glyse  lo  variable 



 

Table 7. 5 Fifths of adiposity measures 
Fifths mean (range)  : 

BOYS 1 2 3 4 5 

Height m 1.56 (1.38-1.61) 1.64 (1.61-1.67) 1.69 (1.67-1.72) 1.74 (1.72-1.76) ) 1.81 (1.77-1.96

Weight kg 43.1 (26.2-48.4) 51.6 (48.5-54 57.3 (5 ) 6 1-68.1) .5) 4.6-60.0 3.7 (60. 78.1 (68.2-134.0) 

BMI 16.8 (13.7-17.9) 18.5 (17.9-19 19.8 (1 ) 2 .5-22.7) .1) 9.1-20.5 1.5 (20 26.0 (22.7-41.7) 

Sum of skinfolds mm 7.2-26.6) 29.6 (26.8-32 35.8 (3 ) 4 .4-58.4) 23.6 (1 .4) 2.4-40.2 8.5 (40 80.8 (58.5-140.0) 

Body fat % 14.7 (2.7-16.9) 18.2 (16.9-19 20.8 (1 ) 2 .3-26.4) .5) 9.5-22.3 4.2 (22 30.7 (26.4-45.1) 

Waist circ. 62.4 (53.8-65.1) 66.6 (65.2-68 69.8 (6 ) 7 .3-76.9) .0) 8.0-71.3 3.7 (71 85.4 (76.9-120.0) 

WHR 0.73 (0.65-0.75) 0.76 (0.75-0.7 0.78 (0 ) 0. 9-0.82) 7) .77-0.79 80 (0.7 0.86 (0.82-1.34) 

STR 0.51 (0.19-0.62) 0.67 (0.62-0.7 0.79 (0 ) 0. 5-0.99) 3) .73-0.85 92 (0.8 1.15 (1.00-1.67) 

GIRLS  2 3 4 1   5 

Height m 53 (1.43-1.57) 1.59 (1.57-1.6 1.62 (1 1.64) 1.  (1.64-1.67) 1. 0) .60- 65 1.71 (1.67-1.82) 

Weight kg 43.7 (30.3-47.2) 49.8 (47.3-52.2) 54.3 (52.3-56.8) 59.8 (56.9-63.4) 72.4 (63.5-100.9) 

BMI 17.2 (13.5-18.3) 19.2 (18.3-20.0) 20.7 (20.0-21.4) 22.4 (21.5-23.7) ) 27.1 (23.8-38.4

Sum of skinfolds mm 1.8-41.6) 46.5 (41.6-51 56.4 (5 ) 6 .6-78.8) 35.2 (2 .6) 1.8-61.4 9.6 (61 96.6 (79.0-141.4) 

Body fat % 25.3 (14.3-28.1) 29.4 (28.1-30 31.9 (3 ) 3 .0-36.0) .7) 0.7-33.0 4.3 (33 38.9 (36.0-47.1) 

Waist circ.cm 1.2-61.5) 63.2 (61.6-64 66.3 (6 ) 7 .1-73.5) 59.2 (5 .6) 4.7-68.0 0.5 (68 81.0 (73.6-107.2) 

WHR 0.67 (0.62-0.69) 0.70 (0.69-0.7 0.72 (0 ) 0. 3-0.76) 1) .71-0.73 75 (0.7 0.80 (0.76-1.30) 

STR 0.48 (0.25-0.56) 0.62 (0.56-0.6 0.71 (0 ) 0. 6-0.90) 6) .66-0.76 82 (0.7 1.05 (0.90-1.66) 
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lue 

Table 7. 6 Systolic Blood Pressure (SBP) by fifth of body size variables, adjusted for observer 
 3 4 5 BOYS 1 2 Increase in SBP (95%CI)

with fifth of body s

variable, p va

Height (m) 116.1 1 .0 7.7 8.59  001 122. 126 12 12 3.1(3.0to3.2)), p<0.0

Weight (kg)  115.5 122.4 .7 8.1 8.5 1 125 12 12 3.2 (2.7to3.7), p<0.000

BMI (kg/m2) 117.6 6 .4 8.7 6.1  123. 124 12 12 2.3 (1.8to2.8),p<0.0001

Sum of skinfolds (mm) 121.3 9 .8 4.4 5.2 0.8 (0.3to1.4),p=0.002 123. 124 12 12

Body Fat % 122.7 6 .2 5.1 4.6  122. 125 12 12 0.7 (0.2to1.2),p=0.01

Waist circ. (cm) 117.7 122.4 .9 7.6 7.8  124 12 12 2.5 (2.0to3.0),p<0.0001

WHR 124.1 1 .5 3.1 5.5  123. 124 12 12 0.2 (0.7to-0.3),p=0.44

STR  9 .4 5.5 6.6 001 119.2 123. 124 12 12 1.6 (1.1to2.1),p<0.0

GIRLS 1 2 3 4 5 , 

ize 

lue  

Increase in SBP (95%CI)

