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Abstract  

Introduction  Childhood obesity is currently a serious worldwide public health 

issue associated with many medical and psychosocial complications.  The increasing 

disease burden with the potential for the development of medical co-morbidities has 

implications for future health care provision. This thesis adds to the understanding of 

the medical complications of overweight and obesity in childhood. 

Design and Aims  Two different, but related, research studies are reported.   

The first study is a cross-sectional study, designed to quantify the medical 

complications of childhood obesity in primary school-aged children in Western Australia. 

This study aims to identify the medical complications of primary school children with 

overweight/obesity.  The study also aims to compare the medical complications of 

obesity in a community sample who have never sought treatment with a clinical sample 

who are actively seeking treatment for overweight/obesity.  Finally, this study also aims 

to examine the relationship between the medical complications of childhood obesity and 

a continuum of children’s Body Mass Index z-scores, including those in the normal 

range. 

The second study is an exercise intervention study to investigate the effect of 

exercise on one specific medical complication of obesity, namely insulin resistance.  

This study aims to determine if a structured eight-week exercise program significantly 

changes insulin resistance in obese children, and to determine if this decrease in insulin 

resistance is associated with changes in body composition and inflammatory markers. 

Results The cross-sectional study reports new information on the prevalence of 

the medical complications of childhood obesity in primary school aged children in 

Western Australia.  The study has found a continuum effect of increasing risk of co-

morbidity development between normal weight children, overweight/obese children who 

are not seeking treatment and overweight/obese children attending tertiary outpatient 

clinics for treatment of their weight condition.  It also reports a novel method of using 

childhood BMI z-scores as a continuous variable to assess the way that risk of various 

co-morbidities increase with increasing weight status.  This approach has found that the 



 3 

risk of most co-morbidities increases continuously across the whole spectrum of 

childhood BMI z-scores, and are not defined by a threshold effect. 

 The exercise intervention study has found that insulin resistance can be 

improved with eight weeks of exercise training in obese children.  The eight week 

exercise program was also associated with a statistically significant decrease in waist 

circumference and a statistically significant improvement in fitness.  This improvement 

in insulin resistance was independent of changes in body composition and independent 

of changes in adipocytokines. 

Conclusion The prevalence of the medical complications of overweight and obesity 

in primary school children indicates that all children should have body mass index 

regularly checked from a young age.  Children who are overweight/obese should be 

screened for the presence of co-morbidities despite a young age.  Parents and health 

professionals needs to be educated that childhood obesity is associated with medical 

co-morbidities and is not simply a social or cosmetic concern. 

The continuous nature of the BMI z-score/co-morbidities relationship suggests 

that public health and health education strategies should include adopting a population-

based approach to weight management.  This continuous relationship means that even 

in the normal BMI spectrum, the risk of developing co-morbidities rises with increasing 

BMI.  Such an approach would encourage maintenance of normal weight for all 

children, rather than targeting overweight/obese children only. 

Increased activity and decreased sedentary behaviours should be 

recommended for all children in line with the population-based public health approach 

suggested above.  However, exercise has a specific role in weight management 

strategies for overweight/obese children, and in management strategies for adiposity-

related co-morbidities.  Significant metabolic benefits of exercise occur in the absence 

of changes in body shape and weight. After an exercise program, simple blood 

investigations (such as lipid profiles, fasting insulin and OGTTs) are likely to miss 

important metabolic improvements and anthropometry (BMI calculation, waist 

circumference) may be more indicative of potential metabolic improvement and 

decreased co-morbidity risk. 
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Chapter 1 : The Challenge of Childhood Obesity  
 
 

1.1. Overview and Thesis Approach  
 

Obesity has emerged as a serious public health issue worldwide.  In 1998, the 

World Health Organization (WHO) designated obesity a ‘global epidemic’ due to rapidly 

increasing incidence in both adults and children(2).  In Australia, the prevalence of 

obesity in children seven to 15 years trebled between 1985 and 1997 and the most 

current estimates suggest that almost a quarter of Australian children are obese or 

overweight(3-7). Childhood obesity frequently persists into adulthood, with up to 80% of 

obese children becoming obese adults(8). Childhood obesity is also associated with 

many medical and psychosocial complications(8-10).  This increasing disease burden 

with the potential for the development of complications has implications for future health 

care provision. 

There are several challenges with the identification, diagnosis and management 

of overweight/obesity in childhood. As a “new” issue facing parents and doctors, there 

has been limited assessment of the causes, effects, and natural history of the condition.  

In particular, there are few studies that quantify the medical complications of being 

overweight or obese in childhood.  Negative social perception, strong emotions(11) and 

a lack of general public knowledge about health consequences(12) contribute to the 

problem.  Often obesity is seen as a social issue rather than a medical condition(12).  

Many overweight/obese children do not present for treatment, not all parents appreciate 

the problem(13-20) and doctors are often unsure how to investigate and treat 

overweight/obesity in children (21-25).  

In this thesis, two different, but related, research studies are reported.  The first 

study is a cross-sectional study, designed to quantify the medical complications of 

childhood obesity in primary school-aged children in Western Australia.  The second 

study investigates the effect of exercise intervention on insulin resistance in obese 

children.   

Chapter 1 begins with a general overview of childhood overweight/obesity, 

followed by a discussion of the challenges that this condition poses for research.   

Chapter 2 outlines the aims, hypotheses, and methods for the Cross-Sectional 

Study.  Two groups of overweight/obese children were recruited: a random community 

sample of children (who had never sought treatment for weight problems) and a clinical 
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sample of children who were actively seeking treatment. A community-recruited normal 

weight group of control children was also recruited.  All children had a medical history 

taken, a physical examination and blood investigations performed.  Chapter 3 outlines 

the results of this study.  Results are firstly reported by recruitment group, with the 

prevalence of the medical complications of overweight/obesity (such as hypertension, 

hypercholesterolaemia and hyperinsulinism) as the major outcomes compared between 

the three groups.  Results are then reported for the cohort as a whole, using continuous 

analysis of the data against child BMI z-score.  This is a novel way of interpreting the 

complications of childhood obesity, which allows the exploration of linear relationships 

or threshold effects.  Chapter 4 covers the discussion of the results of both kinds of 

analysis, the strengths and limitations of the study, and external validity.  The 

implications of these findings to clinical practice and public health management are also 

considered. 

Chapter 5 outlines the aims, hypotheses, and methods for the Exercise 

Intervention Study. For this study, a group of obese children undertook eight weeks of 

supervised circuit exercise training (three sessions per week) with a “clamp test” pre- 

and post-intervention to determine changes in insulin sensitivity.  Secondary outcome 

variables that were assessed include changes in body composition, fitness and specific 

biochemical markers.  Chapter 6 outlines the results of the changes in insulin sensitivity 

and these secondary outcome variables after the 8 week exercise training intervention.  

Chapter 7 discusses the results of the Exercise Intervention Study, covering the internal 

and external validity, the relevance of new findings in the light of the existing literature 

and new information that may be utilised for clinical practice and future directions in 

research. 

Finally, Chapter 8 reviews the new findings generated by both of these research 

studies and applies this information to current clinical paediatric practice, general 

practice, and to public health policy. 

 

1.2. Defining Childhood Obesity and Body Mass Index  

 

Interpreting a child’s weight status is challenging due to differences in body 

shape, changes in fat and muscle bulk with growth, sex differences, ethnic differences 

and puberty (which occurs at different ages)(11, 26).  In an attempt to achieve clinically 

useful and reproducible results, various measures of weight-for-height at each age have 
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been used, such as weight/height (kg/m), weight/height2 (kg/m2) and weight/height3 

(kg/m3).  Other methods have included percentage of desirable weight (PDW), waist 

and hip circumferences and ratios, and skinfold measurements.  Methods to 

differentiate fat mass from muscle mass include use of electrical impedance, dual 

energy XRAY absorbtiometry (DEXA), computed tomography (CT) scans and magnetic 

resonance imaging (MRI).   

For clinical and epidemiological purposes, Body Mass Index (BMI) defined as 

weight/height2 (kg/m2), has emerged as the most reliable, objective and simple method 

to assess ‘fatness’(11).  It has limitations, including the inability to distinguish between 

an individual with high BMI due to muscle bulk and another with high BMI due to body 

fat.  

An adult Body Mass Index over 25.0 kg/m2 defines overweight, and over 30.0 

kg/m2 is obese for all ages, both for males and females(27).  These numbers have been 

determined through studies of the association of morbidity and mortality with adult BMI.  

Body Mass Index in childhood varies with age and is different for males and 

females(28, 29), making sex- and age-appropriate interpretation of BMI important. 

Figure 1 shows an example of how BMI changes with age in girls.  A raw measurement 

of BMI of 21.0 kg/m2 would be on the 75th centile for a girl aged 13 years, but represent 

obesity (far above the 95th centile) for a girl aged six years. It is therefore inappropriate 

to compare raw BMI measurements between children if they are not age- and sex- 

adjusted.  There is also limited data on the relationship between childhood BMI and 

associated morbidity and mortality(1, 11).   

Prior to 2001, there was no agreed international definition of obesity and 

overweight in children and adolescents by age and sex.  Each country and each 

research group used its own method of assessment, making international comparison 

of epidemiological data difficult.  In 2001, Cole et al redefined overweight/obesity in 

children(1).  Internationally representative data from six countries with diverse ethnic, 

geographical and economic profiles were amalgamated (Brazil, Singapore, the United 

States of America, United Kingdom, the Netherlands and Hong Kong).  Data were 

manipulated to correspond to the adult BMI cut-off values of 25.0 kg/m2 (overweight) 

and 30.0 kg/m2 (obesity) by age 18 years. Due to the dramatic increases in childhood 

weight in some countries, use of the most recent prevalence data was precluded in an 

attempt to achieve a normal data set which has not been skewed by this recent rise.  

This approach has its own problems (see section 1.3), but currently represents the best 
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attempt to streamline research results internationally and enable comparisons between 

countries to be made.  Most importantly, the association between BMI values for 

overweight/obesity in childhood and morbidity and mortality outcomes is now 

emerging(30-36). 
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Figure 1 Body Mass Index chart for girls developed from United States of America 
National Health and Nutrition Examination Survey da ta(37).   

The circle represents a Body Mass Index (BMI) of 21.0 for a six year old girl (above the 97th centile, obese), the square 

represents a Body Mass Index (BMI) of 21.0 for a 13 year old girl (75th centile, normal weight).
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1.3. Using Body Mass Index as a research tool  

 

As stated in section 1.2, raw measures of Body Mass Index (BMI) are 

inappropriate for comparisons of overweight/obesity amongst groups of children 

because of the changes in a child’s BMI with age and gender.  To combat this problem, 

most studies have categorised children’s BMI as normal, overweight or obese.  An 

alternative is to use the age- and gender-specific BMI z-score.  A z-score is a statistical 

measure which quantifies the number of standard deviations that a point is from the 

mean of the data set.  Scores greater than the mean will produce positive results, 

scores less than the mean will produce negative results, with the mean given a z-score 

of zero.  A BMI z-score for an individual will indicate the child’s BMI’s distance from the 

age- and sex-adjusted mean.  Taken for a group of children, the z-scores provide a 

continuous equivalent variable for BMI which is comparable between groups. 

The cut-off BMI values as described by Cole et al.(1) allow for the formation of 

three categories of normal weight, overweight and obese, and these categories are 

commonly used in reporting the prevalence of overweight and obesity.  The three 

categories are also used to compare disease status between the groups, such as 

relative risks of co-morbidities.  Odds ratios are frequently reported for the risk of 

medical complications in the overweight child compared to the obese, or the normal 

compared to the overweight(32-34).  Whilst category-based risk assessment can be 

clinically useful, there is little published material examining the relationships between 

increasing BMI z-score as a continuous variable and the complications of increased 

adiposity(38, 39).   

BMI z-scores from the Cole dataset have not been published for widespread use 

despite requests from research groups internationally.  Thus continuous data from this 

source cannot be used at all.  BMI z-scores from other sources must be used instead, 

such as the National Health and Nutrition Examination Survey (NHANES) results from 

the Center for Disease Control and Prevention (CDC), USA(37, 40), or similar data from 

the United Kingdom (UK). 
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1.4. Epidemiology of Childhood Obesity   

 

Using the category-based international cut-off values provided by the Cole 

data(1), studies on the prevalence of childhood obesity have reported a rapid increase 

world-wide (including developing countries(11)), with the proportion more than doubling 

over the past two decades(11). Australian researchers in the epidemiology of obesity, 

including Magarey et al(6, 41) and Booth et al(3, 4), have applied these standards to 

existing data from national surveys.  The prevalence of obesity among young 

Australians (seven-15 years) trebled between 1985 and 1997(4), and in 2001 almost 

one quarter (19-23%) of Australian children and adolescents were overweight or 

obese(3).  In the 1995 national sample, 15.0% of boys were overweight and 4.5% were 

obese(6).  In girls, 15.8% were overweight and 5.3% were obese(6). More recent 

national data and state data from South Australia estimates the prevalence of childhood 

overweight/obesity at over 20% for boys and 23% for girls(7), and suggests that 

childhood overweight/obesity may begin much earlier in life than previously 

reported(42). 

These figures are comparable to those from other countries.  For example; the 

prevalence of childhood obesity in Japan was 10% in 1996, representing a 250% 

increase since 1970(43).  In Egypt, up to 8.6% of children were obese in 1996, 

increasing 3.9 times from the 1978 measurements(44).   In Scotland, between 2.1% 

and 3.2% of children were obese in 1994, approximately double the prevalence of 

1984(45).  This world-wide trend has earned the nickname “globesity”(46). 

It is important to note that some reports show the distribution of BMI is 

increasingly right skewed(47, 48), whilst others suggest a shift across the entire 

spectrum of childhood BMI(5, 49). With either scenario, increases in co-morbidities can 

be expected to follow. 

 

1.5. The Development of Obesity  

Human energy homeostasis is a complex process which is poorly understood at 

present(50, 51).  Fundamentally, positive energy balance (increased intake of food 

compared with output of energy) results in the acquisition of adipose tissue, however, 

many genetic, biochemical, hormonal, psychological and environmental factors alter 

this relationship(51).   
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The physiological regulation of satiety, glucose homeostasis, adipose tissue 

homeostasis and digestion are all interlinked, with many hormonal and biochemical 

factors operating locally (in the liver, on adipose tissue, muscle cells, intestine or the 

pancreas) and centrally.  Previously viewed as little more than energy reservoirs, 

adipocytes are now known to be secretory endocrine cells(52).  The discovery of many 

of these secretory factors is recent, and their functions are yet to be elucidated(52) (see 

section 1.7.4).   

Rare monogenetic conditions which predispose toward obesity have been 

identified (e.g. deletion or alteration of genes involved in satiety) and some genetic 

syndromes are known to be associated with obesity (e.g. Prader-Willi Syndrome).  

Hormonal dysregulation as occurs in disease states such as hypothyroidism or 

Cushing’s Disease are also associated with increased adiposity.  Medication can 

interfere with appetite and adiposity (e.g. stimulant medication, oral contraceptive pill 

etc) and psychological states such as depression are known to alter weight status.  

However for the majority of obese adults and children, interplay between subtle genetic 

predisposition towards the gain of adipose tissue and unfavourable environmental 

factors (sedentary lifestyle plus high energy diet) is causal. 

 

1.6. The Persistence of Childhood Obesity  

 

Childhood obesity frequently persists into adulthood resulting in further 

increases in morbidity and mortality(8-10, 23).  The likelihood of obesity persisting from 

childhood to adulthood increases as the age of the obese child increases(8, 10).  

Overweight/obese children aged 1-6 years have been found to be twice as likely to 

become obese adults than their normal weight peers, whereas overweight/obese 

children aged 10-14 years have a 5 to 10 times higher risk of becoming obese 

adults(9).  Overweight/obese adolescents have the highest risks of persistence. In the 

same U.S. study the probability of becoming an obese adult for an obese adolescent 

girl was 66% and 78% for an obese adolescent boy(9). 

 



 25 

1.7. The Complications of Childhood Obesity and the ir Incidence  

 

The complications of childhood obesity and overweight impact on multiple body 

systems.  A brief discussion of the pathophysiology and incidence of these 

complications is outlined below.   

There are few studies on the incidence of these complications and their 

significance for the child’s health, in either the short or long term. Until recently, most 

published data on the occurrence of these complications were estimated from the 

personal experience of physicians practicing in the field, with some exceptions outlined 

below(12).  Current publications commonly use categories of “obese” and “overweight”, 

and “presence” or “absence” of various complications to report relative risks.   

Most reported rates of medical complications are for obese treatment-seeking 

cohorts, and do not include non-treatment seekers. There are also more reports of the 

prevalence of medical complications in overweight/obese adolescents as compared to 

younger children. 

Data for the prevalence of medical complications from an Australian cohort of 

overweight and obese children has not been previously reported. 

 

1.7.1. Growth:  Obese and overweight children initially tend to be taller than 

their peers, have more advanced bone ages(53).  Obese girls are more likely to 

progress into early puberty, whereas obese boys are likely to have delayed puberty(54).  

Longer term, this results in shorter adult stature (due to oestrogen production of puberty 

causing premature closure of the bony epiphyses), increased truncal fat distribution, 

and increased risk of obesity in adulthood(11, 55-57).  It is postulated that low 

circulating growth hormone and high growth hormone binding protein may contribute to 

this picture(11). 

1.7.2. Lipids and Cholesterol: The characteristic pattern of changes to lipid 

profiles is an increase in low density lipoprotein (LDL) cholesterol and triglycerides, and 

a decrease in high density lipoprotein (HDL) cholesterol(11, 12, 30-33, 49, 58-63).  

These changes are associated with heart disease, stroke, and atherosclerosis(63, 64).  

A recent study of atherosclerosis in autopsies of children and adolescents who died 

from other causes, has revealed that changes in lipids and blood pressure (see 1.7.4) 

result in more atherosclerotic plaques than previously appreciated at such young 

ages(63). The Bogalusa Heart Study found that 58% of overweight children in a 
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community-based cross section of children aged five to10 years had at least one 

cardiovascular risk factor. High total cholesterol was found in 12%(33).  Elsewhere, 

rates of dyslipidaemia in overweight and obese children are reported at between 10 to 

40%, depending on the definition of dyslipidaemia used(22, 23, 25, 30, 60).  

1.7.3. Hepatic Steatosis: Many children with obesity and overweight develop 

hepatic steatosis(34, 65-68) which compromises the liver’s multiple functions.  It is 

reflected by an increase in levels of liver enzymes in the blood, but this increase is 

thought to be a relatively late indicator of disease.  Liver damage initially leads to 

fibrosis and can proceed to cirrhosis and liver failure.  Raised liver enzymes, particularly 

alanine aminotransferase (ALT), have been reported in around six per cent of 

overweight and 10 to 25% of obese children(34). Gallstones are also a rare 

consequence of obesity in children (12). 

1.7.4. Hypertension:  Although hypertension (HT) occurs with low frequency in 

children, it is estimated that up to 60% of cases are due to obesity(39, 60, 69).  This 

may be a consequence of high insulin levels interfering with renal sodium and water 

balance.  Once hypertension develops, it is an independent risk factor for the 

development of ischaemic heart disease (IHD), stroke and sudden death(70). Reported 

rates of hypertension in obese adolescents are estimated at 40% (for both treatment-

seeking (30) and community recruited adolescents(31, 60).  This rate is slightly lower in 

children.  Between 20-30% of five to 11 year old community-recruited obese children in 

the USA are described as hypertensive by Figuroa-Colon et al(32). 

1.7.5. Benign Intracranial Hypertension: This is an increase in cerebro-spinal 

fluid pressure causing headaches and vomiting, and is more common in obese children 

than their normal weight peers(11, 12, 56). The cause of this condition is unknown, and 

there are no accurate figures available on its incidence in obesity.  It can progress to 

blindness due to pressure on the optic nerve, although this is rare(70).   

1.7.6. Obstructive Sleep Apnoea: In this disorder, sleep is interrupted by the 

obstruction of the upper airway when relaxation occurs(11, 71). The apnoea during 

sleep and low oxygen saturation can result in neurocognitive defects, learning 

problems, and behavioural disorders, and in rare cases, right-sided heart failure(70).   

1.7.7. Orthopaedic Complications: Excess weight on young bones with low 

tensile strength can produce many orthopaedic problems, including bowing of the long 

bones of the lower limbs, Blount’s Disease, and Slipped Upper Femoral Epiphysis 

(SUFE)(11, 23, 25, 56).  SUFE can lead to hip deformities, necrosis of the femoral 
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head, and can necessitate hip surgery or replacement.  Early arthritic changes are also 

more common in obese children. 

1.7.8. Polycystic Ovarian Syndrome: Polycystic Ovarian Syndrome (PCOS) in 

females is associated with obesity, hyperinsulinism, insulin resistance, hirsuitism, acne, 

menstrual irregularities and infertility(72, 73).  It often has onset in adolescence but 

incidence in this age group is unclear.  

1.7.9. Glucose intolerance, insulin resistance and Type 2 Diabetes Mellitus: 

The incidence of Type 2 diabetes mellitus (T2DM), a condition previously unrecognised 

in paediatrics, has risen dramatically in recent years(35, 67, 72, 74-79).  It is well 

recognised that insulin resistance precedes the development of T2DM(80).  Obesity is 

associated with peripheral tissue insulin resistance and insulin slowly increases, 

resulting in hyperinsulinism.  In time, pancreatic reserve becomes exhausted and 

hyperglycaemia follows.  At this stage, plasma glucose control deteriorates, and 

impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) develop.  

Finally, type 2 diabetes (T2DM) develops(70) (see section 1.8).   

Acanthosis nigricans is a physical sign found on examination which can indicate 

the presence of hyperinsulinism.  It is a dark, velvet-like thickening of the epidermis, 

usually found in the flexures or in folds of skin (e.g. groin, axillae, neck). 

The criteria for diagnosis of IFG, IGT, and T2DM are shown in table 1, and 

depend on results of the Oral Glucose Tolerance Test (OGTT, see section 1.9.1) as 

defined by the American Diabetes Association(81).  

 

Fasting Plasma 
Glucose Level Diagnosis 

2 hour Plasma 
Glucose Level 

(OGTT) 
Diagnosis 

<5.6 mmol/L Normal <7.8 mmol/L Normal 

5.6-6.9 mmol/L Impaired Fasting 
Glucose (IFG) 7.8-11.1 mmol/L Impaired Glucose 

Tolerance (IGT) 

>7.0 mmol/L 
Type 2 Diabetes 

Mellitus >11.1 mmol/L 
Type 2 Diabetes 

Mellitus 

Table 1 Definitions of glucose intolerances as defi ned by the American Diabetes 
Association(81). 

  

T2DM is an independent risk factor for ischaemic heart disease, stroke and 

hypertension(70).  Although it is well documented that the incidence of T2DM is 

increasing in all children, the proportion of obese or overweight children who have this 

complication is not known.  
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Published rates of IGT in obese children range up to 25%(35), but are 

disputed(36, 82, 83), and vary considerably, depending on the population’s age, 

ethnicity, and recruitment method.  Of a community sample of overweight children six to 

11 years, described by Uwaifo et al(36), 4.1% had IGT.  Estimates of the incidence of 

T2DM also vary with ethnic group, country and age.  A recent Western Australian 

publication by McMahon et al(76) estimates the average annual increase in T2DM to be 

27% amongst children over a range of BMIs.  Fifty three percent of these children had 

the diagnosis of T2DM made as a result of screening for the complications of 

overweight or obesity.   

  

1.7.10. Assessing Medical Complications using a Continuous Variable for Body 

Mass Index 

As stated above, categorical assessment of the incidence of these 

complications can be clinically useful, however, these categories are arbitrary, 

percentile-based classifications.  Analyses using BMI z-score as a continuous level 

factor (rather than a categorical factor) would be useful to determine how the risks of 

the complications change with increasing adiposity, as these relationships may not be 

linear. 

Publications examining relationships between increasing BMI z-score as a 

continuous variable and the complications of overweight are scant(38, 39, 69, 84). An 

analysis of cholesterol level and weight/height3, as continuous variables, was performed 

and found to have a non-linear association by Resnicow et al(38).  Linear regression 

analysis was used by Rosner et al. to examine the effect of BMI as a continuous 

variable on the incidence of diastolic hypertension(85).  A continuous linear increase in 

the prevalence of diastolic hypertension was found, even across the normal ranges of 

BMI(85).  The incidence of hypertension in children of different BMIs has been reported 

by Sorof et al(39). This report used seven centile groups for BMI and found a steadily 

increasing prevalence of hypertension as BMI centile increased, thereby approximating 

a continuous analysis(39).  A linear relationship between increasing BMI and blood 

pressure at each age was identified, with a higher, earlier effect on systolic blood 

pressure compared to diastolic blood pressure(39).  Other studies have used this 

method of multiple small categories and BMI centile groups for analysis and have 

suggested that the relationships between increasing BMI and the incidence of 

complications of obesity may be nonlinear(33, 38).  
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1.8. The Development of Insulin Resistance in Obesi ty 

 

1.8.1. Pathophysiology 

Insulin resistance precedes the development of T2DM, but knowledge is limited as 

to the mechanisms involved in its development and the potential for reversibility.  In the 

physiological state, insulin binds to cells to allow glucose to enter and provide the cell 

with a source of energy(50, 70).  The hallmark of insulin resistance is decreased insulin 

action at a cellular level with high levels of circulating insulin in the blood 

(hyperinsulinism)(80).  It is this impairment of insulin function at a cellular level which is 

the focus of much current investigation.  Over time, the action of insulin becomes 

impaired to the point where glucose regulation is lost, and hyperglycaemia develops.   

Insulin binds to specific protein receptors found on cell membranes throughout the 

body and these receptors have a tyrosine kinase enzyme, which is activated when 

insulin binds, to begin the cascade of intracellular effects(50).  In the setting of insulin 

resistance in overweight/obesity, the number of insulin receptors in adipose tissue is 

either slightly decreased or normal, however, large decreases in the number of 

receptors are found in skeletal muscle and liver, in addition to decreased enzyme 

activity in skeletal muscle(11). 

The hyperinsulinaemia associated with insulin resistance results from both 

increased insulin secretion from the pancreas and decreased hepatic breakdown of 

circulating insulin.  There are recognized differences in the relative importance of these 

mechanisms between different ethnic groups and in different physiological states(86).  

In caucasian subjects and in fasting obese patients, pancreatic hypersecretion of insulin 

is the dominant mechanism of hyperinsulinism(87).  In African-American subjects, and 

in all subjects after a glucose load, decreased hepatic breakdown of insulin is the major 

mechanism of hyperinsulinism(87). 

 

1.8.2. Heritability     

Heredity plays a large part in the development of both insulin resistance and 

T2DM and is likely to be polygenic(81, 88).  Different ethnic groups have different 

prevalences of both conditions(86, 89).  For example, the Pima Indians of Arizona are a 

population with a high prevalence of hyperinsulinism, insulin resistance and T2DM(88). 

The prevalence of T2DM in 10 to 14 year old Pima Indian adolescents is 22.3 per 1,000 

compared to a prevalence of all types of diabetes of 4.1 per 1,000 amongst the general 
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population of this age group(74).  Australian Aboriginal people have a higher incidence 

of T2DM and insulin resistance than the non-Aboriginal Australian population(90), and 

this finding is common to other indigenous populations of the world. 

A recent study by Ahn et al(91), examined four groups of children: fit offspring of 

diabetics, fit control children, unfit offspring of diabetics and unfit control children.  This 

study confirmed that the children of T2DM parents had early metabolic abnormalities 

(especially poorer glucose utilisation rates).  However, some of these abnormalities 

could be partially offset by increased physical fitness, with peripheral insulin resistance 

showing the most improvement.   

 

1.8.3. Weight Loss, Exercise and Insulin Resistance 

A distinction should be made between the effects of exercise, fitness and weight 

loss on insulin resistance.  It is known that a single episode of vigorous exercise causes 

short term increases in insulin sensitivity, as measured in lean and obese adults using 

gold standard techniques(92) (see section1.9.3 for a discussion of this method).  It is 

recognised that highly trained athletes have enhanced insulin sensitivity and low insulin 

levels (both fasting and stimulated by a glucose load).  However, after abstaining from 

exercise for as little as 14 days, this effect was seen to diminish.  In the study by Ahn et 

al mentioned previously, fit children in general had better indices of insulin sensitivity 

than unfit children(91).  Furthermore, physical inactivity (as opposed to even gentle 

regular exercise) has been shown to play a role in the development of insulin 

resistance(93). 

Exercise-mediated changes in insulin resistance may be effected by the GLUT-4 

isoform of the glucose transporter in skeletal muscle.  This receptor has been shown to 

increase on the surface of skeletal muscle cells after exercise in adults, and is 

associated with increased insulin sensitivity(94).  It is also rapidly turned over, and 

exercise needs to be performed regularly for GLUT-4 to be maintained on the muscle 

cell surface(94).  However, there is no evidence to show that decreased expression of 

GLUT-4 on skeletal muscle cells is responsible for insulin resistance in obese 

subjects(94).  (Measurement of the amount of GLUT-4 on skeletal muscle cells requires 

muscle biopsies). 

 Negative caloric balance achieved through dieting has been shown to improve 

insulin action in adults before weight loss occurs(95, 96).  Obese children who are 

successful in losing weight through dieting have not been shown to decrease insulin 
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levels(97), although their glucose tolerance and peripheral insulin resistance may 

improve(98, 99).  Furthermore, there is evidence to suggest that weight loss is harder to 

achieve in the setting of hyperinsulinism(98). 

 Whilst there is published data on the influence of exercise programs on 

insulin resistance over time in adults, there have been few investigations of this type in 

children. In obese adult women as reported by Straczkowski et al(100), insulin 

resistance decreased significantly after a 12 week exercise program.  Another study 

from Japan(101) showed decreased insulin resistance in obese adults with T2DM after 

four weeks of exercise, and another from the USA showed the same results in normal 

weight adults with T2DM after 12 weeks of exercise(102).  These studies have used the 

“clamp” technique as the most exact measure of insulin resistance available (described 

in section 1.8.2.).  In overweight or obese children, some longitudinal studies using 

exercise programs have suggested a decrease in insulin resistance over time(103, 104) 

but can not confirm or quantify it.  This is because the method used to measure 

changes in insulin resistance over time was either a fasting insulin level alone or an 

Oral Glucose Tolerance Test (OGTT), and these methods are not as accurate as 

euglycaemic-hyperinsulinaemic “clamp” tests(80).  

Other studies have used a cross-sectional design to assess insulin resistance in 

children of different fitness levels(86, 105) or with different levels of self-reported 

physical activity(86, 106), and found that those who report greater levels of physical 

activity have lower fasting insulin levels (r=-0.12, p=0.03) and greater insulin sensitivity 

(r=0.13, p=0.001 measured by “clamp” test) independent of BMI z-score(106).  There 

are no published studies that use clamp tests and a longitudinal design to examine 

whether insulin resistance or hyperinsulinism are reversible with exercise in obese 

children over time. 

 

1.8.4. Body Composition and Insulin Resistance 

Body composition is associated with insulin resistance, but a causal relationship 

is less clear.  There is now considerable evidence suggesting that abdominal or central 

obesity, rather than generalised obesity, is associated with insulin resistance in both 

adults and children(107-110).  In adults, high waist to hip ratio and high waist 

circumference both indicate abdominal obesity and both positively correlate with insulin 

resistance(111).  Also in adults, abdominal fat is associated with the metabolic 

syndrome or ‘Syndrome X’.  This cluster of problems was defined by Reaven et al(112), 
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and includes hyperinsulinism, insulin resistance, glucose intolerance, unfavourable lipid 

profile, and hypertension.  It may also be associated with premature atherosclerosis.  In 

children, there is evidence for the existence of the metabolic syndrome(30, 113, 114).  

Furthermore, those children with persistent obesity(30) and those who go on to become 

obese adults have further increases in risk of the metabolic syndrome(115).   

Currently of interest in obesity-related research are the properties of abdominal 

fat which may be associated with the metabolic syndrome.  Areas of investigation 

include associations between insulin resistance and different amounts of total body fat, 

percentage body fat and abdominal fat.  Areas of fat and muscle by body compartment 

can be differentiated by dual X-ray absorptiometry (DEXA) scans for this purpose(12, 

105, 116, 117).  Further differentiation of visceral fat (inside the abdominal cavity 

surrounding the organs) from subcutaneous or abdominal wall fat (outside the 

abdominal cavity) has been investigated(118).  This differentiation requires the use of 

either computed tomography (CT) scans, which necessitate high radiation exposure, or 

magnetic resonance imaging (MRI).  Intramyocellular fat (fat within peripheral skeletal 

muscle) is also of current interest(118). 

A recent publication by Weiss et al.(118) examined the relationship between 

increased abdominal fat (measured by MRI cross-sections of the abdomen) and insulin 

resistance (as measured by clamp test).  This study found an inverse relationship 

between glucose utilisation and both intramyocellular and visceral fat.  Children with 

IGT had higher intramyocellular and visceral fat but lower subcutaneous abdominal fat 

than control children without IGT. 

 

1.8.5. Adipocytokines and Insulin Resistance 

The secretory products of the adipocyte which may be involved in insulin 

resistance are now under investigation.  The adipocyte is currently recognised to be 

more metabolically active than was first appreciated, and the role of fat as an endocrine 

organ is beginning to be understood(119).  There are many different secretory products 

of the adipocyte, including such hormones as leptin, various interleukins (eg IL-11, IL-

6), tumour necrosis factor-alpha (TNF-α), sex steroids, glucocorticoids and proteins of 

the renin-angiotensin system. Some of these adipocyte products may contribute to the 

development of insulin resistance(52, 119, 120). Furthermore, it may be that abdominal 

adipocytes secrete different amounts of these products to fat cells in other locations, 

thereby linking insulin resistance with abdominal obesity(35, 119). 
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Currently, interleukins and the TNF-α system are the subjects of particular 

interest.  TNF-α is known to be expressed by adipocytes, to act in the liver on glucose 

and fatty acid metabolism, and to affect insulin receptor signaling(119).  Elevated TNF-α 

is thought to induce insulin resistance by both decreasing the activity of the insulin 

receptor and decreasing the expression of GLUT-4 glucose transporters in 

muscle(121). However the correlation of TNF-α levels with obesity and insulin 

resistance in adults and children has been found in some studies but not others(57, 

101, 105, 122-126).   Two studies have shown a decrease in TNF-α levels with a 

decrease in insulin resistance in adults after an exercise program(101, 127).  IL-6 

secretion is higher in visceral than subcutaneous adipose tissue, and may also act to 

decrease signaling of the insulin receptor(119).  IL-6 correlates with obesity, IGT and 

insulin resistance in some studies but not others(105, 124), but there are no studies 

assessing the changes of IL-6 with insulin resistance over time. 

 

1.9. Measuring Insulin Resistance and Diagnosing Ty pe 2 Diabetes Mellitus  

 

As mentioned in section 1.7.9, the World Health Organization and the American 

Diabetes Association recommend Oral Glucose Tolerance Tests (OGTTs) for the 

diagnosis of type 2 diabetes (T2DM), impaired fasting glucose (IFG) and impaired 

glucose tolerance (IGT) (see table 1).  Hyperinsulinism is defined as insulin levels 

elevated above the normal range, although accepted norms differ in different 

populations and ages, and perhaps also in different ethnic groups.  Insulin resistance is 

harder to define, and can be quantified by different methods, including mathematical 

models and “clamp” tests. 

 

1.9.1. Oral Glucose Tolerance Tests 

OGTTs assess the body’s physiological response to an oral glucose load.  This 

standardised test involves the administration of 1.75g of oral glucose solution per 

kilogram of body weight (maximum 75g) after an overnight fast (128, 129).  Blood 

samples for glucose (plasma glucose level, PGL) are obtained at 0, 60 and 120 

minutes.  Insulin can also be requested at these time points but is not customarily part 

of the assessment in the clinical setting. The OGTT is a dynamic (non–steady-state) 

measure of insulin sensitivity over the middle of the physiological range of glucose and 

insulin which does not address extremes of glucose levels.   
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OGTTs are easy to administer and are relatively well tolerated, but have 

limitations. There are only three measurements taken over a two hour period.   Body 

composition, gastric absorption, preceding exercise, carbohydrate intake and stress can 

all influence results.  Ideally, strict pre-test conditions are needed(128), including 

monitoring of carbohydrate intake over the preceding 72 hours and fasting for 12 hours 

immediately pre-test.  Reproducibility of results in individuals has been questioned, and 

whilst some studies have shown good reproducibility(35), others have not (130, 131).   

OGTTs are recommended for clinical assessment of patient disease(74, 129), 

and for population-based research into insulin resistance and rates of T2DM(129).   

However, OGTTs are time consuming and expensive to deliver to large populations, so 

a number of surrogate measures which use fasting blood samples of glucose and 

insulin have been developed (see section 1.9.2).  Furthermore, research which aims to 

detect short-term changes in insulin sensitivity amongst individuals or small cohorts 

requires a different, more exact technique with information at more frequent intervals 

(see section 1.9.3).     

OGTTs with insulin measurements have rarely been performed in large 

numbers in normal weight children and therefore there are no age-specific reference 

ranges for fasting insulin, or for 60 minute or 120 minute insulin during OGTT.  Most 

papers refer to adult parameters for normal limits.  This is despite the fact that puberty 

is known to influence both insulin levels and insulin sensitivity(132). 

There is only one publication of insulin levels in 40 children “of normal weight-

for-height” which is from the 1970s(128). This paper does not state the demographic or 

anthropometric characteristics of the cohort, or the manner of selection of subjects, but 

quotes a 10th to 90th centile range of 3 to 28mU/L, and median 10mU/L for fasting 

insulin (see table 2).  The commonly cited reason for the absence of normal data is 

‘ethical considerations’(30) and the invasive nature of the test for young children 

(requirement for pre-test conditions to be met, consumption of glucose loading drink 

within appropriate time frame and three drawings of blood).  Most papers assessing 

OGTTs in children use adult insulin reference ranges of 6-21mU/L at time 0, 20-

120mU/L at 60 minutes and 18-56mU/L at 120 minutes(133).   

Two studies have reported insulin levels in a population of adolescents, but 

these studies were not limited to adolescents of normal BMI.  The Schools Physical 

Activity and Nutrition Survey (SPANS) study conducted in New South Wales, Australia, 

in 2004(134) reports insulin levels in 496 adolescents (year 10 students of mean age 
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15.3 years).  These adolescents had a spectrum of BMIs with 80.6% normal weight girls 

(19.4% overweight/obese) and 72.4% normal weight boys (27.6% overweight/obese).  

The insulin levels were reported as 9.58 ± 5.13mU/L for girls and 8.97 ± 5.50mU/L for 

boys.  Sinaiko et al.(135) report fasting insulin in 159 girls (aged 12.8 ± 0.1 years) as 

15.5 ± 0.0.8mU/L and in 198 boys (aged 13.1 ± 0.1 years) as 13.3 ± 0.7mU/L. 