with fifth of body s

variable, p va

Height (m) 117.7 6 .1 8.8 0.9  01 117. 118 11 12 0.8 (0.3to1.3), p=0.0

Weight (kg)  115.4 0 .2 9.5 1.9 01 117. 119 11 12 1.5 (1.1to2.0), p<0.00

BMI (kg/m2) 115.9 4 .8 0.9 1.0  116. 118 12 12 1.4 (1.0to1.9),p<0.0001

Sum of skinfolds (mm) 114.8 119.0 .8 9.7 0.9  117 11 12 1.2 (0.7to1.7),p<0.0001

Body Fat % 117.3 8 118.8 9.0 0.5 7 116. 11 12 0.9 (0.4to1.3), p=0.000

Waist circ. (cm)  4 .8 0.1 121.3  116.5 117. 117 12 1.1 (0.7to1.6),p<0.0001

WHR 118.6 9 .7 7.7 0.1  0 117. 118 11 12 0.2 (0.7to-0.3), p=0.5

STR 117.9 3 .5 9.3 119.7  117. 118 11 0.6 (0.1to1.0),p=0.02

 



 

170

nalysed as log variable 
5 Inc CI), 
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vari

Table 7. 7 Insulin by fifth of body size variables, adjusted for time of day. Insulin a
2 3 4 BOYS 1  rease in Insulin (95%

h fifth of body size 

able, p value 

Height (m)   8  8.51 8.51 2.87.69 7.83 .35 %(0.2 to5.3), p=0.03 

Weight (kg)  7.10  7  8.12 10.  9.2%(6.7to11.7),p<0.0001 7.53 .84 41

BMI (kg/m2) 7.10  7  8.87 11.  11.2  7.54 .16 07 %(10.8to11.4),p<0.0001

Sum of skinfolds (mm)   8  8.52 10.46 10.1  6.90 7.37 .09 %(7.5to12.7),p<0.0001

Body Fat % 7.15  7  8.28 10.  9.8  7.30 .92 61 %(7.2to12.5), p<0.0001

Waist circ. (cm)   7  8.22 11.  10.4  7.09 7.64 .54 20 %(7.8to12.9),p<0.0001

WHR   8.13 8.23 10.  6.3  7.53 7.84 13 %(3.9to8.9),p<0.0001

STR 7.55 6 7  8.28 8.50 2.0  8.6 .98 %(4.4to-0.5),p=0.11

GIRLS 1 2 3 4 5 Inc

wi

variable, p value 

rease in Insulin (95%CI), 

th fifth of body size 

Height (m) 10.24  9  9.91 9.48 -1.5  9.91 .79 %(0.8to-2.3), p=0.2

Weight (kg)  9.15  9  9.43 12.  6.8  9.01 .43 25 %(4.3to9.3), p<0.0001

BMI (kg/m2) 9.03  9  9.65 12.  8.5  8.76 .25 93 %(6.1to11.0),p<0.0001

Sum of skinfolds (mm)   9  9.79 12.  7.6  8.80 8.93 .13 05 %(5.2to10.0),p<0.0001

Body Fat % 8.94  9  9.68 12.  9.0  8.62 .02 50 %(6.5to11.5),p<0.0001

Waist circ. (cm)   8.96 9.66 12.  7.8  9.35 8.75 89 %(5.3to10.2),p<0.0001

WHR   9.69 9.30 12.  6.3%(3.9to8.7),p<0.0001 9.39 8.86 56

STR 9.23 9.05 9.75 9.55 11.30 4.8%(2.4to7.2),p<0.0001 
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lue 

Table 7. 8 Fasting glucose by fifth of bod
BOYS 1 

y size variables, adjuste
2 3

d for time of day. 
 4 5 Increase in Glucos

(95%CI), with fift
body size variable, 

 e
h of 
p va

Height (m) 5.14 5.16 5.15 5.10 5.13 -0.01 (0.01to-0.03), 4 p=0.