  

 Fasting Insulin 
(mU/L) 

60 Minute Insulin 
(mU/L) 

120 Minute Insulin 
(mU/L) 

Median 10.0 53.0 48.0 

10th centile 3.0 29.0 22.0 

90th centile 28.0 88.0 79.0 

Range  0.0 - 42.0 20.0 – 105.0 20.0 – 89.0 

Table 2 Results from Guthrie et al.(128) for Oral G lucose Tolerance Tests in 40 normal 

weight children, 1973. 

 

1.9.2. Hyperinsulinism 

There is no consensus with regard to the definition for the diagnosis of high 

fasting insulin levels in children.  Some authors use the 75th or  95th centile(30, 136) of 

their study population as the cut-point for reporting high insulin levels, whereas others 

have used 21mU/L (the adult cut-point)(130).  Other studies have used their own 

definitions based on expert opinion of a level at which they would be clinically 

concerned(134). 

 

1.9.3. Mathematical Models of Insulin Resistance 

The homeostatic model of assessment (HOMA) is a mathematical model 

developed  to estimate ß-cell function and insulin resistance from fasting glucose and 

fasting insulin or c-peptide concentrations(137).   

The equations are:  

HOMA-IR = (FPI x FPG)/22.5    for estimating insulin resistance 

and 

HOMA1-%B = (20 x FPI)/(FPG – 3.5)  for estimating ß-cell function 

where FPI is fasting plasma insulin concentration (mU/L) and FPG is fasting plasma 

glucose (mmol/L).   
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The Quantitative Insulin Sensitivity Check Index (QUICKI) is a similar model 

except a log transformation is used: 

QUICKI = 1 / [log (FPI x FPG)] 

As only fasting insulin and glucose are required, these models are easier and 

cheaper to use than OGTTs.  It must be remembered however, that the modeling gives 

only an estimation of insulin sensitivity.  Both models give an estimate of insulin 

sensitivity/resistance in the basal (fasting) state, whilst clamp tests give information 

about the maximally stimulated state(138).   

Both HOMA and QUICKI have been used in numerous epidemiological and 

physiological studies to assess insulin sensitivity, as an alternative to either clamp tests 

(see below) or OGTTs(138).  The choice of method used depends on the size and type 

of study to be undertaken. Clamps are useful for intensive physiological studies on small 

numbers of subjects, whereas models such as HOMA may be more appropriate for use 

in large epidemiological studies.   

 

1.9.4. Clamp Tests 

The gold standard test for measuring insulin sensitivity is the ‘clamp’ technique.  

First proposed by De Fronzo et al in 1979(139), it was described by MW Hammond in 

the editorial of Paediatric Diabetes in 2003 as “the only accepted method to measure 

insulin resistance”(80).  Clamp tests are so called because they use an infusion of 

insulin and glucose to “clamp” the plasma glucose level at a certain value.  Different 

kinds of clamp tests (“clamped” at different values of glucose and using different 

amounts of insulin) are used to assess different aspects of glucose and insulin 

metabolism.  

The type of clamp used to assess insulin resistance is a Euglycaemic-

Hyperinsulinaemic Clamp test.  This test constantly infuses a set amount of insulin at a 

supra-physiological level (to suppress endogenous insulin production) over 3 hours.  A 

variable amount of glucose is also infused, and altered to maintain euglycaemia.  At this 

point, insulin resistance is inversely proportional to the amount of glucose needed to 

maintain a normal plasma glucose level.  Blood tests are taken every 5 minutes to 

ensure a stable plasma glucose level and allow precise adjustments to be made to the 

glucose infusion as necessary.  (A full description of the technique is covered in the 

methods section 4.4.2.2) 
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Clamp studies have been performed extensively in children, mainly in those with 

type 1 diabetes.  Internationally, clamp studies for obese children have been performed 

with success to assess pre-diabetic states (T2DM) and to compare insulin sensitivity 

amongst different ethnic groups and children with different BMIs(57, 89, 99, 106, 118, 

132, 135, 140).  However there are no published studies to date which have performed 

clamp studies in children to assess insulin sensitivity changes before and after an 

exercise intervention. 

 

 

1.10. Parents’ and Doctors’ Knowledge of Childhood Obesity   

There is a lack of general knowledge of the consequences of childhood obesity, 

amongst both the general public and medical professionals(13, 14, 16, 25).  The 

problem is magnified by a significant number of overweight/obese children in the 

community who do not seek treatment.  Various studies have reported that between 50 

to 90% of parents are unaware of their child’s overweight/obese status(13-20, 25).  

Obviously, the recognition of overweight/obesity is an important initial step before 

treatment-seeking behaviour.   

In Australia, clinical practice guidelines with regard to the management of 

overweight and obesity in children, adolescents and adults have been published by the 

National Health and Medical Research Council (NHMRC) and the Population Health 

Division of the Department of Health and Ageing(141). The Guidelines provide 

evidence-based information to help doctors identify, investigate and treat obesity and 

overweight.  There has been one recently published practice review of the adherence of 

Australian General Practitioners and Paediatricians to these guidelines which found that 

“some areas of management…fall short” of these standards(142).  Of note, only 10 - 

25% of clinicians report that they would screen an overweight child for the metabolic 

complications of overweight/obesity(142).  A recent review of paediatric inpatients in a 

major Australian teaching hospital found that no patient admitted for general medical 

problems had their body mass index calculated or weight issues discussed at that 

opportunity(143).   

Internationally, therapeutic services for overweight/obese children are still being 

developed and, as yet, only cater for a small proportion of overweight/obese children.  

Recent reports from the United States(21, 23-25) and Germany(22) suggest that even 

specialist paediatric obesity centres fall short of recommended practices for 
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assessment and treatment (especially for screening for complications), even when 

guidelines are readily available. 

A recent study from the USA (results of which have been published as three 

separate papers(21, 24, 25)) reviewed physicians, registered dieticians and paediatric 

nurse practitioners from national registers, and asked them to complete a self-

administered questionnaire.  Although the response rate was poor (19-33%), 

information about provider attitudes, completeness of the medical evaluation of obese 

children, and treatments recommended have all been documented.  Completeness of 

the medical examination and compliance with expert committee recommendations was 

particularly poor, with only 7% - 8.5% of professionals following all guidelines.  As a 

result, many obese children who actively sought treatment were not screened 

appropriately.  A similar study from Germany(22) used a computer software package 

across 175 specialist centres to attempt to co-ordinate all-inclusive evaluation of obese 

children attending for treatment.  Even standardised, monitored data management used 

at point-of-care reports a “considerable gap between guidelines and reality in medical 

care of obese children and adolescents”(22). 

There is also a lack of understanding of how the health problems of those 

children who present for treatment differ from those who do not. As yet, there are no 

published data comparing morbidity in these groups of children. 

 

1.11. Summary of the Problem  

Overweight/obesity has recently emerged as a serious health problem for 

children.  The complications of this condition are potentially far-reaching for the 

individual as both child and adult, and for future health care provision for society.  

However, at present there is little information about the prevalence of these 

complications in overweight/obese children.  An increase in the knowledge of the 

prevalence and nature of these complications would benefit clinicians’ management of 

each individual and direct broader public health intervention strategies. 

 As a training paediatrician with an interest in public health, my interest lies in 

the nature of complications and co-morbidities of this ‘new’ condition, and in increasing 

public and professional awareness of these, with a view to prevention and improved 

treatment. 
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2. Chapter 2 : The Cross-Sectional Study  

 

 The Cross-Sectional Study, reported here, sought to address the lack of 

information about the medical complications of overweight and obese primary school 

children in Western Australia. 

 

2.1. Aims  

 

1. To identify the characteristics and medical complications of primary school 

children (aged 6 to 13 years) with overweight/obesity in WA. 

2. To compare the characteristics and medical complications of obesity in a 

community sample of children who have never sought treatment with a 

clinical sample of children who are actively seeking treatment for 

overweight/obesity. 

3. To examine the relationship between the medical complications of childhood 

obesity and a continuum of children’s Body Mass Index z-scores, including 

those in the normal range. 

 

2.2. Hypotheses  

 

1. Medical complications of overweight/obesity are present in primary school 

aged children in Western Australia. 

2. Children who are actively seeking treatment for overweight/obesity have 

higher body mass index than those who are not. 

3. Children who are actively seeking treatment for overweight/obesity have 

more complications than those who are not. 

4. Linear relationships exist between children’s Body Mass Index z-scores and 

the risks of medical complications of overweight/obesity.  

 

2.3. Ethics  

 

The Cross-Sectional Study has approval from both the Princess Margaret 

Hospital Scientific Advisory Committee and the Princess Margaret Hospital Ethics 

Committee, approval number 935 EP. 



 41 

This research involves children under 18 years of age.  Participants were 

included only after written consent from their parent or guardian, but were asked to sign 

their own age-appropriate assent form following verbal explanation by the investigator.   

 Study data was entered electronically into a database via a computer in the 

Department of Endocrinology in the Administration Block of Princess Margaret Hospital 

and is kept under secure conditions to ensure confidentiality. This area is accessible by 

encoded swipe card only.  The electronic data is protected by passwords known only to 

the research team.  Data is backed up on a secure network drive nightly to reduce risk 

of loss or corruption.  Data which remains in hard copy is locked in a secure filing 

cabinet in the same swipe-card only access room.  Published results will not identify 

individuals.   

 

2.4. Methods  

 

2.4.1. Study Population 

The study population used to determine the extent and nature of the 

complications of overweight and obese children was taken from two sources.  These 

were a randomly selected community population and a clinic population, both outlined 

below.  All children recruited also had at least one participating parent.  All participants 

in the study were informed that their involvement was voluntary and that they could 

withdraw at any time without giving a reason and without any consequences for their 

access to, and standard of, medical care. 

 

 

2.4.1.1. Community Samples 

The community sample of children was recruited in conjunction with the Growth 

and Development Study operating through the Telethon Institute for Child Health 

Research.  The chief investigators on this study are Dr Sue Byrne and Dr Elizabeth 

Davis.  A sample of primary schools from the metropolitan area of Perth, Western 

Australia, was selected using random sampling.  The schools were invited to take part 

in the study, and the parents of all children aged 6 to 13 years of selected schools were 

given an information sheet.  After parental consent, students were individually weighed 

and measured on site (using a single portable stadiometer and digital scales) during a 

regular school day. Each child’s BMI was calculated as weight (kg) / height (m) 
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squared.  Children were identified as either normal weight, overweight or obese based 

on the internationally recognised age- and sex- appropriate assessment of their BMI 

proposed by Cole et al(1). 

Parents of all children identified as overweight or obese were approached for 

inclusion into the study, along with a random sample of children identified as normal 

weight (matched for school and year group).  After a second consent, the family was 

enrolled for prospective medical assessment. 

 

2.4.1.2. Clinic Sample 

Overweight or obese children of primary school age who presented for 

treatment of obesity or overweight at Princess Margaret Hospital, Perth WA, were also 

recruited. Parent(s) of children meeting these criteria were approached by a member of 

the Department of Endocrinology at Princess Margaret Hospital.  The study was 

explained and an information sheet provided.  If the child and parent(s) agreed to 

participate in the data collection, a consent form was signed. 

 

2.4.1.3. Selection Criteria 

Inclusion criteria for the community samples: 

• Male or female subjects aged between six and 13 years who have never 

sought medical attention for overweight or obesity 

• At least one parent agrees to participate 

Inclusion criteria for the clinic sample: 

• Male or female subjects aged between six and 13 years attending any 

qualified paediatrician in Western Australia for treatment of 

overweight/obesity 

• Body Mass Index above age-specific and sex-specific cut-off points as 

proposed by the new international standard definitions (Cole et al(1)) for 

either overweight or obesity. 

• At least one parent agrees to participate 

Exclusion criteria for all subjects:   

• Obesity secondary to a known medical condition (e.g. Prader Willi 

Syndrome, hypothyroidism) 

• Weight affected by medication (e.g. stimulants) 
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• Poor English language skills (due to nature of the questionnaires 

involved) 

 

2.4.1.4. Study Groups 

 For the purpose of comparative analysis, the following terminology has been 

adopted for the recruitment groups used:  

 

• Group 1-   Normal weight children, random community recruitment 

(designated green in all charts and graphs) 

 

• Group 2-  Overweight / Obese children, non-treatment seeking, random 

community recruitment (designated yellow in all charts and graphs) 

 

• Group 3- Overweight / Obese children, treatment seeking, tertiary referral 

clinic recruitment (designated orange in all charts and graphs)  

 

A summary outline of the recruitment process is shown in figure 2 below. 
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Figure 2 Cross-Sectional Study recruitment process.  

Cross-Sectional Study Recruitment Methods 

Community Recruitment 
through Primary Schools 

Tertiary Clinic 
Recruitment 

Group 1 
Normal Weight 

Group 2 
Overweight/Obese 

Non-treatment seeking 

Group 3 
Overweight/Obese 
Treatment seeking 

Children and at least one parent invited to participate 

children measured at school 

Classifications made using international standards for child BMI 
Cole et al(1) 
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2.4.2. Assessment 

 
2.4.2.1. Interview 

All children had a comprehensive assessment by the same paediatric registrar 

(LB). A structured data collection sheet was devised (LB) and used to document all 

history and examination findings.  A structured interview (with both child and parent 

present) recorded demographic parameters, the child’s medical and birth history, the 

child’s reported symptoms of complications of overweight/obesity, and family history. 

The specific symptoms for the complications of overweight/obesity that were sought 

were musculoskeletal pain, symptoms of obstructive sleep apnoea, enuresis, symptoms 

of polycystic ovarian syndrome, headache, symptoms of depression and anxiety, and 

teasing/bullying about weight issues.  “Distractor” questions of the symptoms of other 

medical problems not thought to be associated with overweight/obesity were also asked 

(e.g. ear/nose/throat infections, allergies, asthma etc).   

 

2.4.2.2. Physical Examination and Investigations 

Anthropometry and physical examination were performed for each child.  Weight 

was measured in light clothing without shoes, in kilograms to two decimal places using 

a digital balance scale.  Height was measured with a wall-mounted Holtain stadiometer 

to the nearest millimetre.  Body mass index (BMI) was calculated as weight/height2 and 

expressed as kg/m2.  Waist and hip circumference were taken using a standard plastic 

tape measure to the nearest 0.5cm.  Waist circumference was measured at the 

smallest abdominal circumference, and hip circumference was measured at the widest 

hip/buttock circumference.  Blood pressure was measured in the seated position with a 

Critikon Dinamap 8262-H4139 and an appropriate sized cuff on the right arm.  All of the 

values above were obtained as the average of three measurements. The participating 

parent’s height and weight were measured (>99% were mothers), and the non-

participating parent’s height and weight was reported. 

Children had a full physical examination and pubertal assessment, looking 

specifically for complications of overweight, such as hypertension (HT), acanthosis 

nigricans (AN), pain and range of joint movement, gynaecomastia, hirsuitism and acne.  

Oral Glucose Tolerance Tests were carried out after an overnight fast.  Blood samples 

were also taken for a fasting lipid profile and liver function tests.   
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At the completion of the medical assessment, parents of children in Group 2 

were made aware of their child’s weight status and referrals to medical services were 

made where indicated and as requested by parents. 

  

2.4.3. Data Analyses 

 

2.4.3.1. Biochemical Analysis 

 Plasma glucose was measured using the colorimetric method (VITROS GLU, 

Ortho-Clinical diagnostics NY).  Plasma insulin was determined by chemiluminescent 

immunometric assay (IMMULITE 2000 Diamond Diagnostics MA) with the lowest value 

recorded as less than or equal to 2.0mU/L.  Cholesterol, HDL, TG and liver function 

tests were all were measured by colorimetric method (VITROS CHOL and VITROS 

250, Ortho-Clinical diagnostics NY).   

Pathological investigation results were defined as results outside the normal 

range as defined by the laboratory at which the tests were performed and appropriate 

for the biochemical method used (as above).  All blood investigations were performed at 

Princess Margaret Hospital for Children, Perth, Western Australia.  The ranges 

considered to be abnormal for each investigation are as follows:     

• Impaired fasting glucose (IFG) was defined as fasting plasma glucose 

level (PGL) >5.6mmo/L and <6.9 mmol/L (as per WHO and ADA 

guidelines(81, 129)) 

• Impaired glucose tolerance (IGT) was defined as fasting plasma glucose 

level (PGL)  >5.6mmo/L and <6.9 mmol/L and 2h PGL 7.8-11.0 mmol/L 

(as per WHO and ADA guidelines(81, 129)) 

• Fasting insulin >=12.0 mU/L defined hyperinsulinism (see section 3.2.7 

for rationale behind selection of this level) 

• Total cholesterol >4.5 mmol/L(144-147) 

• HDL <0.9 mmol/L(144-147) 

• LDL >2.9 mmol/L (144-147) 

• TG >1.6 mmol/L(144-147) 

• Dyslipidaemia was defined as one or more abnormal lipid result 

• ALT >30.0 U/L(144) 
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The coefficients of variation (expressed as standard deviation / mean *100) for 

our assay results are listed as follows : glucose, 8.86%, insulin 73.6%, c-peptide 50,0%, 

total cholesterol 16.6%, HDL 23.0%, LDL 28.0%, TG 41.6% and ALT 54.0% 

 

 

2.4.3.2. Statistical Analysis 

Data are shown as mean ± standard deviation or as a percentage.  Analysis 

was performed with the SPSS statistical package (SPSS, Chicago).  For comparisons 

between the three study groups, one-way ANOVA was used for continuous variables, 

and chi-squared used for categorical variables. A p-value of ≤0.05 was considered 

statistically significant.  Bonferroni’s Method of Adjustment was used where multiple 

comparisons were made.   

As a continuous variable, BMI z-scores calculated from the Centers for Disease 

Control and Prevention (CDC) Growth Reference, 2000, USA,(148)(age- and sex-

specific) were used as a dependent variable in a generalised linear model.  Z-scores 

from the same source were used for age- and sex-appropriate analysis of blood 

pressure(148).  Insulin levels were not normally distributed and were therefore log 

transformed.  Binary variables were used for the presence or absence of reported co-

morbidities, and for the presence or absence of the examination finding of acanthosis 

nigricans. Adjusted logistic regression was used to model these binary outcomes, with 

odds ratios and 95% confidence intervals reported. 

Four SEIFA indexes (Socio-Economic Indexes for Areas) derived from 2001 

data from the Australian Bureau of Statistics(149) were used as surrogate measures of 

relative socio-economic status (SES).  Indexes are constructed so that relatively 

disadvantaged areas have low index scores, with the Australian average for each index 

set to 1000.  Data from the level of Census District (smallest level of assessment 

comprising of approximately 220 households) was used.  The Index of Relative 

Advantage/Disadvantage was used in each model to adjust for relative socio-economic 

status (SES) for each family.  The score for this index is high if the area contains a 

relatively high proportion of people with high incomes or a skilled workforce, whereas a 

relatively low score means the area has a high proportion of people with relatively low 

incomes and workers in unskilled occupations(149). 
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3. Chapter 3 : Results of the Cross-sectional Study  

 
3.1. General Outline of Results  

 

A total of 671 children (70% response rate) were weighed and measured at 

school. All families with children classified as overweight or obese were approached 

and 71% agreed to proceed to medical assessment.  In the first year of the study, 53 of 

these overweight/obese children from four schools had a medical assessment.  

Children who were not overweight were matched for school and year group and 

approached at random to participate in the medical assessment.  Seventy-three (79%) 

agreed to participate. There were no differences between the participation rates from 

the four schools assessed.  Of the children aged six to13 years seeking treatment for 

overweight/obesity at a tertiary clinic, 51 (100%) agreed to participate in the study. At 

the completion of 12 months, 177 children were involved in the medical arm of the 

study, which is ongoing.   

Of the total cross-section of 177 children, 91 (51.4%) were females and 86 

(48.6%) males. All children were aged between 6.0 and 13.2 years (primary school 

aged sample).  Overall, 87.0% of children identified themselves as Australian, 2.9% 

identified themselves as Australian Aboriginal and 10.1% other.    

Analysis of this cross-section of children is contained in this chapter.  Two 

approaches to the analyses were used.  The first is an analysis based on recruitment 

group to determine the rates and odds ratios of medical complications in children who 

are not seeking treatment compared with those who are seeking treatment for their 

weight.   

The second approach is an analysis of the sample as a whole, which uses BMI 

z-score as a continuous variable to determine the relationship of BMI z-score with each 

of the complications of obesity. This approach allows the exploration of linear 

relationships or threshold effects between increasing BMI and complications. 

 

3.2. Group-Based Analysis of Results  

 

3.2.1. Age, Sex and Birth Parameters 

Figure 3 shows the recruitment group distribution of the 177 children entered 

into the study. 
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Figure 3 Cross-Sectional Study recruitment results by recruitment group. 

 
 

There were no significant differences between the groups for age or sex.  In 

Group 1, the mean BMI was 16.45 ± 2.01kg/m2.  Of Group 2, the non-treatment seeking 

overweight/obese group, 44 (83%) children were classified as overweight, and nine 

(17%) were classified as obese.  The mean BMI was 22.34 ± 2.90 kg/m2. Of Group 3, 

the clinic recruited treatment seeking overweight / obese group, five (9.8%) children 

were overweight and 46 (90.2%) children were obese with mean BMI 31.25 ± 7.08 

kg/m2 (see table 3).  There was no significant difference in the proportions of overweight 

and obese children by age in years (p=0.314) and those who were classified as obese 

ranged from 6.2 years to 12.9 years with a mean of 9.9 years (i.e. obesity was 

represented in all age groups, not amongst older children alone). Birth weight was 

similar in all three groups with no significant differences (p=0.814).  Also, birth weight 

did not differ between those classified as obese and those classified as overweight 

(p=0.896).  Gestation was not significantly different between the three groups (p=0.188) 

and did not differ between those classified as obese and those classified as overweight 

(p=0.420). 

Cross-Sectional Study Recruitment Results 
Community Recruitment 
through Primary Schools 

n=671 

Tertiary Clinic 
Recruitment 

n=51 

Group 1 
Normal Weight 

n=73 

Group 2 
Overweight/Obese 

Non-treatment seeking 
n=53 

Group 3 
Overweight/Obese 
Treatment seeking 

n=51 

children measured at school then randomly 
selected 

 
44 (83%) 

overweight 
9 (17%) 
obese 

5 (10%) 
overweight 

46 (90%) 
obese 
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Table 3  Characteristics of the Cross-Sectional Stu dy by recruitment group. 

 
Group 1 Group 2 Group 3 ANOVA 

 

Normal Weight 
Community 

Overweight/Obese 

Clinic 

Overweight/Obese  
p-value 

Age (years) 9.5 ± 2.0 9.7 ± 1.7 10.1± 1.9 0.258 

Males (n, %) 35 (47.9%) 24 (45.3%) 27 (52.9%) 0.733 

Birth weight (g) 3451 ± 514 3539 ± 819 3416 ± 687 0.814 

Gestation (wks) 40 ± 2.0 40 ± 2.0 39 ± 2.0 0.188 

BMI (kg/m 2) 16.45 ± 2.01 22.34 ± 2.90 31.25 ± 7.08 <0.001 

BMI z-score -0.23  ± 0.98 1.96 ± 0.54 3.13  ± 0.58 <0.001 
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3.2.2. Onset of Excessive Weight Gain 

The parents’ subjective estimate of the child’s age at the onset of excessive 

weight gain was recorded for Group 2 and Group 3.  However, nearly half (45.3%) the 

parents of children in Group 2 (non-treatment seeking overweight/obese children) were 

unaware that their child was overweight. 

The remainder of parents of Group 2 children had two common responses; 

15.1% of parents reported that their child’s excess weight gain began at around the age 

of one year, and 17.0% said that the weight gain began at five to six years (around 

school entry).  The remaining 22.6% of parents had responses which varied from age 

two years to age 12 years. 

Group 3 (by definition) were all seeking help for weight issues in the clinic, and 

so all parents knew that their child was overweight.  Again, two common responses 

about age of weight gain were noted.  Excessive weight gain was said to begin at one 

year of age by 45.1% of parents, and 17.6% said their child gained weight at five to six 

years of age.  The remainding responses again varied between age two years to age 

12 years.  Of these Group 3 children attending the clinic, the median age at first clinic 

visit was 10.0 years, with a range of 3.8 to 13.1 years.  This represents a “lag time” 

(length of time between age of weight gain onset and seeking medical help), of a mean 

of 6.1 years (± 3.07 years). 

 

3.2.3. Family and Parental Data 

There were significant socio-economic differences (as estimated by SEIFA 

indexes) of relative advantage/disadvantage between the three groups.  Pairwise 

comparisons showed that Group 3 children were significantly less advantaged as 

estimated by three of the four indexes, and there were no differences between Group 1 

and Group 2 for any index. 
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Table 4 Socio-Economic Indexes for Areas for each r ecruitment group. 

* indicates the main index used in analyses. 

 Group 1 Group 2 Group 3 ANOVA 

SEIFA Indexes  Normal Weight 
Community 

Overweight/Obese  

Clinic 

Overweight/Obese  
p-value 

Index of Relative 
Disadvantage* 1039.26 ± 67.23 1056.22 ± 50.27 999.41 ± 83.23 <0.001 

Index of Relative 
Advantage/Disadvantage 1039.31 ± 87.19 1061.25 ± 66.38 1006.42 ± 97.27 <0.001 

Index of Economic Resources 1029.87 ± 71.12 1044.20 ± 54.25 1012.71 ± 88.77 0.096 

Index of Education and 
Occupation 1029.08 ± 99.73 1054.73 ± 82.98 1054.73 ± 82.98 <0.001 
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There was no difference in the number of members of the immediate family 

reported for each group (median Group 1, five people, Group 2, four people, Group 3, 

four people, p=0.071).  However, there was a significant difference in the number of 

people living in the child’s household, with less people in the households of 

overweight/obese children (p=0.011). Similarly, the number of children in single parent 

families was significantly different between all three groups, (p=0.004).  The difference 

lay mainly with the children attending clinic (Group 3) who were more likely to be in a 

single parent family than Group 2 (p-value 0.017) or Group 1 (p-value 0.002).   
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 Group 1 Group 2 Group 3 ANOVA 

Family data  Normal Weight  
Community 

Overweight/Obese 

Clinic 

Overweight/Obese 
p-value 

First degree relatives (n) 5.0 ± 1.0 4.0 ± 1.0 4.0 ±  1.0 0.071 

People in household (n) 4.51 ± 1.02 4.21 ± 0.99 3.88 ± 1.16 0.010 

Single parent (n and %) 9 (14.0%) 8 (17.8%) 18 (54.5%) <0.001*#‡ 

Mother’s age (yrs) 29.9 ± 4.1 29.0 ± 4.8 30.8 ± 6.0 0.398 

Father’s age (yrs) 31.3 ± 5.4 31.1 ± 6.1 34.1 ± 4.8 0.468 

Mother’s BMI (kg/m2) 26.62 ± 5.25 30.25 ± 7.80 31.34 ± 8.34 <0.001*‡ 

Father’s BMI (kg/m2) 25.94 ± 3.05 28.09 ± 4.57 29.15 ± 7.18 <0.001*‡ 

Table 5 Family data by recruitment group. 

 * indicates pairwise p<0.05 between Group 3 and 1.    # indicates pairwise p<0.05 between Group 3 and 2. 

  ‡ indicates pairwise p<0.05 between Group 1 and 2. 
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As children were recruited at different ages, parental age at the time of the 

child’s birth was used to assess any differences in parental ages between the 

recruitment groups.  There were no differences between groups for the age of the 

mother at the time of the child’s birth, or for the age of the father at the time of the 

child’s birth (see table 5).  There were however, strong associations of mother’s BMI 

with child’s group (overall p-value <0.001).  The mothers of Group 1 (normal weight 

children) had the lowest BMI, increasing across Group 2 and Group 3.  Pairwise 

comparisons show that this difference lay mainly with Group 1 (Group 1 compared to 

Group 2 p=0.005, Group 1 compared to Group 3 p=0.005, Group 2 compared to Group 

3 p=0.55).  From another perspective, of children in Group 2, 57.7% had an overweight 

or obese mother.  Of children in Group 3, 71.7% had an overweight or obese mother. 

The father’s BMI showed the same pattern with a significant difference between 

all three groups (p<0.001). The fathers of Group 1 children had the lowest BMI, 

increasing across Group 2 and Group 3.  Again, the difference lay mainly with fathers of 

Group 1 (normal weight children) who had lower BMIs. (Group 1 compared to Group 2 

p=0.008, Group 1 compared to Group 3 p=0.049, Group 2 compared to Group 3 

p=0.456). Of children in Group 2, 67% had an overweight or obese father, and of 

children in Group 3, 54% had an overweight or obese father. 

There were no significant differences amongst mothers for reported 

hypertension (HT), ischaemic heart disease (IHD), hypercholesterolaemia, arthritis, 

obstructive sleep apnoea (OSA), polycystic ovarian syndrome (PCOS), pre-eclampsia, 

gestational diabetes and history of depression or anxiety.  However, there was a 

significant difference in maternal T2DM (p<0.001).  No mother of a child in Group 1 or 2 

reported T2DM, compared to eight mothers of Group 3 children.  The reported medical 

histories of fathers did not differ between groups, but were similar to disease incidences 

in the general population(150). 

 

 

3.2.4. Child’s Medical History and Symptoms of Complications 

There were no statistically significant differences between groups for a history of 

asthma, ENT problems, upper respiratory tract infections or tonsillitis.  These were the 

“distractor” questions (symptoms of which have no association with overweight/obesity). 
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In the results of the reported symptoms of those complications known to be 

associated with overweight/obesity, a general trend of the progression of symptoms 

from Group 1, increasing through Group 2 up to peak reporting in Group 3 is found. 

Overall, the difference in reported musculoskeletal pain was significant 

(p<0.001), with pairwise comparisons showing that children in Group 2 were six times 

more likely to report pain than Group 1 (OR 6.11 p=0.008).  Group 3 were more than 

eight times more likely to report pain than Group 1 (OR 8.83 p<0.0001).  There was no 

statistically significant difference in reported musculoskeletal pain between Groups 2 

and 3.  Seven children reported pain in each category of hips, back and lower limbs.  

Sixteen children reported knee pain.  No children reported upper limb pain.   

The difference between the three groups in reported symptoms of obstructive 

sleep apnoea (OSA) was significant (p<0.001), with pairwise comparisons showing 

higher reporting of OSA symptoms amongst the clinic recruited children of Group 3.  

Group 3 children were more than three times more likely to report OSA symptoms than 

Group 2 (OR 3.46 p=0.003) and six times more likely to report OSA symptoms than 

Group 1 (OR 6.14 p<0.0001).  There was no difference between reported OSA 

symptoms between Groups 1 and 2. 

Breaking down the reported symptoms of OSA further; there were no 

differences in the reporting of snoring in each group, however, children in Group 3 had 

more episodes of apnoea, daytime somnolence and gasping than Groups 1 and 2, but 

this did not reach statistical significance. Children reporting significant symptoms of 

OSA were referred to the respiratory clinic at Princess Margaret Hospital for further 

assessment. 

There were no reported differences between the groups for enuresis and 

enuresis was not more common in those who complained of symptoms of OSA. 

The difference between the three groups in reported headaches was significant 

(p<0.001), with pairwise comparisons showing higher reporting of headaches amongst 

Group 3 children. They were more than six times more likely to report headaches than 

Group 2 (OR 6.22 p=0.012) and 17 times more likely to report headaches than Group 1 

(OR 17.1 p<0.001).  There was no difference between reported headache symptoms 

between Groups 1 and 2. 

The difference in reported bullying or teasing about weight-related issues 

between the three groups was significant (p<0.0001), with pairwise comparisons 

showing differences in all groups.  Group 3 children were more than seven times more 
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likely to report bullying than Group 2 (OR 7.4 p<0.001) and 210 times more likely to 

report bullying than Group 1 (OR 210.5 p<0.001).  Group 2 children were more than 28 

times more likely to report bullying than Group 1 (OR 28.42 p<0.0001).  There was only 

one child in Group 1 who reported bullying compared to only five and six children in 

Groups 2 and 3 respectively who did not report bullying. 

There were also significant differences in the reported symptoms of anxiety and 

depression (both p<0.001). Group 3 children were almost twice as likely to report 

feeling depressed (OR 1.94 p<0.001) and anxious (OR 1.78 p<0.001), than Group 2 

children). Group 2 children were almost twice as likely to report anxiety as Group 1 (OR 

1.79 p<0.001).
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  Odds Ratios compared to Group 1   

Reported 
Complications 

Chi-Square Group 2 Group 3 

 p-value Community Overweight Clinic Overweight 
 
Musculoskeletal pain 

 
<0.001 

 
6.11 (p=0.008) 

 
8.83 (p<0.001) 

OSA <0.001 1.83 (p=0.25) 6.14 (p<0.001) 
Headache <0.001 2.82 (p=0.57) 17.1 (p<0.001) 
Teasing/Bullying <0.001 28.42 (p<0.001) 210.46 (p<0.001) 
Anxiety <0.001 1.76 (p<0.001) 2.57 (p<0.001) 
Depression <0.001 5.84 (p<0.001) 10.89 (p<0.001) 
Enuresis 0.660 1.41 (p=0.638) 1.875 (p=0.361) 

 
 
 

Table 6 Overall chi-squares for differences between  three recruitment groups and odds ratios for Group  2 and 
Group 3. 

 (compared to Group 1) 
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3.2.5. Physical Examination  

 Blood pressure for the three groups was significantly different (p<0.001).  Group 

3 children had significantly higher SBP and DBP z-scores (SBP 1.11 ± 1.18, DBP 0.60 

± 0.85) than Group 1 (SBP 0.37 ± 0.92 DBP 0.18 ± 0.61) and Group 2 (SBP 0.57 ± 1.09 

DBP 0.14 ± 0.52).   
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Figure 4 Mean systolic blood pressure z-scores for each recruitment group.  

 
 

 

Diastolic Blood Pressure

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Group 1 Group 2 Group 3

D
B

P
 z

 S
co

re

 

Figure 5 Mean diastolic blood pressure z-scores for  each recruitment group.  
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Acanthosis nigricans (AN) was not present in any Group 1 children, whereas 

four (7.5%) Group 2 and 15 (29.4%) Group 3 children had AN on examination.  The 

sensitivity of AN for the diagnosis of fasting hyperinsulinism (>12.0umol/L) was 41.6%, 

and specificity 94.9%. BMI z-score >2.00 showed comparable sensitivity (45.8%) but 

was less specific (74.6%).  Hirsuitism and acne were present in five girls, one from 

Group 2 and four from Group 3.  Gynaecomastia was present in seven (29.0%) boys 

from Group 2 and 12 (44.4%) from Group 3.  These results are combined for boys and 

girls in the graph below as “Hormonal Disturbance”.  Hip and knee movement were 

limited by pain in two children from Group 3, with one child requiring monitoring for 

development of slipped upper femoral epiphysis, and one child requiring surgical 

intervention for Blount’s disease.  
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b) Limited Hip / Knee Movement
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c) Hormonal Disturbance
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Figure 6 Percentage of each recruitment group with the complications of a) acanthosis 

nigricans, b) limited hip or knee movement, and c) hormonal disturbance 

 (“hormonal disturbance” defined as gynaecomastia in boys and hirsuitism plus acne in girls). 
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3.2.6. Blood Investigation Results 

Successful fasting blood tests and OGTTs were carried out in a total of 146 

(82.5%) children.  These were 59 (80.8%) Group 1 children, 47 (88.7%) Group 2 

children and 40 (78.4%) Group 3 children.  There were no differences between subjects 

with successful and unsuccessful blood tests. 

The mean fasting plasma glucose level and HbA1C were similar across groups, 

but the plasma glucose levels at 60 and 120 minutes, mean insulin and mean c-peptide 

at 0, 60 and 120 mins all showed statistically significant differences.  Most differences 

were found to be significant due to elevations in Group 3 results, but the pattern of 

increase of means across the three groups held. 

HDL and TG were significantly different between groups and the most 

discriminating measures of lipid profile, showing an increase in unfavourable lipid profile 

across groups.  Interestingly, LDL and total cholesterol were not distinctly different 

across groups and did not show a worsening lipid profile across groups.  Of the liver 

function tests only ALT was significantly different between groups (table 7).   
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 Group 1 Group 2 Group 3 ANOVA   

Investigations Normal Weight Community 
Overweight/Obese  

Clinic 
Overweight/Obese  p-value   

 (n=59) (n=47) (n=40)   

PGL fasting (mmol/L) 4.49 ± 0.52 4.50 ± 0.44 4.55 ± 0.30 0.783  

60 mins 5.61 ± 1.51 5.80 ± 1.43 6.36 ± 1.15 0.048  * 

120 mins 5.27 ± 1.20 5.45 ± 1.27 5.92 ± 0.88 0.041  * 

Insulin  fasting (mU/L) 6.20 ± 3.00 7.90 ± 4.90 13.50 ± 15.00 <0.001  *# 

60 mins 38.20 ± 23.40 51.90 ± 28.80 82.10 ± 64.60 <0.001  *# 

120 mins 40.50 ± 27.80 49.10 ± 28.80 76.20 ± 72.50 <0.001 *# 

C-peptide  fasting (nmol/L) 0.45 ± 0.21 0.61 ± 0.38 0.94  ±  0.39 <0.001  *# 

60 mins 1.78 ± 0.67 2.06 ± 0.67 2.68  ±  0.90 <0.001  *# 

120 mins 1.62 ± 0.68 1.91 ± 0.65 2.47  ± 0.95 <0.001  *# 

HbA1c (%) 5.40 ± 0.28 5.40 ± 0.27 5.60  ± 0.34 0.168  

Total Cholesterol  (mmol/L) 4.39 ± 0.67 4.63 ± 0.84 4.21 ± 0.71 0.032  * 

HDL 1.58 ± 0.35 1.42 ± 0.34 1.16 ± 0.29 <0.001  *# ‡ 

LDL 2.45 ± 0.62 2.76 ± 0.86 2.49 ± 0.69 0.08  

TG 0.77 ± 0.25 0.99 ± 0.48 1.12 ± 0.50 <0.001 # ‡ 

ALT  (U/L) 12.98 ± 6.08 17.58 ± 9.25 28.21 ± 17.45 <0.001 *# 

Table 7 Blood investigation results analysed by rec ruitment group.  

* indicates pairwise p<0.05 between Group 3 and 1.    # indicates pairwise p<0.05 between Group 3 and 2.  ‡ indicates pairwise p<0.05 between Group 1 and 2. 
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Although in general there was a trend toward increasing values across the three 

groups for the various blood tests, the number of subjects with results above 

recommended reference ranges should be considered, as this defines a pathological 

result and therefore a disease state.  Table 8 shows the percentage of children in each 

group with pathological results considering findings from blood pressure and blood 

investigations alone.  No child was diagnosed with T2DM, but significant numbers of 

children in Groups 2 and 3 met the criteria for Impaired Glucose Tolerance (IGT).  High 

levels of dyslipidaemia were seen in all groups, including children of normal weight.  