Weight (kg)  5.17 5.13 5.16 5.12 5.13 -0.01 (0.01to-0.03),p-=0.4 

BMI (kg/m2) 5.18 5.13 5.06 5.15 5.17 -0.00(0.02to-0.02),p=0.9 

Sum of skinfolds (mm) 5.08 5.16 5.10 5.16 5.19 0.02 (-0.001to0.04),p=0.07 

Body Fat % 5.18 5.12 5.12 5.15 5.15 -0.00(0.02to-0.02),p=0.9 

Waist circ. (cm) 5.15 5.14 5.11 5.08 5.22 0.01(0.03to-0.01),p=0.45 

WHR 5.12 5.14 5.16 5.10 5.17 0.004(0.03to-0.02),p=0.68 

STR 5.14 5.15 5.13 5.11 5.16 0.00(0.02to-0.02),p=0.93 

GIRLS 1 2 3 4 5 Increase in Glucos
(95%CI), with fift
body size variable, 

 e
h of 
p value 

 

Height (m) 5.09 4.99 4.98 4.92 4.92 -0.04(-0.01to-0.07),

p=0.004 

 

Weight (kg)  5.05 4.92 4.93 4.90 5.07 0.01(-0.02to0.04), p=0.63 

BMI (kg/m2) 4.92 4.96 4.96 4.92 5.10 0.03(0to0.06),p=0.02 

Sum of skinfolds (mm) 4.94 4.92 4.96 4.94 5.07 0.03(0to0.06),p=0.03 

Body Fat % 4.93 4.97 4.91 4.95 5.07 0.03(0.002to0.06),p=0.04 

Waist circ. (cm) 4.95 4.94 4.98 4.90 5.11 0.03(0.001to0.06),p=0.04 

WHR 4.93 4.94 4.93 4.98 5.11 0.04(0.01to0.07),p=0.003 

STR 4.90 4.89 4.99 4.99 5.07 0.04(0.01to0.07),p=0.001 

 



 

CHAPTER 8: CONCLUSION 

 

8.0 SUMMARY 

Body mass index is a useful measure of general adiposity in 13-16 year olds, being 

significantly associated with adverse patterns of cardiovascular risk factors (higher sys

blood pressure, fasting insulin). Limitations of BMI inc

tolic 

lude that it is not independent of 

pubertal stage and did not show as close associations to physical activity level as other 

MI may not be ideal for assessing improvements in adiposity level 

with increased exercise, in both individuals and populations. Sum of skinfolds are 

relatively difficult to measure accurately, particularly in the obese; crude ‘pinch’ type 

estimates may be useful for self-assessment, as skinfolds were a good measure of general 

adiposity. Body fat percent from bioimpedance appeared to reflect differing levels of 

adiposity in the population but it is not clear that this would translate to individual 

measurement, due to reliance on formulas and assumptions about body composition. The 

purported central measures of adiposity did not correlate closely to each other and it was 

not clear that they represented central adiposity (visceral fat) in this age group. Waist 

circumference is a simple measure that appeared to represent general, rather than central 

adiposity in this age group and may be useful as an adjunct to BMI. 

Levels of adiposity are rising in adolescents in Britain with consequent increase in 

prevalence of obesity and overweight, as demonstrated in this study and others. Excess 

adiposity is causing an increasing health burden including rising levels of type 2 diabetes, 

adverse lipid profile, reduced arterial distensibility and hypertension. Tracking of excess 

ikely in adolescence than childhood, in lower social classes 

f 

f 

e 

 

ods. 

measures of adiposity. B

adiposity to adult life is more l

and if parents are obese. Prevention of excess adiposity is a public health priority.  

Strategies for prevention of excess adiposity may include high-risk and population 

strategies. Obesity is essentially an imbalance between energy (calorie) intake and energy 

expenditure as physical activity; interventions would need to address this imbalance. 

Currently high risk strategies are used in identifying those who are obese on the basis o

BMI; individuals then receive treatment including intensive activity programmes and 

dietary supervision. Currently there is lack of evidence supporting the effectiveness o

these intensive interventions. Population strategies would include measures to encourag

all adolescents to become more physically active, perhaps through a combination of 

dedicated sports provision and encouraging building activity into everyday life. It would

also include population-wide campaigns to decrease intake of high-fat, high-sugar fo
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Key priorities for research include further investigation of valid measures of central 

adiposity in this age group. Comparative neighbourhood studies may help to clarify the 

een 

evidence 

.1 INTRODUCTION

underlying impediments and adverse pressures to healthy behaviour, for example betw

adolescents in Rhondda (high adiposity) and Bath (low adiposity). High quality 

on effective interventions for adiposity in adolescents is also needed, both in terms of 

population measures and for those identified as obese. 