Considering each component of the lipid profile separately, total cholesterol >=4.5 and 

LDL >=2.9 were high in all three groups, whereas HDL and TG were more likely to be 

pathological in Groups 2 and 3.   
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 Group 1  Group 2  Group 3  

Co-morbidities Normal Weight  Community 

Overweight/Obese  

Clinic 

Overweight/obese  

Hypertension  8.6% 9.6% 21.6% 

Impaired Glucose Tolerance  All normal 6.7%  3.0%  

Hyperinsulinism  6.8% 17.4% 31.6% 

Dyslipidaemia  50.8% 62.5% 75.6% 

Total Cholesterol >=4.5 47.5% 56.2% 46.3% 

Elevated ALT  1.7% 11.1% 38.5% 

Table 8 Percentage of children with pathological bl ood pressure and blood investigation results. 

(DBP or SBP z-score >2.00, fasting PGL <7.0 and 2h PGL 7.8-11.0, fasting insulin >12.0, one or more of total cholesterol >4.5, HDL <0.9, LDL >2.9 TG 

>1.6, ALT >30.0) 
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The complications found on investigation show evidence of clustering amongst 

children in Groups 2 and 3.  Using all available investigation results and hypertension 

results as in table 8 above, 59% of children in Group 1 had only one or no abnormal 

investigations at all.  This decreased to 35% of Group 2 children and 31% of Group 3 

children.  Similarly, three or more pathological results were found in 24% of Group 1 

children, increasing to 49% of those in Group 2 and 42% of those children in Group 3. 

If total cholesterol and LDL results are removed from analysis (as they were not 

found to be discriminatory in our population and high levels of pathological results were 

found in normal weight children) then the effect of clustering of co-morbidities becomes 

even more apparent.  Of the remaining discriminating investigations (plus blood 

pressure), 98% of Group 1 children had only one or no abnormal investigations, 

decreasing to 81% of Group 2 and 63% of Group 3 children.  No child in Group 1 had 

three or more pathological results, whereas 8% of Group 2 and 16% of Group 3 

children had three or more pathological results. 
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3.2.7. Results of Oral Glucose Tolerance Test in normal weight children 

Oral Glucose Tolerance Tests (OGTTs) were successfully performed in 59 

children of normal weight.  The fasting insulin results in this group were not normally 

distributed but were skewed to the right, as can be seen in figure 7.  The median 

value for fasting insulin was 5.0mU/L, with a mean of 6.24 ± 3.00mU/L and a mode 

of 4.0mU/L.  The 10th, 90th, 95th and 97.5th centile values are shown in table 9.  

There were two outlying results of 16.0mU/L (subject 53) and 18.0mU/L (subject 10) 

which could not be explained by any complicating factors on review of these two 

subjects (age, sex, pubertal status, family history, ethnicity etc see figure 8).   

The 60 minute insulin levels were not normally distributed, with a much wider 

range (6.0 to 130.0mU/L).  Two outlying results of 95.0mU/L (subject 11) and 

130.0mU/L (subject 43) were found (these were different subjects to those with the 

outlying results for fasting insulin).  The 120 minute insulin levels were again not 

normally distributed, with a wide range (5.0 to 140.0mU/L).  There were three 

results over 100.0mU/L (140.0mU/L, 110.0mU/L and 130.0mU/L).  These were 

subjects 43 (who also had increased insulin at 60 minutes), 53 (who had fasting 

hyperinsulinism) and 56 respectively.   

 

 

Group 1  
Normal Weight 

Fasting Insulin 
(mU/L) 

60 min Insulin 
 (mU/L) 

120 min Insulin 
(mU/L) 

Median 5.0 34.0 34.0 

Mode 4.0 20.0 22.0 

Mean 6.2 38.2 40.5 

10th centile 2.7 12.7 14.6 

90th centile 11.0 64.3 71.4 

95th centile 12.2 72.6 91.6 

97.5th centile 14.2 86.9 122.0 

Range  2.0 - 18.0 6.0 - 130.0 5.0 - 140.0 

 

Table 9 Oral Glucose Tolerance Test results of chil dren in Group 1. 
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Figure 7 Frequency of each insulin result amongst c hildren in Group 1. 

 

 

 

Fasting Insulin Levels in Normal Weight Children (G roup 1)

0.0

5.0

10.0

15.0

20.0

0 10 20 30 40 50 60

Subject Number

F
as

tin
g 

In
su

lin
 (

m
U

/L
)

 

Figure 8 Scatter graph of fasting insulin results i n children in Group 1. 
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60 minute Insulin Levels in Normal Weight Children (Group 1)
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Figure 9 Scatter graph of insulin results at the 60  minute time point of the Oral 

Glucose Tolerance Test in children in Group 1. 
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Figure 10 Scatter graph of insulin results at the 1 20 minute time point of the Oral 

Glucose Tolerance Test in children in Group 1.  
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3.3. Continuous Analysis of Results by Child Body Mass Index z-score 

 

3.3.1. Demographics and Anthropometry 

Basic characteristics of the whole cohort of 177 children are shown in table 10.  

As children were recruited at different ages, parental age at child’s birth is reported. The 

median number of people per household was four, and 19.8% of children came from 

single-parent families.   

 

 

n=177 Mean Std Dev Range 

Child age (yr) 9.71 1.79 6.0 – 13.2 

BMI z-score 1.04 1.32 -2.93 – 3.02 

Mothers’ BMI (kg/m2) 28.83 7.15 19.38 – 53.67 

Fathers’ BMI (kg/m2) 27.34 4.77 18.39 – 49.60 

Mother’s age at child’s birth (yr) 29.8 4.9 16.7 – 41.0 

Father’s age at child’s birth (yr) 31.9 5.7 19.0 – 47.90 

Index Relative Disadvantage 1033.23 70.96 807.60 – 1159.69 

Index Relative Adv/Disadv 1036.75 86.68 835.40 – 1222.50 

Index Economic Resources 1029.42 72.73 858.48 – 1244.72 

Index Education and Occupation 1026.92 97.51 841.60 – 1225.28 

Child’s birth weight (g) 3470.81 663.9 1300 - 7500 

Child’s gestation (wk) 39.37 2.11 29.0 – 43.0 
 

Table 10 Demographic and Body Mass Index results fo r the complete cohort of 177 

children in the Cross-Sectional Study. 

 

 

3.3.2. Determinants of Child Body Mass Index  

 

Linear regression analysis was used to determine those variables significantly 

associated with child BMI, using child BMI z-score as the outcome variable. 

Socioeconomic status, parents’ ages, birth data (gestation and birth weight), family 

structure, and mothers’ and fathers’ BMI were entered into the model, including all 

squares and interactions.  Only maternal and paternal BMI remained significant.  For 
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every unit increase in maternal BMI, child BMI z-score increased by 0.073 (p<0.001) 

and for every increase in paternal BMI, child BMI z-score increased by 0.095 (p<0.001). 

Figure 11 shows each parent’s BMI plotted against their child’s BMI z-score, with the 

adjusted regression line plotted.   



 72 

 

Maternal BMI vs Child BMI z score

10.0

20.0

30.0

40.0

50.0

60.0

-4.00 -2.00 0.00 2.00 4.00

Child BMI z score

M
ot

he
rs

 B
M

I Measured
Child BMI
points

Regression
Line

 

Figure 11 Scatter graph of maternal Body Mass Index  score and child Body Mass Index z-

score with adjusted linear regression line plotted.  
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Figure 12 Scatter graph of paternal Body Mass Index  score and child Body Mass Index z-

score with adjusted linear regression line plotted.
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3.3.3. Child’s Medical History and Symptoms of Complications 

The medical history and symptoms of the complications of overweight and obesity 

was collected for each child and their parents.  Tables 11 and 12 show these results for 

parents and children of the whole cohort. 

 

 

Medical Problems Maternal Complications Paternal Co mplications 

 n (%) n (%) 

Overweight (BMI 25.0-29.9) 48 (23.4%) 59 (28.8%) 

Obese (BMI >=30.0) 62 (30.2%) 37 (18.0%) 

HT 16 (9.0%) 24 (14.6%) 

IHD 0 (0%) 4 (2.4%) 

Dyslipidaemia 19 (10.7%) 23 (14.0%) 

Depression 31 (17.5%) 9 (5.5%) 

Anxiety 6 (3.4%) 1 (0.6%) 

T2DM 8 (4.5%) 18 (11.0%) 

OSA 2 (1.1%) 15 (9.1%) 

Arthritis 15 (8.5%) 6 (3.7%) 

PCOS 3 (1.7%) - 

Pre-ecclampsia 14 (7.9%) - 

Gestational Diabetes 14 (7.9%) - 
 

Table 11 Parents’ complications incidences for the Cross-Sectional Study. 
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Child’s Medical History n (%) 

Overweight  49 (27.7%) 

Obese  55 (31.1%) 

Asthma 42 (23.7%) 

Recurrent Otitis Media / Grommets  20 (11.3%) 
Recurrent Tonsillitis / 
Tonsillectomy 17 (9.6%) 

Eczema 10 (5.6%) 

Allergy - Inhalational / Ingested 13 (7.3%) 

Musculoskeletal pain 28 (15.8%) 

OSA Symptoms 51 (28.8%) 

Enuresis 13 (7.3%) 

Headache 13 (7.3%) 

Bullying / Teasing 54 (30.5%) 

Anxiety 17 (9.6%) 

Depression 11 (6.2%) 

 

Table 12 Child’s complications incidences for the C ross-Sectional Study. 

 

 

The relationships between child’s BMI z-score and each of the reported 

complications of obesity (and for health issues not thought to be related to obesity) 

were investigated.  This was done by performing separate logistic regression models for 

each reported complication.  The complications were used as outcome variables and 

BMI z-score was entered into the model as a continuous independent variable.  After 

controlling for socioeconomic status, parents’ ages, parents' own medical history (e.g. 

of arthritis/OSA/headache etc), child’s age and sex, a significant relationship was 

demonstrated between BMI z-score and all expected complications except anxiety and 

enuresis (table 13).  BMI z-score was not related to child’s history of asthma, tonsillitis, 

otitis media, grommet insertion, eczema or allergy (inhalational or ingested), whereas 

the odds ratios were greatest for the psychological complications of overweight and 

obesity (depression, bullying and teasing). 
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Child’s Reported 
Symptoms N (%)    Wald p-value Odds Ratio 

95% Confidence 
Interval of Odds 

Ratio 

(n=177) (Children reporting each 
complication) 

(for BMI z-score) (with each increase of 1.0 in 
BMI z-score) 

 

     

Musculoskeletal pain 28 (15.8%) 0.003 2.54 (1.41, 4.59) 

OSA 51 (28.8%) 0.002 1.89 (1.54, 2.83) 

Headache 13 (7.3%) 0.027 2.42 (1.11, 5.29) 

Teasing/Bullying 54 (30.5%) <0.001 8.01 (3.47, 18.54) 

Anxiety 17 (9.6%) 0.134 1.53 (0.88, 2.67) 

Depression 11 (6.2%) 0.029 3.38 (1.13, 10.11) 

Enuresis 13 (7.3%) 0.333 1.30 (0.78, 2.42) 

Table 13 Child’s reported symptoms of the complicat ions of overweight/obesity with p-values as assesse d by separate 

adjusted logistic regression models.  

(method explained in text) 
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3.3.4. Physical Examination  

Both SBP and DBP z-scores increase in a statistically significant linear 

relationship with BMI z-score (p=<0.001, model R2 = 0.320 and p=0.021, model R2 = 

0.269 figures 13 and 14).  However, the gradient for SBP is higher than for DBP (β co-

efficient for SBP z-score 0.230 ± 0.061, β co-efficient for DBP z-score 0.095 ± 0.041).   

Acanthosis nigricans (AN) was present in 10.7% of children and for each unitary 

increase in BMI z-score, the adjusted odds ratio for AN consistently increased by 11.54 

(p=0.002).  For positive paternal history of T2DM, the adjusted odds ratio for AN was 

13.09 (p=0.010).   
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Figure 13 Scatter graph of systolic blood pressure z-score and child Body Mass Index z-

score with adjusted linear regression line plotted.  
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Figure 14 Scatter graph of diastolic blood pressure  z-score and child Body Mass Index z-

score with adjusted linear regression line plotted.  

 
 
 
 
 



 78 

 
 

3.3.5. Blood Investigations 

Successful fasting blood tests and OGTTs were carried out in 82.5% of children.  

Regression analysis was used to separately model each test result with child BMI z-

score (and all squares and interactions) as a continuous variable in the model.  

Adjustment was made for parental history of T2DM and dyslipidaemia, and child’s age, 

sex, SES, presence of acanthosis nigricans, waist to hip ratio, and SBP and DBP z-

scores.   

The child BMI z-score and/or the square of child BMI z-score remained 

significant in the model (p<=0.05) for plasma glucose level at time 120 mins, insulin at 

all time points, and fasting c-peptide.  Each increase in child BMI z-score increased the 

log of the fasting insulin by 0.045 ± 0.024 (model R2 = 0.234, see figure 15). There was 

a significant relationship between the log of insulin at both 60 and 120 minutes and BMI 

z-score squared (p=0.02 model R2 = 0.256 and p=0.03 model R2 = 0.217), and with 

fasting c-peptide (p=0.005 model R2 = 0.406) resulting in curvilinear graphs.  BMI z-

score did not remain significant in the model for fasting or 60 minute plasma glucose 

level.  
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Figure 15 Scatter graph of the logarithm of the fas ting insulin blood investigation result 

and child Body Mass Index z-score with adjusted lin ear regression line plotted. 
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Figure 16 Scatter graph of the logarithm of the 60 minute insulin blood investigation 

during the Oral Glucose Tolerance Test and child Bo dy Mass Index z-score with adjusted 

linear regression line plotted. 
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Figure 17 Scatter graph of the logarithm of the 120  minute insulin blood investigation 

during the Oral Glucose Tolerance Test and child Bo dy Mass Index z-score with adjusted 

linear regression line plotted.  
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  The relationship between child BMI z-score and ALT shows a linear increase 

across BMI values (figure 18, R2 0.271).  However, after a BMI z-score of 2.00, a 

sudden increase is seen in some individuals.  A curvilinear relationship is seen with BMI 

z-score and each of total cholesterol (model R2 0.120), HDL (model R2 0.149), and TG 

(model R2 0.226), (see figures 19, 20, 21).  HDL and TG show unfavourable profiles at 

both extremes of BMI z-score. 
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Figure 18 Scatter graph of alanine aminotransferase  and child Body Mass Index z-score 

with adjusted linear regression line plotted. 
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Figure 19 Scatter graph of total cholesterol and ch ild Body Mass Index z-score with 

adjusted linear regression line plotted. 
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Figure 20 Scatter graph of high density lipoprotein  and child Body Mass Index z-score 

with adjusted linear regression line plotted. 
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Figure 21 Scatter graph of triglycerides and child Body Mass Index z-score with adjusted 

linear regression line plotted. 
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4. Discussion of the Cross-sectional Study  

 

4.1. Discussion of the Analysis by Recruitment Grou p 

 

4.1.1. Demographics and Weight Status 

There are several points of discussion which arise from the results when analysed 

by recruitment group.  No differences between the groups were found for any of sex, 

age, gestation, birth weight or parental age, and these findings are consistent with other 

studies(11).  The differences in socio-economic status (SEIFA score estimates) found in 

this study were small but statistically significant, with Group 3 showing slightly lower 

SEIFA scores.  Children in Group 3 were also more likely to come from smaller, single-

parent families. These findings could be expected from a group of children recruited 

from a public hospital outpatient setting (tertiary clinic).  No socio-economic differences 

were found or expected from Group 1 and 2 children who were matched during 

recruitment.  Due to this method of recruitment, no comment can be made about the 

relative weight status of children from different socio-economic stations.  Previously 

published studies show varied relationships between socio-economic status and weight 

status.  Some studies show greater levels of overweight/obesity amongst children from 

relatively higher social stratas, whereas others show the opposite, varying with the time 

and place of the study, and ethnicity and sex of the subjects(151-154).   

Intuitively, it may be expected that a greater proportion of those seeking 

treatment were obese (Group 3, 90.2%), compared to those recruited from the 

community (Group 2, 17% obese).  Studies of children attending tertiary referral centres 

for weight management have shown that the majority are obese(22, 30, 35, 83, 130, 

136, 155). 

It is of concern that nearly half (45.3%) of the parents of children in Group 2 

(non-treatment seeking) were unaware that their child was overweight. This is 

supported by findings from other studies, which report that 50 - 90% of parents are 

unaware of their child’s excessive weight status(13-16, 156).  Obviously a large 

proportion of the problem of childhood obesity rests here.  Any investigation and 

treatment for complications and co-morbidities first requires identification of those at 

risk.  

Of those children recognized to be overweight/obese, parents report either age 

‘one year’, or ‘five to six years’ as the time of their identification of the weight problem.  
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Whilst this is a subjective “guess” by parents, it suggests that overweight and obese 

children may be beginning their weight gain earlier than previously appreciated.  This 

supposition is supported by a recent study by Campbell et al. which found over 19% of 

pre-school children aged four to five years are overweight or obese(156).  These ages 

of ‘one year’ and ‘five to six years’ stated as parental recognition points for weight 

problems may represent times in a child’s life that a parent finds easy to recall (first 

birthdays, school entry), and they are times at which the child may have been seen in 

the company of other children the same age for easy parental visual comparison of 

body size and shape.  However, for those in Group 2 (non-treatment seekers) this 

realisation did not lead the parent to seek evaluation or treatment for their child, and for 

Group 3 (treatment seekers) the “lag time” was around 6 years before treatment was 

sought.  The reasons for delay in seeking medical review or professional help may 

include the belief that weight gain is a social problem, or the misguided belief that 

children generally outgrow their “puppy fat”(11).  Further research is needed to identify 

these factors, which were not investigated by the current study.  Any lag in seeking 

evaluation and treatment may expose the child to an increased risk of complications, 

and it is accepted that the longer the child remains overweight or obese, the more likely 

he/she will become an overweight/obese adult(8, 10).   

It has recently been suggested by the Australian Medical Association’s Western 

Australian branch, that children should be weighed and measured at school, with a 

letter sent to parents to highlight their child’s weight status(157).  This approach would 

certainly target the deficiencies in relying on parental perception of child’s weight status.  

However bullying, teasing and psychological problems such as depression and 

excessive weight and shape concern could result from this form of school-based 

screening.  If children’s weight gain is indeed first noticed at between one and six years 

of age, it may be prudent to begin measuring children before school entry.  General 

practitioners are the first point of contact for many of these children, and opportunistic 

measurement of children presenting for other medical problems should be standard 

care. 

Odds ratios for childhood obesity are known to increase with parental 

obesity(10, 48, 158), and these results are comparable with our findings, as across all 

three groups, both paternal and maternal BMI increased significantly.  It is interesting to 

note that 51.4% of mothers and 63.5% of fathers of normal weight children in Group 1 
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were overweight (BMI >25.0), reflecting the so far disproportionate increase in adult 

obesity compared to child obesity in the general community. 

 

 

4.1.2. Continuum Effects and Rates of Complications 

A striking aspect of the results when analysed by recruitment group is the clear 

continuum effect evident with increasing adiposity across almost all measurements.  A 

general progression of the incidence of the symptoms of complications, positive findings 

on examination, and of abnormal investigation results is seen.  Children in Group 1 

have little or no complications, Group 3 have the most, with Group 2 occupying the 

middle ground.   

Considering the reported symptoms of the complications of obesity, children 

who were overweight/obese were more likely to report symptoms of musculoskeletal 

pain, headache, OSA, teasing/bullying, anxiety and depression than normal weight 

children.  Enuresis was the only known complication of obesity which did not show a 

significant difference between groups.  It is accepted that the diagnosis of OSA cannot 

be distinguished from primary snoring on history alone(159), however the reporting of 

apnoeas is one of the discriminating features, and this was reported amongst greater 

numbers of children in Group 3. Each of these categories requires further study to 

determine the extent of medical co-morbidity related to the reported symptoms, namely, 

joint X-rays, lumbar puncture, sleep studies, and psychological assessment.  

Published rates of medical complications (on physical examination and blood 

investigation) for obese treatment-seeking cohorts are comparable with the findings for 

children in Group 3 (treatment seeking sample).  No previously published Australian 

studies have quantified the prevalence of cardiovascular and metabolic complications of 

obesity in children attending a tertiary referral clinic.  The rates of co-morbidities 

(diagnosed by a pathological result) in our clinic-recruited group, Group 3, are 

comparable to published international studies (see tables 14 and 15).   
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Year Study  Country  N Age  BMI IFG  IGT  High Fasting 
Insulin*  T2DM  

    (mean yr) (mg/kg2) (%) (%) (%) (%) 

2004 Reinrhr et al. Germany variable 
(range>200-2200) 13.0 BMI sds mean 

2.57 1.0 6.0 - 1.0 

2004 Wabbitsch et al. Germany 520 14.0 BMI sds mean 
2.70 3.7 2.1 - 1.5 

2004 Conwell et al.  Australia 21 14.2 38.8 4.8 19.0 66.6 4.8 

2003 
Galli-

Tsinopoulou et 
al. 

Greece 46 10.6 27.7 0.0 0.0 54.0 0.0 

2003 Invitti et al. Italy 710 14.0 35.0 0.4 4.2 - 0.1 

2002 Sinha et al. USA 55 7.3 30.6 - 25.5 - 0.0 

2002 Sinha et al. USA 112 14.5 38.0 - 20.5 - 3.6 

2002 Csabi et al. Hungary 180 13.0 30.2 - 27.8 53.9 0.0 

          

2006 This study**  Australia 40 10.1 31.2 0.0 3.0 31.6 0.0 

 

Table 14 Results from previous studies investigatin g Type 2 Diabetes Mellitus and impaired glucose hom eostasis in 

overweight/obese children and/or adolescents. 

* Note Csabi et al. high fasting insulin >18.7mU/L, Conwell et al. high fasting insulin >21.0 mU/L, Galli-Tsinopoulou et al. high fasting insulin >24.0mU/L 

**This study results for Group 3 with successful blood tests only
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Year Study Country  N Age  BMI High chol Low HDL High LDL High TG  HT 

    (mean yr) (mg/kg2) (%) (%) (%) (%) (%) 

2004 Reinrhr et al. Germany variable 
(range>200-2200) 13 BMI sds mean 2.57 11 11 9 29 23 

2003 Invitti et al. Italy 710 14.0 35.0 - 17.0 18.5 17.5 27 

2002 Csabi et al. Hungary 180 13.0 30.2 25.1 7.1 - 39.24 40.6 

           

2006 This study**  Australia 40 10.1 31.2 46.3 20 35 13.3 21.6 
 

Table 15 Results from previous studies investigatin g lipid status and hypertension in overweight/obese  children and/or 

adolescents. 

**This study results for Group 3 with successful blood tests only 

 



It is alarming that the overweight but non-treatment seeking primary school aged 

children in Group 2 have significant medical complications associated with adiposity.  

Published results for a young, community recruited group are scarce internationally, 

and there are no published results for this group of Australian children.  Between 20 to 

30% of five to 11 year old community-recruited obese children are described as 

hypertensive by Figuroa-Colon et al(160) (this study, Group 2,10%).  The Bogalusa 

Heart study reports 58% of overweight/obese community-based children aged five to 10 

years children with at least one cardiovascular risk factor.  Of these children, 22% had 

high insulin, 21% had high total cholesterol, 18% had high TG, 15% had low HDL and 

19% had high LDL (in this study, Group 2, 17% high insulin, 56% high total cholesterol, 

12% high TG, 6% low HDL, 42% high LDL)(33).  Uwaifo et al described a community 

sample of overweight children six to 11 years, and 4.1% had IGT (this study, Group 2, 

6.7% IGT)(36).   Some data for co-morbidity incidence in community-recruited 

adolescents is available.  The Taipei Children Heart Study recruited older school 

children (mean age 13.3 years range 12 to 16 years) and found 40.1% hypertensive, 

32.2% high cholesterol and TG, and 15.4% with IFG(31, 60).  The higher rates of co-

morbidities in the Taipei study may represent an increased age range with longer 

duration of obesity.  Six percent of overweight and 10% of obese adolescents (12-18 

years) recruited for the NHANES III study had elevated ALT(34).  The Bogalusa Heart 

study also included overweight/obese adolescents, and found 20% with 

hyperinsulinism, 17% high cholesterol, 27% high TG, 18% high LDL and 19% low 

HDL(33).   

Data remains scant and sample sizes relatively small for the rates of co-

morbidities amongst non-treatment seeking overweight/obese cohorts of children.  The 

variation in the results from the studies mentioned above could be attributed to differing 

degrees and definitions of adiposity, age differences, recruitment methods, ethnicity, 

and definitions of both overweight/obesity and of pathological levels of each blood 

investigation. 
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These results for Group 2 children are perhaps the most concerning outcome of 

this study and can be summarised as three main points.   Firstly, significant numbers of 

overweight and obese primary school children in the community go unrecognised as 

having excess weight by their parents.  Secondly, overweight/obese children as young 

as six to 13 years have medical complications related to their weight status.  And 

thirdly, children who are overweight should be screened for complications, as well as 

those who are obese.  

The importance of medical and societal acknowledgment of the problem in light 

of these co-morbidities cannot be overstated, since the implications for future disease 

burden in adults is clear.  Identification of children at risk should be followed by 

thorough investigation for complications.   A multi-disciplinary team approach to assist 

the family and child to make positive lifestyle changes is needed to tackle the issues 

around weight gain and weight maintenance, and to treat co-morbidities. 

 

4.1.3. Limitations of this study 

Blood pressure measurement in this study was obtained by the average of 3 

sequential measurements using an oscillometric device.  The decision was made to use 

an oscillometric device to minimise observer error as the study will be ongoing (and 

although all measurements for the results shown here were taken by the author, staff 

who continue the study will change).  However, it is recommended practice to confirm 

any blood pressure measurements over the 90th centile (for age, height and sex) by 

auscultation(161).  As centiles were calculated at the conclusion of all assessments, 

auscultatory blood pressure review was not possible for this study.  This may account 

for the relatively high levels of hypertension found.    Over eight per cent of normal 

weight children were found to be hypertensive (around three per cent would be 

expected based on a normal distribution).  Although the average of three sequential 

blood pressure measurements was taken for each subject, “white coat hypertension” 

may account for this finding.  However, the progression of incidence of hypertension 

across groups remains valid. 

This study, as with others reporting the incidence of IGT, IFG and T2DM, is 

based on the results of a single OGTT.  Whilst some studies have shown good 

reproducibility of the OGTT(35), others have not(130, 131).  It should be noted that in 

the clinical setting, repeat OGTT no more than three months later is recommended for 

the diagnosis of these conditions in asymptomatic patients(74, 81, 131).  
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It is also worth noting the relatively high levels of dyslipidaemia in all three 

recruitment groups, including children of normal weight.  Dyslipidaemia was defined by 

the cut-off values (appropriate for age) recommended by the National Health and 

Medical Research Council of Australia(146), the Dieticians Association of 

Australia(145), the Royal Australian College of Paediatrics(145), research papers(147) 

and internationally recognized laboratory standards manuals(144).  Total cholesterol 

and LDL were high in all three groups, whereas HDL and TG were more likely to be 

pathological in Groups 2 and 3.  As distinct from the pattern of dyslipidaemia in adults, it 

is thought that HDL and TG are more discriminating in children than total cholesterol 

and LDL measurements(11, 33, 60), and this was the case in our cohort.   

Cholesterol results in a sample of 7,499 children and adolescents aged four to 

19 years were analysed in the United States NHANES III study (1988-1994).  The mean 

results for total cholesterol and HDL in children aged six to 11 years were 4.37mmol/L 

(±SE 0.0259) and 1.35mmol/L (±SE 0.016).  The total cholesterol results are very close 

to the results for our Group 1 normal weight children (cholesterol mean 4.39 ± 

0.67mmol/L) but the HDL results in our cohort were higher (HDL mean 1.58 ± 0.35 

mmol/L).   

 

4.1.4. Clustering 

Clustering (the co-occurrence of co-morbidities in the same subject) of obesity 

related co-morbidities has been previously shown in children and adolescents(30, 114, 

162, 163).  In adults, it is known that clustering is related to higher rates of heart 

disease, stroke and related mortality(109, 110, 164-166).  This study has demonstrated 

clustering of co-morbidities in Group 2 and Group 3 children at similar rates.  

Longitudinal studies are needed to assess the long term impact of developing 

these co-morbidities at primary school age.  The scarce longitudinal mortality data that 

is available is mainly follow-up data amongst overweight and obese adolescent males, 

and shows increased all-cause mortality(167-169) and cardiovascular mortality(170).  

One study shows increased all-cause mortality after follow-up in overweight adolescent 

females(171).  Due to the early development of co-morbidities, obese and overweight 

Australian primary school aged children may be at risk of heart disease, stroke, T2DM 

and related mortality earlier than previous generations.   
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4.1.5. Results of Oral Glucose Tolerance Tests in Normal Weight Children  

There is only one previous report of insulin levels during Oral Glucose Tolerance 

Tests (OGTTs) in 40 normal weight children, but it is without published demographic or 

anthropometric data(128).  We studied 59 normal weight children in a population which 

was randomly selected from the community and collected demographics and 

anthropometry.  The insulin levels of our 59 subjects were similar to those described 

previously, but had a lower median, and a higher range when the outliers were 

included.  It may be that the lower results were due to improved techniques of insulin 

analysis.  The biochemical determination of insulin for this study used 

chemiluminescent immunometric assay which is current standard practice.  In general 

this technique has cross-reactivity with pro-insulin and c-peptide of less than one per 

cent.  The technique for insulin analysis in the paper by Guthrie et al (128) is not stated.  

There may be other reasons for the slightly different insulin findings, but without 

demographic and anthropometric data, the two populations cannot be easily compared. 

Our new definition of a normal level for fasting insulin measurements in children 

have been adopted by the biochemistry department at Princess Margaret Hospital for 

Children, Perth, Western Australia.  The laboratory now reports an upper limit of normal 

fasting insulin of 12.0mU/L for children.  This point was selected after review of the data 

to include 95% of normal values.  (If outliers are excluded, this value includes >98% of 

values). The 97.5th centile was not chosen as the data is skewed. 

The value of 12.0mU/L at the upper limit for normal fasting insulin in children is 

lower than those commonly used.  Csabi et al.(30) report high fasting insulin 

>18.7mU/L, Conwell et al. use >21.0 mU/L (as for adults), Galli-Tsinopoulou et al.(136) 

use >24.0 mU/L (all in overweigh/obese children).  Booth et al. (134) have used a cut 

point of 14.4mU/L to report that approximately 16% of year 10 students across a range 

of BMIs (including normal) had high insulin levels.  Despite our use of the lower cut-off 

of 12.0mU/L, we did not report unduly high levels of hyperinsulinism in Group 2 or 3.  In 

fact, the incidence of hyperinsulinism in Group 3 is considerably lower than that 

reported in other studies (see table 14).  Again, demographic (and particularly racial 

and ethnic) differences in sample populations may account for these differences as it is 

recognised that differences in insulin metabolism exist in different racial groups(86, 87). 

Normal data from children from different backgrounds is needed to validate this new 

normal limit, or to define different limits in different populations. 
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It must be noted that fasting insulin for adolescents would vary according to 

pubertal status, as it is understood that insulin sensitivity decreases during 

puberty(132).  This group must therefore be considered separately to children and their 

results interpreted individually.   

The insulin levels taken at 60 and 120 minutes during the OGTT vary 

considerably, with a large range even amongst normal weight individuals.  A cut-off 

value for a normal result is much harder to define, both due to the nature of the OGTT 

test and the changes in insulin levels over the course of progression through insulin 

resistance to T2DM.  A greater number of subjects would be needed to give a more 

precise value, as the current data does not approach a normal distribution and the 

range is considerable.  As a rough guide, it seems that levels over 80mU/L at either 60 

or 120 minutes should warrant concern if it is appropriate in the clinical context.   

For research purposes, it would seem that fasting insulin alone is sufficient to 

measure the prevalence of hyperinsulinism.  However, in order to study insulin 

sensitivity for research purposes, either a different method such as a clamp test is 

needed, or an index such as HOMA or QUICKI could be used. 

 

 

4.2. Discussion of Analysis with Body Mass Index z- Score as a Continuous 

Variable  

  
Analysis of the data against child BMI z-score as a continuous variable is a 

novel way of interpreting data which allows the exploration of linear relationships or 

threshold effects.  There are implications for public health and health education; a 

threshold effect would suggest targeting the children at the upper end of the BMI 

spectrum, whereas a continuous effect would suggest a population-based approach for 

all children to decrease the future disease burden.    

Using this analytical approach, the risk of co-morbidity can be shown to increase 

continuously across the whole spectrum of childhood BMI z-scores.  Even in the 

‘normal’ range of BMI this progression of risk is evident.  Child’s BMI z-score is 

independently and either linearly or curvilinearly related to many medical complications, 

and most co-morbidities are not defined by a simple threshold effect.  

No published studies have reported continuous relationships between parent 

BMI and child BMI z-scores.  This study has found an adjusted continuous linear 
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relationship between both paternal and maternal BMI and child BMI z-scores.  None of 

socioeconomic status, parents’ ages, birth data (gestation and birth weight), or family 

structure remained significant in the model.  As it is accepted that the rapid recent 

world-wide increases in child BMI are due to lifestyle rather than genetic factors(11) this 

finding suggests that improvements in child BMI z-score should be attempted in the 

setting of family interventions. 

Symptoms, examination findings and investigation results have been analysed, 

and almost all change in a continuous manner with child BMI z-score. Independent risk 

factors for morbidity and mortality in adult life from cardiovascular disease and 

metabolic syndrome each show this pattern (discussed further below).  

 

4.2.1. Cardiovascular complications and Body Mass Index z-score 

The continuous cardiovascular effects of increasing BMI z-score are seen with 

systolic blood pressure, diastolic blood pressure, lipid profile and homocysteine.   

The linear relationship that we have found between increasing BMI and blood 

pressure is comparable to the relationship reported by Sorof et al.(39, 69) where seven 

centile groups were used.   Higher, earlier effects on SBP were found, and reported as 

a “preponderance of isolated systolic hypertension in early obesity”(39).  Rosner et al. 

used adjusted linear regression analysis to find a continuous linear relationship 

between pathological levels of diastolic blood pressure and BMI(85).  Our study has 

found both systolic and diastolic blood pressure to be linearly related to child BMI z-

score, with the gradient (magnitude of effect of BMI z-score on blood pressure) for SBP 

higher than for DBP.  It is important to note that the DBP measurements rarely reach a 

pathological level (z-score >=2.00), even amongst obese children.  The SBP z-scores, 

however, often reach a pathological level, with the regression line approaching an SBP 

z-score of >=2.00 as BMI z-score increases, but there still remain some individuals who 

maintain normal SBP even in the presence of obesity. 

High total cholesterol, low HDL, high LDL, high TG and hypertension are 

recognised risk factors for cardiovascular disease in adults. In children’s lipid profiles, 

HDL and TG are more strongly related to BMI than total cholesterol or LDL(11, 33, 60) 

and we have found a continuous curvilinear relationship with increasing BMI z-score for 

these measures.  The shape of the relationship between BMI z-score and both HDL 

and TG suggests that changes in BMI z-score at the high end of the spectrum (z >= 

2.00) may have a greater impact on unfavourable lipid profiles (that is, small increases 
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in BMI z-score at this level are associated with larger deviations of HDL and TG).  LDL 

was not found to have a significant relationship with child BMI z-score.  The shape of 

the curve with cholesterol and child BMI z-score is statistically significant but visually 

less convincing.  The scatter graph (figure 19) suggests that some individuals may 

maintain low/normal total cholesterol levels even in the presence of a BMI z-score of 

>=2.00.  As very few of the children studied were underweight (BMI z-score <=-2.00), 

little comment could be made about this end of the spectrum.  (Underweight was not an 

exclusion criteria). 

Non-linear relationships between lipid profiles and BMI centile groups were 

suggested by results from the Bogalusa Heart Study published by Freedman et al.(33), 

where seven BMI centile categories were used to  approximate a continuous 

analysis(11, 33, 84).  This method found minimal change in lipid, insulin and blood 

pressure levels amongst children and adolescents with BMIs below the 85th centile, but 

greater increases in the prevalence of these co-morbidities at BMIs above the 85th 

centile.  Resnicow et al(38) found a statistically significant non-linear association 

between total cholesterol and the Rohrer Index (kg/m3), with an exponential increase in 

mean cholesterol values above the 50th centile.  

Elevated homocysteine levels are associated with atherosclerosis and 

cardiovascular disease in adults and children(172-176).  Increasing homocysteine 

levels (unadjusted) have also been found to correlate with increasing child BMI 

amongst those above the 85th centile for BMI(177). We found an adjusted linear 

relationship between homocysteine and increasing BMI z-score across the spectrum of 

child BMI.  The author knows of no other published studies of this kind of analysis of 

homocysteine with BMI z-score. 

 

4.2.2. Metabolic Complications and Body Mass Index z-Score 

Components of the metabolic syndrome (acanthosis nigricans, increased insulin 

level, increased blood glucose level, raised ALT) are similarly influenced by changes in 

BMI z-score. As a marker for hyperinsulinism, the presence of acanthosis nigricans 

increased with BMI z-score, and this finding is reinforced by the increases in the 

logarithm of insulin at all three time points of the OGTT with analysis using BMI z-score 

as a continuous variable (after adjustment for family history and AN).  

Insulin at all three time points was related to increases in BMI z-score in a 

continuous manner.  For fasting insulin, a clear linear relationship was evident, 
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however, a subset of children, maintained normal fasting insulin despite increasing BMI 

z-scores.  Longitudinal and genetic studies are needed to assess if this lack of insulin 

resistance (and increased T2DM risk) is maintained lifelong in select groups of 

individuals, as these children may have genetic profiles which protect against the 

development of insulin resistance.  There were no relationships found between BMI z-

score and plasma glucose level at any of the three time points in the OGTT, which 

could be expected in a group of children without T2DM and with low rates of IGT and 

IFG. 

The pattern of interaction of BMI z-score with ALT suggests that a degree of 

threshold effect may be superimposed on a linear relationship at a BMI z-score >2.00.  

At this point, some individuals show a further increase in ALT levels.  Again, longitudinal 

studies would be needed to follow this group into adulthood to monitor the development 

of further liver complications.  Further investigation into the nature of any liver damage 

to these children is hindered by the need for either CT scan (with accompanying 

radiation exposure), or biopsy, as ultrasound views are hampered by layers of adipose 

tissue in the abdominal wall. 
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5. The Exercise Intervention Study  

 

 The Exercise Intervention Study is an uncontrolled clinical trial designed to 

investigate the changes in insulin resistance in overweight/obese children after an eight 

week structured exercise program. 