 

8  

The previous chapters have examined a range of different measures of adiposity in a group 

of 13-16 year olds, including their interrelationships and distribution in the study 

population (Chapter 4), and association with selected markers of cardiovascular risk 

(Chapter 7). Selected correlates (geographic, ethnic, social class) and determinants 

(parental BMI, breast feeding, physical activity level) of adiposity were also examined in 

Chapters 5 and 6 respectively. In Chapter 4 the study population was compared with 

proposed international standards for obesity. In this chapter the implications of the study’s 

findings are considered in more detail. An overview of the main findings of this thesis with 

regard to adiposity in adolescence is presented in Section 8.2. Section 8.3 examines the 

implications of the findings of this thesis with regard to the measurement of adiposity in 

adolescence. Section 8.4 examines the potential public health importance of the findings of 

this thesis and the final section, 8.5, looks at some implications arising from this work for 

further research together with some suggestions for further studies. 

 

8.2 THE MAIN FINDINGS 

In the study population measures of general adiposity were all highly correlated to each 

ther. Among the measures of central adiposity waist circumference was highly correlated 

ps 

eneral 

y fat 

sed 

et al 

o

to general adiposity measures, but less strongly to waist: hip ratio and subscapular: trice

ratio; interrelationships between central measures were not as strong as between g

measures.  The age-and puberty-related changes seen in this group of 13-16 year olds 

included older boys being taller and heavier with more centralized distribution of bod

but lower subcutaneous and total body fat compared to girls. The effects of age and 

puberty were synergistic but independent. This group of adolescents showed increa

obesity levels when compared to the proposed international cutoffs for obesity (Cole 

2000); 10% being obese and 25% overweight. They also showed higher than expected 

waist circumference measurements, in keeping with contemporaneous national and 
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international trends (McCarthy et al 2003, Moreno et al 2005, Rudolf et al 2004, 

2006). 

Adiposity showed associations with the cardiovascular risk factors studied, showing 

consistent, graded relationships with SBP and fasting insulin in study children. 

Associations were strongest with BMI and waist circumference in boys and BMI and body 

fat % in girls. In girls but not boys all adiposity measures showed modest positive 

associations of similar strength with fasting glucose level. 

 

Li C et al 

here were marked geographic variations between towns in all variables. Children in 

se differences did not 

 

nces 

ent in 

es in adiposity, in contrast, were only 

apparent in girls, in whom general adiposity measures (BMI, body fat percent) and central 

n. 

ild physical activity level 

were found to have positive associations with child adiposity; breast feeding was 

 social class.  General adiposity in the children showed a graded 

 the 

ral adiposity. Child’s self-reported habitual level of exercise and 

 

T

Rhondda had particularly high levels of adiposity.  However, the

really follow a North: South high/low mortality pattern, except for height, which showed a

low –high mortality town difference of 1.8cm for boys and 2.2cm for girls.  Although 

children in low mortality towns tended to have lower adiposity measures, these differe

were not large or statistically significant. Social class differences were also appar

height both in boys and girls.  Social differenc

adiposity measures (waist circumference, waist: hip ratio) tended to increase with lower 

social class; such associations were not apparent in boys. In analyses based on boys and 

girls combined, children from lower social classes were shorter, with higher body fat 

percent and waist: hip ratio than other children; differences in body fat percent were 

confounded by town. Ethnic differences were also seen with South Asian children, who 

were shorter and lighter with lower BMI and higher body fat percent than white childre

The effect was stronger in girls. Of the central measures of adiposity only subscapular: 

triceps ratio showed an ethnic difference, being significantly higher in South Asians. 

 

Of the determinants of adiposity studied parental BMI and ch

associated with lower levels of adiposity but this was largely due to confounding by other 

factors, particularly

association with both mother’s and father’s BMI, as did waist circumference among

measures of cent

perception of themselves as an active or inactive person are both linked to adiposity 

measures. For habitual exercise taken the strongest relationships in both sexes were seen

with measures of general adiposity other than BMI, particularly skinfold thickness and 
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body fat %; general adiposity was lower in higher exercise groups, as was waist 

circumference in boys. Between the ages of 13 and 15 years older boys’ participation

regular exercise was higher and girls’ lower. At age 15 boys were twice as likely as girls to 

take exercise 4 or more times a week (60% vs 30%). Overall 25% of girls took no exercis

as was the case for 12% of boys. Adiposity measures were lower among subjects who had 

been exclusively breast fed in the first three months; differences in measures of general 

adiposity and also waist-hip ratio were statistically significant. However after adjusting fo

confounders only differences in sum of skinfolds remained significant. 