5.1. Aims  
 

1. To determine if a structured eight-week exercise program significantly changes 

insulin resistance in obese children. 

2. To determine if changes in insulin resistance are associated with changes in 

body composition and inflammatory markers. 

 

5.2. Hypotheses  

 

1. A structured eight-week exercise program will significantly decrease insulin 

resistance and improve glucose metabolism in obese children. 

2. This decrease in insulin resistance is associated with a reduction in total body 

and abdominal fat mass and an increase in total body muscle mass. 

3. This decrease in insulin resistance is associated with a reduction in circulating 

inflammatory markers which may be involved in insulin receptor blockade. 

 

5.3. Ethics  

The exercise intervention study has approval from both the Princess Margaret 

Hospital Scientific Advisory Committee and the Princess Margaret Hospital Ethics 

Committee, approval number 936 EP. 

A doctor and nurse were both present throughout the clamp testing.  Plasma 

glucose levels were taken regularly to guard against hypoglycaemia.  A written protocol 

already in use for other clamp studies used by the department was used to ensure 

safety.  Plasma glucose levels were taken via the inserted IV cannula so there was no 

repeated exposure to needles and discomfort.  

This research involves children under 18 years of age.  Participants were 

included only after written consent from their parent or guardian, but were asked to sign 

their own age-appropriate consent form after verbal explanation by the investigator.   
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 Study data was entered electronically into a computer in the Department of 

Endocrinology in the Administration Block of Princess Margaret Hospital and is kept 

under secure conditions to ensure confidentiality. This area is accessible by encoded 

swipe card only.  The electronic data is protected by passwords known only to the 

research team.  Data is backed up on a secure network drive nightly to reduce risk of 

loss or corruption.  Data which remains in hard copy is locked in a secure filing cabinet 

in the same swipe-card only access room.  Published results do not identify individuals.   
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5.4. Methods  

 

5.4.1. Study Population 

 

Sedentary obese children and adolescents were recruited for this study.  All 

children were between the ages of nine and 16 years, attending the Obesity Clinic or 

General Medical Clinics at Princess Margaret Hospital for Children or private 

endocrinologists in Perth, Western Australia for management of obesity.  Children were 

identified as obese based on the internationally derived age- and sex- appropriate 

assessment of their BMI proposed by Cole et al.(1) (ie were obese), and standardised 

Oral Glucose Tolerance Tests prior to commencement of the study to determine 

eligibility.   

Inclusion criteria for all subjects: 

• Male or female subjects aged between six and 13 years attending any 

qualified paediatrician in Western Australia for treatment of 

overweight/obesity 

• Body Mass Index above age-specific and sex-specific cut-off points as 

proposed by the new international standard definitions (Cole et al(1)) for 

obesity. 

• Normal plasma glucose level but hyperinsulinism (fasting insulin 

>12mU/L) during OGTT 

Exclusion criteria for all subjects:   

• Obesity secondary to a known medical condition (e.g. Prader Willi 

Syndrome, hypothyroidism) 

• Weight affected by medication (e.g. stimulants) 

• T2DM risk affected by medication 

• Diagnosed T2DM 

5.4.2. Exercise 
  

Children had eight weeks of group exercise training involving three one-hour 

sessions per week, for a total of 24 sessions.  All sessions were fully supervised by a 

trained exercise physiologist.  The sessions were circuit-based, involving mixed aerobic 
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and resistance (modified for age) stations.  As the subjects’ abilities and fitness 

improved over the eight weeks, the exercise sessions were increased in intensity by the 

exercise physiologist as appropriate. 

Before and after the eight week exercise training period, a submaximal exercise 

test was performed in each subject.  This test involved three consecutive four-minute 

incremental epochs of exercise on a braked bicycle ergometer (Monark, Sweden) with 

subjects continuously cycling at 50-60 revolutions per minute (rpm).  Heart rate was 

continuously measured by telemetric method (Polar Electro, Finland) and reported in 

beats per minute (bpm).  For these fitness tests, identical exercise intensities were used 

before and after the eight week exercise training period in each subject and changes in 

fitness were assessed by comparing heart rate responses at these matched workloads.   

Throughout the study period, the children were asked to maintain a healthy diet, 

but no standard dietary modifications were made in an attempt to gauge the effect of 

added exercise alone to the child’s lifestyle. 
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5.4.3. Medical Assessment 

 

5.4.3.1. Anthropometry and Physical Examination 
All children were assessed by the same paediatric registrar (LB) before and 

after the exercise period.  Medical and family history, physical examination, 

anthropometric measurements and Tanner staging were performed.  Weight in light 

clothing without shoes was measured in kilograms to two decimal places using a digital 

balance scale and height was measured with a wall-mounted stadiometer to the nearest 

millimeter.  BMI was calculated as weight/height2 and expressed as kg/m2.  Waist and 

hip circumferences were taken using a standard tape measure to the nearest 0.5cm.  

Waist circumference was measured at the smallest abdominal circumference, and hip 

circumference was measured at the widest hip/buttock circumference.  Blood pressure 

was measured in the seated position with a Critikon Dinamap 8262-H4139 and an 

appropriate size cuff.  All anthropometric parameters were obtained by taking the 

average of three sequential measurements. 

Body composition was measured by whole-body Dual Energy X-ray 

Absorbtiometry (DEXA), using the Norland XR36 Quickscan DEXA scanner.  Total lean 

mass, total fat mass and percentage body fat was obtained for each subject, as well as 

lean and fat mass by body compartment.  Five body compartments were used (head, 

trunk, abdomen, upper limbs and lower limbs) as defined by bony landmarks.   

 

5.4.3.2. Clamp Tests and Blood Tests 

The gold standard for the measurement of insulin resistance is the euglycaemic-

hyperinsulinaemic clamp technique, which has been validated for use in children(57, 

80, 89, 99, 106, 118, 132, 135, 139, 140).  Each child had two clamp tests performed- 

one before and one after the exercise training period to assess insulin resistance. All 

clamp tests were performed within 10 days of the exercise training period, but not less 

than 48 hours after completion of the last session.   

Each subject was admitted to the research department at 0800 hours after an 

overnight fast, and had two 18 gauge intravenous cannulae inserted.   One cannula 

was inserted into the dorsum of the hand for sampling plasma glucose, and one into the 

contralateral cubital fossa for infusion of both a standard 60mU/m2/min of insulin, and 

variable rate infusion of 20% dextrose.  At baseline, blood was obtained for fasting 
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insulin and glucose samples, fasting lipid profile, liver function tests and adipocytokines 

(TNF-α, IL-6 and adiponectin).  The insulin infusion was commenced at Time 0.  A 

sample of the child’s blood was taken from the sampling line at five minute intervals and 

analysed immediately using a YSI 2300 Stat Plus, Glucose and Lactate Analyser to 

determine plasma glucose levels.  The 20% dextrose infusion was titrated accordingly 

to keep the subject’s plasma glucose level at 5.0mmol/L.  The data collection sheet for 

the clamp test is shown in Appendix 1. 

All calculations were performed on the results from Time 120 mins to Time 180 

mins of the clamp, when a steady state had been achieved.  “M(lbm)” was calculated as 

the measure of insulin sensitivity, defined as the milligrams of glucose needed per 

kilogram of lean body mass per minute to keep plasma glucose at 5.0mmol/L.   

Therefore, a low value for M(lbm) represents a high insulin resistance and an 

improvement in insulin resistance would be represented by an increase in M(lbm).   Lean 

body mass used to calculate M(lbm) was taken from the DEXA measurement of total lean 

body mass at the corresponding time point. 

 

5.4.4. Analyses 

 

5.4.4.1. Biochemical Analysis 

Plasma glucose was measured using the colorimetric method (VITROS GLU, 

Ortho-Clinical diagnostics NY).  Plasma insulin was determined by chemiluminescent 

immunometric assay (IMMUNLITE 2000 Diamond Diagnostics MA).  Cholesterol, HDL, 

TG and liver function tests were all were measured by colorimetric method (VITROS 

CHOL and VITROS 250, Ortho-Clinical diagnostics NY).  Adiponectin (ACRP-30) was 

determined using radioimmunoassay (Human Adiponectin Kit, Linco Research, MO). 

TNFα and IL-6 were analysed using enzyme-linked immunoassay.  Assays were all 

performed  at Princess Margaret Hospital’s biochemistry laboratory by a trained 

biochemist who is a member of the Department of Endocrinology’s research team.   

The coefficients of variation (expressed as standard deviation / mean *100) for 

our assay results are listed as follows: glucose 6.6%, insulin 67.4%, total cholesterol 

23.5%, HDL 32.6%, LDL 31.9%, TG 36.5%, ALT 61.6%, TNFα 51.1%, IL-6 35.0%, 

Adiponectin 72.7%. 

 

5.4.4.2. Statistical Analysis 
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All data are shown as mean ± sd, or as percentages.  Analysis was performed 

with the SPSS statistical package (SPSS, Chicago). The Wilcoxon signed ranks test 

was used to test the null hypothesis that there was no difference between the pre- and 

post- exercise data, due to the small number of subjects.  Correlations were tested 

using Pearson’s correlation. 

Initially, DEXA results were reported by the independent, blinded investigator as 

grams of lean mass and grams of fat mass for each subject.  However, for comparisons 

to be made between subjects, DEXA results were later converted to percentages of 

each individual’s total body weight.  This allows meaningful comparisons of body 

composition changes between individuals of different age, sex and body shape. 

The study was powered to detect changes in insulin sensitivity as the primary 

outcome measure using clamp testing.  For a paired study design, it is estimated that to 

detect a 25% difference in insulin sensitivity with clamp tests, between 7 to 11 subjects 

would be needed.  (To account for potential drop-out, we studied 14 children).  This 

estimation is taken from the work by Sunehag et al(178), in a paper assessing the 

reproducibility of metabolic glucose and insulin studies in children.  It has been 

calculated using a power of 80% and a type I error of 5%.   



 102 

6. Results of the Exercise Intervention Study  

 

6.1. General Outline of Results 

Nineteen subjects were recruited into the study, nine males and ten females. 

The mean age of subjects was 12.36 +/- 0.50 years.  All subjects were obese, with 

mean BMI 32.04 kg/m2 +/- 1.22 and a mean BMI z-score of 2.23 +/- 0.281.  There was 

no difference between males and females in age, BMI or BMI z-score. Seventeen of the 

19 subjects completed the eight week exercise program.  Two subjects who did not 

complete the exercise dropped out due to family discord, but did have an initial clamp 

study.  Of the 17 subjects who completed the study, attendance was over 87%, and 

nine subjects attended over 90% of sessions.   

Paired clamps (i.e. before and after the eight week exercise training period) 

were completed in 14 subjects. Five subjects each completed one clamp only, of which, 

two dropped out due to family discord, and three due to difficulties with intravenous 

catheter placement. 

 

6.2. Anthropometric, Dual Energy X-Ray Absorbtiometry and Fitness Results 

Some anthropometric measures differed between the two time periods.  Height 

increased significantly, and weight increased non-significantly during the eight weeks. 

BMI decreased by 0.72 kg/m2 and BMI z-score decreased significantly (p=0.013). Waist 

and hip circumference, and systolic and diastolic blood pressure all decreased but the 

differences were not statistically significant (see table 16).  

Submaximal exercise heart rate responses were significantly lower following the 

exercise period (p < 0.05), indicating a significant improvement in cardiorespiratory 

fitness.  Differences were evident at the highest workload (Work load 3: heart rate 

165.27 ± 12.65 to 154.61 ± 8.98 beats per minute, p < 0.01).  This improvement did not 

correlate with any changes in body composition. 

As stated previously, Dual Energy X-Ray Absorbtiometry (DEXA) scan results 

were converted to percentages of each individual’s total body weight to allow 

comparisons to be made.  Analysis by body compartment showed no significant 

differences between mean pre- and post-exercise body composition values (table 16) in 

either fat or lean mass.  However, statistically non-significant changes were towards a 

decrease in lean mass and increase in fat mass in the arms, and towards a decrease in 

fat mass and increase in lean mass both in the legs and abdomen. 



 

 

Table 16  Anthropometry, blood pressure, Dual Energ y X-Ray Absorbtiometry and insulin resistance resul ts for the Exercise Study. 

 

n=17(9M:8F) 
Pre-exercise 

Mean and std dev  
Pre-exercise 

Median and Range 
Post-exercise 

Mean and std dev  
Post-exercise  

Median and Range P value  

Height (m) 1.58 +/- 0.11 1.59 (1.40 -1.77) 1.59 +/- 0.11 1.58 (1.41 -1.78) <0.001* 

Weight (kg) 78.39 +/- 17.9 80.62 (48.80 -113.30) 80.27 +/- 18.6 81.70 (50.40 - 113.60) 0.418 

BMI (kg/m2) 32.05 +/- 5.31 31.58 (24.9 - 41.04) 31.33 +/- 3.87 30.95 (25.35 – 39.01) 0.077 

BMI z-score 2.23 +/-  0.28 2.23 (1.73 - 2.93) 2.22 +/- 0.29 2.16 (1.71 – 2.86) 0.013* 

Waist (cm) 95.22 +/- 12.19 98.50 (67.00 - 122.00) 94.32 +/- 12.34 96.25 (69.00 – 120.00) 0.088 

Hips (cm) 105.40 +/- 12.66 106.85 (73.00 - 127.00) 105.05 +/- 13.92 108.50 (73.00 – 123.00) 0.316 

BP systolic (mmHg) 100.95 +/- 29.86 117.50 (64.00 - 157.00) 99.69 +/- 31.05 114.50 (60.00 - 144.00) 0.399 

BP diastolic (mmHg) 91.84 +/- 26.83 82.00 (52.0 - 126.00) 86.00 +/- 28.54 66.00 (53.0 - 125.00) 0.475 

Heart Rate (bpm) 165.27 ± 12.65 163.5 (148.5 – 185.5) 154.61 ± 8.98 154.0 (142.0 – 166.5) 0.011* 

Total fat mass (%) 47.11 ± 5.25 48.00 (38.00 – 55.00) 46.60 ± 5.64 46.00 (37.00 – 57.00) 0.611 

Trunk lean mass (%) 22.29 ± 3.20 21.63 (18.84 – 27.77) 22.61 ± 3.24 22.73 (17.40 – 27.89) 0.434 

Trunk fat mass (%) 22.52 ± 1.77 22.87 (18.8 – 25.53) 22.49 ± 2.58 23.00 (18.21 – 28.67) 0.941 

Abdo lean mass (%) 8.93 ± 1.41 8.65 (7.23 – 11.71) 9.13 ± 1.50 9.20 (6.38 – 11.87) 0.372 
Abdo fat mass (%) 9.98 ± 0.93 10.09 (7.96 – 11.6) 9.64 ± 1.27 8.62 (7.92 – 11.7) 0.253 
Arms lean mass (%) 6.20 ± 1.08 6.06 (4.91 – 8.58) 6.06 ± 1.32 6.44 (4.32 – 8.59) 0.361 

Arms fat mass (%) 8.51 ± 2.30 8.41 (5.72 – 13.94) 8.98 ± 3.01 8.18 (6.16 – 18.17) 0.584 

Legs lean mass (%) 18.53 ± 1.68 18.68 (15.88 – 21.42) 18.60 ± 2.02 18.60(14.88 – 21.41) 0.790 

Legs fat mass (%) 16.44 ± 2.61 16.49 (12.52 – 19.25) 16.18 ± 2.77 16.34 (11.51 – 21.55) 0.421 

M(lbm)  (mg/kg/min)  8.20 ± 3.44 7.50 (3.65 - 13.4) 10.03 ± 4.33 8.95 (4.09 – 17.42) 0.019* 
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6.3. Insulin Resistance (M(lbm)) Results 

Pre-exercise M(lbm) values (measuring insulin resistance) ranged between 3.28 and 

13.40 mg/kg, with a mean of 8.20 ± 3.44 mg/kg (table 16).  There was no statistically 

significant correlation between pre-exercise insulin resistance and sex, age or heart rate 

during fitness test, however the correlation of pre-exercise insulin resistance with BMI was 

statistically significant (correlation coefficient  -0.454, p=0.05). There was no statistically 

significant correlation of pre-exercise insulin resistance with any compartment of body 

composition.    

Post-exercise M (lbm) values ranged between 4.09 and 17.42 mg/kg, with a mean of 

10.03 ± 4.33 mg/kg (table 16). There was no statistically significant correlation of post-

exercise insulin resistance with heart rate during fitness test, or with any compartment of 

body composition. 

The M(lbm) values pre- and post-exercise were significantly different, with M(lbm)  

post-exercise significantly higher than pre-exercise, representing an improvement in 

insulin resistance (p=0.019, see table 16 and figure 23).  Only two of the 14 children with 

completed paired clamps had a deterioration of insulin resistance (decrease in M(lbm)).  The 

greatest improvement in M(lbm)  was an increase of 7.86 mg/kg, and the greatest 

deterioration was 3.36 mg/kg (figure 22). Also, the degree of change in insulin resistance 

with exercise was not significantly related to the initial insulin resistance.  That is, those 

with relatively high M(lbm)  pre-exercise did not always improve most (figure 23).   

There were no significant correlations of the change in insulin resistance with any 

of sex, age, improvement in fitness, the number of sessions attended, change in weight or 

change in BMI or BMI z-score.  There was also no correlation between change in insulin 

resistance and change in any parameter of body composition.  

Of the two children whose insulin resistance deteriorated, no specific reason could 

be identified.  As puberty (in both sexes) and menstrual cycles in girls are known to alter 

insulin sensitivity(132), serum was set aside from these subjects to check hormone levels.  

One subject was a boy whose testosterone levels pre-and post-exercise were pre-

pubertal, and the other a 14 year old girl with PCOS whose hormone levels were stable.   
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Insulin Resistance for each subject Pre- and Post- 
Exercise
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Subject 4 13.40 10.04

Subject 5 11.91 15.34

Subject 6 3.65 4.92

Subject 7 3.68 4.09

Subject 8 7.27 7.52

Subject 9 9.85 9.17

Subject 10 4.82 5.07

Subject 11 7.34 8.73

Subject 12 12.98 15.29

Subject 13 10.43 17.42

Subject 14 5.30 6.91

Pre-exercise M (lbm) Post-exercise M (lbm)

 
Figure 22 Graph and table of insulin resistance res ults for each subject pre- and post- the 

eight week exercise training program.   
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Figure 23  Bar graph of the means of the insulin re sistance for the Exercise Study cohort 

pre- and post- the eight-week exercise training per iod (p<0.05).  Whiskers indicate standard 

deviation. 
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Figure 24  Scatter graph of the improvement in insu lin resistance against the original pre-

exercise training insulin resistance. 
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6.4. Other Blood Investigation Results 

 

Results of all other blood tests are shown in table 17.  There were no significant 

differences between any of the adipocytokines (TNF-α, IL-6, and adiponectin) pre- and 

post-exercise.  There were no significant correlations between any change in an 

adipocytokine and either change in M(lbm), or change in body composition. 

However, the changes in TNF-α and IL-6 correlated strongly (p<0.001, Pearson 

correlation 0.939). 