 

8.2.1 STRENGTHS AND LIMITATIO

 in 

e, 

r 

NS OF THE STUDY 

ajor strengths of this study were the use of a comprehensive range of easily conducted, 

non-invasive adiposity measures, designed to investigate the presence of both general and 

ity in 

 

al 

nd 

N 

M

central adiposity, in a representative school-based population with a reasonably high 

response rate. The data were collected within one school year, during term time, 

minimizing confounding by external factors.  

 

The study design, although adequate for studying patterns and determinants of adipos

individuals, had limited value for comparisons of the health of children from towns with

high and low adult cardiovascular mortality. Only substantial differences between high and 

low mortality towns could be detected due to limited statistical power (five versus five 

towns). Several of the exposure measures studied relied on self reporting. The physic

activity level relied on self-reporting and is likely to have introduced imprecision a

potentially bias to the recording of physical activity; use of accelerometers would have 

provided more accurate assessment of actual exercise level. Reporting of breast feeding 

practice by the parent is known to be accurate over an extended period. Self-reported 

parental height and weight is known to be reasonably valid. 

 

8.3 IMPLICATIONS OF THE FINDINGS FOR MEASUREMENT OF ADIPOSITY I

ADOLESCENTS 

8.3.1 BMI IS A VALID MARKER OFADIPOSITY IN THE ADOLESCENT 

POPULATION 

Currently in both epidemiological and clinical practice BMI is the measure used for both 

onitoring population levels of adiposity and for individual assessment of obesity and 

verweight. Evidence from this study confirms that in 13-16 year olds higher BMI (after 

m

o

 175



 

age adjustment) is significantly associated with adverse patterns of cardiovascular risk 

factors (higher systolic blood pressure, fasting insulin). Although other measures of 

general adiposity are also associated with these risk factors, the strength of the associations 

seen are generally weaker. This seems to support the choice of BMI, as opposed to other 

measures of general adiposity, in assessing adiposity. It also suggests that the formation of 

cut offs for BMI defining obesity and overweight in adolescence do have meaning in term

of risk i.e. those at the top of the BMI distribution are also the top end of the distribution 

for SBP and fasting insulin; defining a group at particular risk of adverse arterial and 

metabolic changes. This is consistent with findings in other studies, notably the Bogalu

Heart Study (Reilly et al 2003, review). 

 

8.3.2 LIMITATIONS OF USE OF 

s 

sa 

BMI IN ADOLESCENTS 

o measures of adiposity were independent of pubertal changes, except for waist: hip ratio 

dent of age. This 

 

 

N

and subscapular: triceps ratio in girls; the pubertal changes were indepen

has implications that pubertal stage may act as a confounding factor in assessing

population change in adiposity, particularly if the age of puberty is falling over time, as 

previously demonstrated by the age at menarche in study girls (Whincup et al 2001). 

Pubertal stage may also act as a confounder when comparing adiposity levels between 

adolescent populations that have different mean timing of puberty. When assessing BMI in

individuals, approximate pubertal status needs to be taken into account. As BMI is not 

independent of height in childhood and adolescence it is less sensitive at identifying 

adiposity in short children (Mulligan et al 1999); short children in our study were 

overrepresented in disadvantaged or high-risk groups; including lower social class boys, 

South Asian children and children in high mortality towns. This suggests that on both an 

individual level (BMI cut offs on growth charts) and on population monitoring, r

BMI measurement to define adiposity in these groups is potentially misleading. For 

eliance on 

xample the greater adiposity seen in Asian children was only apparent on body fat percent e

and subscapular: triceps skinfold measurement; BMI (and waist circumference) being 

lower in Asian children than whites. One way of addressing this might be to consider the 

use of an additional measure of adiposity in children, particularly in those who might be 

considered ‘high risk’, or where there may be doubts about the validity of BMI. This will 

be considered further in Section 8.3.4. 
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8.3.3 ASSESSING CHANGES IN ADIPOSITY 

 

increased muscle mass and decreased fat mass, with little net 

change in body mass index, which reflects both fat- and fat-free mass. This suggests that 

re increasing activity as part of 

, 

 

) 

s. 

good 

 up 

 

re, 

fasting insulin in both 

genders than any other measure of central adiposity, and any measure of general adiposity 

ference reflects visceral fat and is now used in 

s 

As the data for this thesis are cross-sectional it is not possible to draw many conclusions 

about the value of these measures for detecting changes in adiposity, but it is worth noting 

that BMI was less closely associated than other measures of general adiposity to physical 

activity level. This may reflect the fact that increased levels of physical activity would tend

to be associated with both 

BMI alone may be of limited use in adolescents who a

weight reduction measures. This also raises concerns about the validity of monitoring 

adiposity in the child population using BMI coincidentally with advocating and seeking to 

enhance participation in physical activity; change (or lack of change) in BMI may be 

difficult to interpret in this context.  

 

8.3.4 WHICH ADDITIONAL MEASURE WOULD BE USEFUL? 

The evidence to definitively choose another measure to supplement BMI is not 

overwhelming from our study. Sum of skinfolds stands out as the variable that decreases 

the most with increasing activity level and which is also related to systolic blood pressure

fasting insulin and fasting glucose in both genders. Formal skinfold measurement using 

calipers requires observer training and standardization and is known to be less accurate in

overweight and obese subjects (Tanner & Whitehouse 1975, Womersley & Durnin 1977

so may not be suitable for population collection currently, although updated ‘ideal’ 

skinfold centile charts may well be helpful to enable use of skinfolds in clinical setting

Skinfolds self-assessment of the ‘if your pinch is more than an inch’ type may be a 

option for population health campaigns. Body fat percentage from bioimpedance picked

on social class and ethnic differences (genders combined) but these were better 

demonstrated by changes in waist: hip ratio and subscapular: triceps ratio respectively.

 

Considering central measures of adiposity, waist circumference may be a useful measu

being more closely associated with both systolic blood pressure and 

except BMI. Although in adults waist circum

addition to BMI to delineate ‘high-risk’ adiposity (NICE guideline 43), in our group of 

‘normal’ adolescents waist circumference did not ‘add’ to information from BMI in term

of describing differences seen and was closely related to the markers of general adiposity. 
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Waist: hip ratio and subscapular: triceps ratio were not highly correlated to each other and 

it was not clear that they acted as markers of central adiposity (visceral fat) in adolescents. 

Subscapular: triceps ratio showed a strong ethnic variation whilst waist: hip ratio did not. 

urther work has not been done at this point to look at the individual skinfolds to explore F

these differences further.  

 

8.4 NEED FOR PREVENTION OF ADIPOSITY 

Over the last 40 or so years increasing adiposity has been noted in populations in Western,

developed societies and in many other parts of the world; the increase in children appears 

particularly marked. In the Health Survey for England (children aged 2-15 years) in 1995

11% of boys and 12% of girls were obese, rising to 19% of boys and 18% of girls by 2004 

(source BHF statistics website). The rise in adiposity was also confirmed by other stu

in the UK, including in Ten Towns 13-16 year olds in this study, of whom about 25% we

overweight and 10% obese. There is an increasing health burden from these excessive 

levels of adiposity. Current time trends both in the UK and other settings show that r

levels of obesity are being accompanied by marked increases in risks of type II diabetes, 

which is occurring at increasingly younger ages (Ehtisham et al, 2000, Pinhas-Hamel et a

2005). Childhood adiposity also has strong short-term associations with less favourable 

levels of cardiovascular risk factors (higher mean blood pressure, raised total and LDL 

cholesterol, triglycerides and low HDL l

 

 

dies 

re 

ising 

l, 

evels) (Freedman et al, 1999, Morrison et al, 

999a, 1999b, Maffeis et al, 2001, Berenson et al, 1998) and with diminished arterial 

onger term studies suggest that over 60% of 

, 

1

distensibility (Whincup et al, 2005). L

overweight adolescents remain overweight as adults (Gortmaker et al, 1993, Guo et al

1994). The persistence of excessive adiposity between childhood and adult life is 

particularly strong when the excess is severe, present at older ages, is associated with 

parental obesity (Reilly 2003, review), and in lower social classes (Power et al, 1988). 

With rising levels of adiposity in adolescents there is obvious potential for an upward 

spiral in obesity, as these young people become parents themselves. 

 

8.5 STRATEGIES FOR PREVENTION 

It is clear from our findings that adiposity in adolescence is associated with adverse 

cardiovascular risk, in a graded relationship. This implies that with increasing adiposity 
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there have been corresponding changes in cardiovascular risk on a population basis that

may have substantial effects in terms of cardiovascular disease and stroke in years to come. 

Following the theories of Rose (Rose 1992) for prevention, either population- or high-risk 

strategies may be followed.  

 

8.5.1 HIGH-RISK STRATEGY 

A high-risk strategy includes identifying those at highest risk and is illustrated by RC

and NICE guidelines for individuals, defining the high-risk group as those children whose 

BMI is outside the expected range on the British BMI charts; for individuals over the 91

centile intervention may be offered, over the 98

 

PCH 

st 

ach is 

 

ity 

troduces an artificial cut-off, whereas in reality the risks associated with adiposity are 

Shaper et 

fiting 

 

for 

y 

 

ation 

cts have to be addressed. Applying this approach to child 

and adolescent adiposity would involve promotion of physical fitness and healthy eating 

th centile investigation for co-morbidities 

may be considered (Baumer 2007, Reilly et al 2002). The advantage of this appro

that intervention is targeted at those most in need, hopefully preventing further progression

to co-morbidities. The disadvantage of this approach is that the definition of obes

in

graded, and an appreciable proportion of the adverse consequences, as in adults (

al 1997), are likely to occur at average rather than high levels of adiposity. Another 

disadvantage is that overweight and obese children have to be identified before bene

from intervention; to fully implement a high-risk strategy population screening needs to

take place. Currently there is no screening process for adiposity in UK children as a pre-

requisite for screening is availability of effective intervention/ treatment and evidence 

this is lacking (Summerbell et al 2003). 

 

8.5.2 POPULATION APPROACH 

The alternative strategy for prevention is to use a population approach, attempting to 

improve the health of the majority. The theory of this is to shift the whole normal 

distribution of adiposity downwards. The benefit of this approach can be illustrated b

Shaper’s work on ‘the ideal BMI’ (Shaper et al, 1997). Although the proportion of people 

experiencing coronary heart disease is highest in the ‘obese’ group defined by BMI, the 

actual number of heart attacks occurring is greatest in the normal-overweight groups, as

there are simply so many more people in these groups. Small changes in the popul

distribution and median could have large impacts on the incidence of disease.  

As excess adiposity is fundamentally an imbalance between calorie intake and energy 

expenditure both of these aspe
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through school and media, and also information and opportunities for involvement for 

parents. It would also involve increased opportunities for physical activity in free

clarification of the barriers to this. In schools adolescents are a ‘captive audience’ who can

to an extent be encouraged to participate in exercise; the advantages of prescribing exercise

in the school setting is that it can be implemented with more uniformity than at home, and 

hopefully there is safe, accessible space in which to carry it out. However there are 

disadvantages of over-reliance on this; it puts a preventative health responsibility on 

teachers which may be appropriate for younger children but becomes more problem

 time and 

 

 

atic in 

terms of reluctant teenagers, who can even refuse acute medical attention in hospital if 

arents and children, altering the 

nd use of leisure time. 

the family is 

l 

e 

t few years is internet-

 

ing outside; creation of safe real social space for teenagers 

ed to be understood 

 several 

change may have both positive and 

egative health effects; positive if results in reduced consumption (of food and petrol), 

we die’) in 

competent. The ideal aim is to change habits for life, in p

causation of shared environment, including food choices a

Intervention focused at the child e.g. school-based may be limited in effect if 

not involved, but may be a way of introducing alternative choices to the family.  

 

Egger and Swinburn (1997) wrote of obesity being a response to an obesogenic 

environment; environment they suggest has both macro and micro levels. The micro leve

is in close proximity to the individual, altering which may change adiposity in that 

individual, however it is on the macro or wider population scale that the influences are 

found which shape the prevalence of obesity in the population as a whole. An aspect of th

‘macro’ environment that has changed dramatically over the las

based social interaction, shopping, work. Although these changes were not highly 

developed at the time of study of the present cohort, this change may accelerate further;

fears about safety can lead parents to prefer children at home social networking and 

playing on the computer to be

should be a priority. Parental and child attitudes to ‘healthy living’ ne

to enable appropriate information campaigns; immediate fears of harm from human 

violence and traffic accidents may justifiably outweigh concern about morbidity in

decades’ time. Currently the concern about climate 

n

negative if engenders despair (‘eat, drink and be merry, for tomorrow 

adolescents facing an uncertain future and feeling helpless to modify it. The constant 

negative press about young people in Britain is not helpful in this regard; fuelling a raft of 

self-destructive behaviours.  
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Social and ethnic differences seen in the study children demonstrate the development of 

high-risk groups along the ethnic and social class lines seen in adults. Particular 

intervention may be justified to educate and help prevent South Asian children becoming 

overweight and obese, as their tendency to insulin resistance (Whincup et al, 2005) m

them more likely to experience adverse cardiovascular effects at lower levels of adip

than white children. Breast feeding can not be advocated as a major preventative measure 

against adiposity; the strength of confounding implies that other factors (including social

class and maternal BMI) are playing a much more important role as determinants.  

 

8.6 SUGGESTIONS FOR FURTHER RESEARCH 

akes 

osity 

 

 

8.6.1 MEASURES OF ADIPOSITY IN CHILDHOOD 

8.6.1.1 Measures of adiposity in childhood, using the ten towns resource 

Further work might extend the study of adiposity measures, particularly to identify a valid 

arker of central adiposity, which has not so far been possible. Waist: height ratio has 

 

ossible to derive 

some normal ranges for skinfolds in white 13-15 year olds; this could be also completed 

 in the study are limited  

tors 

es in 

m

been proposed as an alternative measure of central adiposity in adolescence (Taylor et al

2000, Savva et al 2000) and could be explored in the existing Ten Towns data. It would 

also be possible to do more work on individual skinfolds, looking in more detail at relation 

to cardiovascular risk factors and ethnic differences. It would also be p

for South Asian children but numbers

Further work could be done to examine adiposity measures with cardiovascular risk fac

using the longitudinal aspects of the study (from age 5-7), to compare key measures of 

adiposity, including changes in adiposity, at different ages and their relations to chang

cardiovascular risk changes.  

8.6.1.2 Measures of adiposity in childhood, using additional data 

Thigh or calf skinfold measurements improve estimates of body fat percent from skinfolds 

in young adults (Eston et al 2005) use of these skinfolds and their relationship to 

cardiovascular risk factors could also be explored. 

 

8.6.2 DETERMINANTS AND CORRELATES OF ADIPOSITY 

Geographic differences were observed in the study children but not clearly in a high-low 

adult cardiovascular town pattern. This may be due to the development of new patterns or 

locations of high-risk for adiposity (eg urban areas, areas of socio-economic deprivation 

HSE 2006) or simply that the cumulative exposure takes longer to show effects on 
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adiposi ence 

is a much more significant influence on adiposity and cardiovascular risk than region of 

birth (Strachan et al 2007), ht) of region of birth may 

be transient. The particularly high adiposity seen in Rhondda children is echoed by 

Strachan et al’s findings in non-migrant Welsh adults and also the findings of high 

adiposity in Welsh children at age 7 in the Millenium Cohort Study (Hawkins et al 2008) 

and suggests that this population may benefit from further investigation of the causes of 

adiposity/ barriers to healthier weight. This could be based on qualitative studies in 

adolescents in Bath or Chelmsford and Rhondda, comparing leisure activities, diet, 

parental factors etc, with the aim of introducing specific changes in Rhondda and to test 

their effect on adiposity. This type of study may also help to suggest some of the social 

class-based determinants of adiposity and reasons for low physical activity levels in 

adolescent girls in particular. 

 

Further work is needed to clarify the basis for ethnic differences in adiposity measures, 

including the unexplained findings in subscapular: triceps ratio. The combination of non-

invasive adiposity measures of the kind used in this study with direct measures of body fat 

composition (DXA or MRI scanning) might be particularly valuable.  

 

8.6.3 INTERVENTION STUDIES 

There is very little evidence on interventions for population prevention of adiposity in 

teenagers; a randomized controlled trial in a group of well children, such as another school 

based study, to investigate changes in adiposity and risk factors after simple lifestyle 

changes e.g. walking a fixed amount at lunchtime and altering lunch food choices, would 

be helpful with advocating similar small changes for all. More information on the effects 

of broader environmental changes, include pedestrianising roads, introducing cycle routes 

or simply reducing speed limits near schools and assessing effects on both active transport 

and adiposity of pupils would be valuable. 

ty than the children’s 13-16 years. Recent evidence shows that region of resid

so any effects (apart from that on heig
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APPENDIX A: POSTAL QUESTIONNAIRE TO PARENTS 
 

(Reduced to 80% actual size) 
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APPENDIX B: CHILD QUESTIONNAIRE 
 

(Reduced to 80% actual size) 
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APPENDIX C: PUBERTY QUESTIONNAIRE 
 

(Reduced to 80% actual size) 
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uth 
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