No other blood tests showed any significant changes after the 8 week exercise 

training program, including fasting glucose and insulin, lipid profiles, liver function tests and 

homocysteine.  Changes in fasting insulin did not correlate significantly with changes in 

M(lbm). 
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 Pre-exercise Post-exercise P value 

Fasting PGL (mmol/L) 4.40± 1.15 4.65± 0.23 0.405 

Fasting Insulin (mU/L) 24.29± 16.41 18.62± 12.05 0.350 

Total Cholesterol (mmol/L) 3.98± 1.72 4.13± 0.63 0.488 

HDL (mmol/L) 1.09± 0.31 1.09± 0.31 1.000 

LDL (mmol/L) 2.27± 0.80 2.38 ± 0.68 0.571 

TG (mmol/L) 1.33± 0.54 1.41± 0.46 0.370 

ALT (mU/L) 29.67 ± 20.17 26.27± 13.60 0.569 

TNF-α (pg/L) 1.67± 1.26 1.51± 0.24 0.618 

IL-6  2.66± 2.27 1.88± 0.94 0.231 

Adiponectin 7.60± 2.60 7.77± 2.54 0.288 

 

Table 17 Plasma glucose levels, insulin results, li pid profiles and adipocytokine results for 

pre- and post-exercise training time points.   
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7. Discussion of the Exercise Intervention study  

 

The Exercise Intervention Study has found that an eight week exercise program 

significantly decreases insulin resistance in obese children in the absence of changes in 

body composition or adipocytokine levels.   

 

7.1. Validity, Strengths and Weaknesses  

 

The M(lbm) values for insulin resistance calculated in this study are comparable to 

those measured in children by other researchers.  Schmitz et al(106) measured M(lbm) in 

over three hundred non-diabetic non-obese children (10-16 years) by euglycaemmic 

hyperinsulinaemic clamp test.  They report values of between mean M(lbm) 11.80 ± 4.02 

mg/kg/min to 14.26 ± 4.33 mg/kg/min (for low and high levels of reported physical activity 

respectively). Nguyen et al(179) performed euglycaemic hyperinsulinaemic clamps on 135 

overweight children aged six to 10 years and found M values of 10.0 ± 0.70 mg/kg/min for 

those with acanthosis nigricans and 13.3 ± 0.60 mg/kg/min for those without acanthosis 

nigricans. (This ‘M’ value is reported per kg of total body mass, rather than lean body 

mass).  Moran et al(132) and Sinaiko et al(135) report the results of clamps performed in 

357 children of normal weight aged 10 – 14 years.  They report M(lbm)  values of 11.9 ± 0.3 

mg/kg/min for girls and 13.1 ± 0.3 mg/kg/min for boys. 

The involvement of a trained exercise physiologist with specialist experience in 

paediatric exercise was a strength of the study.  Two exercise sessions were run one hour 

apart to assist with potential problems with attendance, and no more than nine subjects 

were present at any time.  This maximised attendance and allowed for a high level of 

personal attention for each subject.  Incentives were offered during each session to 

maintain interest and compliance (such as choosing music, leading the group in activities) 

and award certificates were given to the children upon completion of the exercise training 

program.  Attendance was very strong (87%).   

There are no other published results of clamp studies for the investigation of 

insulin resistance in children before and after an exercise training program.  Clamp tests 

(although expensive, time consuming and invasive) are the most accurate method of 

quantifying insulin resistance.  Fasting insulin levels were not significantly different pre- 

and post-exercise and relying on these alone would have missed the significant 

improvements found using clamp tests.  This point has also been made by Schmitz et 

al(106), who assessed the correlation between self-reported physical activity and both 

M(lbm) and fasting insulin in a cross-sectional study.  They found that “using fasting insulin 
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as a measure of insulin sensitivity underestimates the magnitude of the potential for 

physical activity to improve insulin sensitivity”(106). 

The use of DEXA scans to define body compartments allowed the analysis of 

lean mass and fat mass changes by regions.  This method is superior to the use of total 

body fat measurement methods (eg electrical impedance), or anthropometric measures 

(eg BMI, waist/hip ratios and circumferences or skin folds) which either do not differentiate 

between fat and muscle mass or do not differentiate the type of mass by anatomical 

location.  Although DEXA is useful for differentiating between muscle and fat, it must be 

noted that this method can not differentiate between visceral and subcutaneous fat in the 

abdominal region. 

This study involved children of both sexes and included an age range across 

which puberty influences insulin resistance.  Ideally, separate analysis of males and 

females using tighter age ranges would be used.  To attempt to reduce this potential 

source of error, pubertal status was assessed by physical examination of Tanner stage at 

the commencement and conclusion of the study and hormone levels were checked if there 

was any question of a change over the eight week exercise period.  Pubertal status was 

deemed to have remained static for all subjects.  Any error from this source would have 

served to decrease the effect (of exercise to decrease insulin resistance), as progression 

through puberty is known to increase insulin resistance until puberty is complete, at which 

point, insulin resistance decreases again(132). 

Ideally, this study would have been controlled by using a group of non-exercising 

obese children.  However, it would be difficult to recruit obese children for invasive clamp 

studies without offering the benefits of a free exercise training program, and perhaps 

somewhat unethical.  Alternatively, a control arm could be achieved by extending the study 

to 16 weeks and adding an eight week rest period before the eight week exercise training 

period.  A 16 week study design would necessitate three clamp tests (one at 

commencement of the study, one at eight weeks, and one at 16 weeks).  This option was 

considered, but the high resource requirement, plus the potential drop-out rate for children 

who would be subjected to two invasive clamp tests before receiving the benefit of the 

exercise program was deemed prohibitive.  Another method of introducing a control period 

is to use a cross-over design with an eight week exercise training period and an eight 

week non-exercise period for all subjects.  (Half the subjects would exercise during the first 

eight weeks, then have an eight week rest period, and the other half resting first, followed 

by exercise for the second eight weeks).  This would also necessitate three clamp tests 

and could also introduce potential error due to timing of the exercise.  Also, those children 

whose exercise period was first would probably maintain the benefits of their exercise 
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throughout their follow-up eight week rest period; therefore a true control state would not 

be achieved.   

 

7.2. Fitness, “Fatness” and Insulin Resistance  

 

The question of “fitness vs fatness” is a topic of current debate.  Controversy 

exists as to whether a lack of fitness or obesity is the most important predictor of mortality 

and morbidity (including insulin resistance and T2DM). The two are difficult to tease apart.  

A passionate source often quoted on this topic on the side of “fitness” is Dr Steven Blair 

from the Cooper Institute, Texas, USA.  His data from a study of adult men suggests that 

obese individuals who are fit have a much lower risk of mortality compared with lean 

individuals who are unfit(180).  Data from adult women shows similar results(181).  There 

are no longitudinal studies to show whether this presumed relative importance of fitness 

over fatness holds true for children.  However, a  recent study in overweight male middle-

school children suggests that fitness is a stronger predictor of fasting insulin levels than 

fatness(182). In a recent discussion on the topic, Esposito et al. acknowledge that “from 

the standpoint of preventive medicine, the debate …. seems largely academic”, since 

regular physical activity is the treatment for both obesity and poor cardiovascular fitness 

(183).  Whilst this is true at the level of population health, for individuals with specific risk 

factors, it is important for the treating physician to understand whether exercise or weight 

loss should be the patient’s main aim.  Furthermore, it is becoming clear that excess body 

fat may be responsible for the development of some co-morbidities, whilst a lack of fitness 

may be important in others. 

 

7.2.1. “Fatness” and Insulin Resistance 

The improvement in insulin resistance found in this study was in the absence of 

significant decreases in body fat or increases in muscle, either in total or by body 

compartment.  Although only a small number of subjects was needed to show a 

statistically significant improvement in insulin resistance (14 children completed paired 

clamp studies with a power of greater than 80%), the power of the study was insufficient to 

show changes in body composition as measured by DEXA scan.  Retrospectively, 

applying the power calculation to the DEXA results for this small sample size show a 

power of around 10% for assessing changes in body composition.  Despite the fact that 

statistical significance was not reached, the general trend was for subjects to lose fat mass 

and gain lean body mass both overall and in body compartments.  
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As mentioned above, DEXA scans can not differentiate between visceral and 

subcutaneous fat in the abdomen. It is possible that, in our study, the improvements in 

insulin sensitivity were associated with shifts between visceral and subcutaneous fat which 

could not be distinguished.  To distinguish types of fat in this area requires either CT scan 

or MRI scan.  Difficulties in obtaining scanning time and technicians for MRI machines, 

and the radiation dose which accompanies CT scanning (an important consideration for 

children) can be prohibitive to their use in routine study. 

Studies which analyse the effects of exercise on body fat and insulin resistance 

have shown mixed results.  Some show stable body composition after an exercise 

program(184, 185), whilst others report decreases in fat mass and increases in lean body 

mass(186, 187).  These changes may also depend on the type of exercise 

undertaken(188, 189) (i.e. resistance/weight training versus aerobic/cardiovascular 

exercise) and the length of the exercise intervention period.  The subjects in this study 

performed circuit training, involving both types of exercise in combination and therefore the 

effects of separate types of exercise can not be distinguished.  One hypothesis is of a 

greater benefit to insulin action through increasing muscle mass by resistance exercise, in 

order to increase glucose uptake.  Conversely, cardiovascular exercise uses more energy 

than resistance exercise and may result in greater loss of fat mass, thus decreasing insulin 

resistance. Treuth et al(185) subjected obese girls to a five month resistance exercise 

program.  Although there was an increase in overall body fat, visceral fat did not increase.  

Insulin, as measured by OGTT, improved non-significantly, but more sophisticated 

measures of insulin resistance were not used(185).  

There are no published studies which compare the effects of cardiovascular and 

resistance exercise on body composition and insulin resistance in children.  This is a 

potential area for future study as it would be beneficial to enable the prescription of a 

specific type of exercise for an individual’s medical needs.  For example, to know exactly 

which type of exercise would decrease the risk of developing T2DM. 
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7.2.2.  Fitness and Insulin Resistance 

The improvement in insulin resistance in our study was found together with 

improvement in cardiorespiratory fitness, but a significant correlation was not evident. That 

is, those individuals whose fitness improved the most were not necessarily those whose 

insulin action improved most.  Again, perhaps a larger cohort may have resolved this 

issue. 

Most previous studies which attempt to define the effect of fitness on insulin 

resistance are in the form of cross-sectional analyses, and assess the correlation of fitness 

and body fat with fasting insulin levels.  Many of these studies have found that physically 

active children have a generally healthier metabolic profile, and some studies suggest that 

aerobic fitness may indirectly influence insulin resistance through the association with 

lower body fat.   

In 1994, Gutin et al(190) performed a cross-sectional study of seven to 11 year 

old children (n=57) and used multiple regression analyses to differentiate the effects of 

physical fitness and body fat on fasting insulin levels.  They found that only fatness 

explained the variance.  However, in 2004, the same group published results from a cross-

sectional study of 14 -18 year olds, and again used multiple regression to test fitness and 

fatness against insulin levels(191).  This time, they found both high body fat and low 

cardiovascular fitness to be significantly and independently associated with high insulin 

levels.  The effects of high fatness and low fitness were also additive.  Furthermore, the 

differences in fasting insulin were sex-dependant, such that the deleterious effect of high 

fatness and low fitness was greater in boys than in girls, and that high fatness explained 

more of the insulin variance for girls. 

The cross-sectional approach to fitness versus fatness and the effects on insulin 

resistance gives little information on the potential causality of the association or on the 

potential reversibility of insulin resistant states when exercise is undertaken.  Mixed results 

have been shown in the few intervention studies which have attempted to determine if 

exercise programs achieve improvements in insulin resistance through changes in body 

composition or through improvements in fitness.  Gutin et al(192, 193) used aerobic 

exercise training programs for obese girls and suggested decreases in fasting insulin 

which did not reach statistical significance (clamp studies were not used) in the absence of 

changes in body fat.  However in a later study, the same group found decreases in fasting 

insulin together with decreases in body fat after an exercise training program(194).  Both 

studies used DEXA as the measure of body composition.  The study by Treuth et al(185) 

mentioned previously used only resistance exercise but found an improvement in OGTT 

parameters and static visceral fat levels despite increasing overall body fat.   
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In summary, mixed results from many studies mean the true relationship between 

fitness, fatness and insulin resistance remains unclear.  It is possible that this relationship 

shows a high degree of variation between individuals, accounting for the discrepancies in 

results. 

 

 

7.3. Adipocytokines and Insulin Resistance 

 

The improvements in insulin resistance in this study were found in the absence of 

significant changes in circulating adipocytokine concentrations. 

The results for adipocytokine concentrations obtained from the blood samples 

show a large standard deviation.  This was the first time the measurement of these 

cytokines had been undertaken by this laboratory.  Although laboratory standards and kit 

standards were used and deemed accurate according to the manufacturer’s information, 

the use of unfamiliar techniques is a possible source of error.  Other studies which 

measured adipocytokines have used the same method (enzyme-linked immunoassay), 

some with the same commercial kit used by our laboratory(57, 105, 121, 122, 126, 127, 

195).   

Studies which have explored the association between adipocytokines, exercise 

and insulin resistance have shown conflicting results.  Some studies in adults have found a 

significant correlation between fitness, insulin resistance and TNF-α(100, 101, 127), and 

some have not(57, 105, 195).  There is one cross-sectional study of this kind in children, 

which found no correlation between TNF-α and fasting insulin or fitness.  These studies 

vary as to the age, sex, glucose tolerance, family history of T2DM and pre-existing degree 

of insulin resistance of the subjects, which is more than sufficient to account for the 

divergent results.  As yet, the number of studies is insufficient to see a pattern emerging 

for any subgroup.   

More consistent is the emerging relationship between the TNF-α receptors and 

insulin resistance in adults.  Both cross-sectional studies and exercise intervention studies 

have shown a statistically significant correlation between decreases in the circulating 

levels of TNF-α receptor-2 and improvements in insulin resistance(100, 121, 122, 127).  

There are no studies which measure these circulating receptors in children, either in cross-

sectional analysis or exercise intervention training. 

Apart from a role for TNF-α receptors, there are other theories for the lack of 

consistent results for the adipocytokine/insulin resistance relationship.  It may be that 

locally secreted adipocytokines are more important at altering insulin receptor function 
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than total plasma circulating levels.  It is also possible that GLUT-4 receptors are being 

induced on the surface of muscle cells by exercise, thereby improving insulin resistance 

without interfering with the insulin receptor/adipocyte relationship.  Both of these 

hypotheses are difficult to study and would require more invasive procedures for the 

subjects.   

In summary, there are many issues to be resolved in this field, most involving the 

metabolic pathways involved in the relationships between fitness, fatness and insulin 

resistance.  However, this study has shown for the first time that insulin resistance can be 

improved with eight weeks of exercise training in obese children who are at risk of the 

development of T2DM. 
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8. Conclusion 
 

Childhood overweight/obesity has emerged as a serious global public health 

issue(2).  The increase in prevalence in Australia and world-wide over the last 15 years 

has been rapid(2-7, 41). Together with the propensity for this condition to persist into 

adulthood(8-10), this rapid rise has caused childhood overweight/obesity to be recognised 

as an important medical problem. It has become clear that the development of the medical 

complications of overweight/obesity pose a challenge to the management of the affected 

individual, and the potential disease burden of the population will pose a challenge to 

public health management and allocation of health resources.  

Information about the rates of complications associated with childhood obesity and 

the age at which they develop has so far been scarce(22, 23, 25, 30, 31, 33-36, 60, 72, 82, 

83, 160).  The data that is available suggests that rates of complications (and therefore 

future co-morbidity) are likely to differ amongst populations.  Therefore, an assessment of 

the prevalence of co-morbidities specific to our community, and the age at which they 

develop, is prudent.  There is also little information about the natural history of these 

complications; whether they result from a gradual increase in risk as body mass index 

increases, or whether there is a threshold of ‘fatness’ at which each complication is likely 

to arise.   

Management of childhood overweight/obesity and its complications is difficult and 

remains frustrating to patients, families and physicians.   Although healthy lifestyle 

changes in diet and exercise in many different forms are encouraged, there is little 

evidence for current practice, and no universally accepted approach to management(22, 

23, 141).  Furthermore, there is little data on whether all management options are equally 

effective for all individuals, or if there are sub-groups of patients (or types of co-morbidity) 

which will respond better to one strategy over another. 

This research has used two different, but related studies to evaluate the medical 

complications of childhood overweight/obesity in Western Australian children.  This thesis 

has added new information which will assist in the evaluation and management of 

childhood overweight/obesity.   

The first study is a cross-sectional study which quantifies the medical complications 

of childhood obesity in primary school-aged children in Western Australia.  Two groups of 

overweight/obese children were recruited: a random sample of community based children 

(who have never sought treatment for weight problems) and a clinical sample of children 

who were actively seeking treatment. Both groups were compared to a control group 

sample of community-recruited normal weight children.   
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For this cross-sectional study, of those overweight/obese children who were not 

seeking treatment for weight issues, 83% were overweight and 17% were obese.  In 

comparison, for clinic children who were seeking treatment for weight issues, 10% were 

overweight and 90% were obese. 

This is the first report of the prevalence and clustering of complications of 

overweight/obesity in a randomly selected sample of community-recruited 

overweight/obese primary school aged children in Western Australia.  This group of 

children (Group 2) had increased odds ratios of reporting symptoms of musculoskeletal 

pain, obstructive sleep apnoea, depression, anxiety, bullying, teasing and headache, 

compared to normal weight children.  These children also had increased systolic and 

diastolic blood pressure z-scores, increased prevalence of acanthosis nigricans, and 

increased prevalence of hormonal disturbance found on physical examination compared to 

normal weight children.  They had increased prevalence of each of hypertension, 

hyperinsulinism, impaired glucose tolerance, dyslipidaemia, elevated total cholesterol and 

elevated ALT, than normal weight children.  Three or more co-morbidities were found to 

cluster together in 49% of children in this group. The weight status of significant numbers 

of these overweight and obese primary school children was incorrectly interpreted by 

parents.  However, overweight/obese children in this group as young as six to 13 years 

have medical complications related to their overweight status.   

This is also the first report of the prevalence and clustering of complications of 

overweight/obesity in children attending a tertiary referral clinic for weight management in 

Western Australia.  These children (Group 3) were found to have higher reported rates of 

musculoskeletal pain, obstructive sleep apnoea, depression, anxiety, bullying and teasing 

and headache, compared to normal weight children and higher again than those reported 

by non-treatment seeking children.  These children had increased systolic and diastolic 

blood pressure z-scores, increased rates of acanthosis nigricans, and increased rates of 

hormonal disturbance, as found on physical examination, compared to normal weight 

children and compared to non-treatment seeking children.  They had an increased 

prevalence of each of hypertension, hyperinsulinism, dyslipidaemia, and elevated ALT, 

than normal weight children or non-treatment seeking children.  Three or more co-

morbidities were found to cluster together in 41% of children in this group. 

Analysis of the results by recruitment group shows a clear continuum effect with 

increasing adiposity across almost all measurements of complications.  A general 

progression (across Group 1 to Group 2 and rising to a peak in Group 3) of the incidence 

of the symptoms of complications, positive findings on examination, and of abnormal 

investigation results is seen.   
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This is only the second report of insulin levels during Oral Glucose Tolerance Test 

in normal weight children(128). We have studied 59 normal weight children in a randomly 

selected community-based population and described a normal upper limit level of 

12.0mU/L for fasting insulin in children (this level includes 95% of normal values and if 

outliers are excluded, this value includes >98% of values.  Note: due to skewing of the 

data, the 97.5th centile could not be used).  This new normal level for insulin in children has 

been adopted by the biochemistry department at Princess Margaret Hospital for Children, 

Perth, Western Australia.   

Another novel approach of this research has been the use of child BMI z-score as 

a continuous variable in analyses.  Continuous analysis of the data against child BMI z-

score has allowed the exploration of linear relationships or threshold effects.   

No published studies have previously reported continuous relationships between 

parent BMI and child BMI z-score.  This study has found an adjusted continuous linear 

relationship between both paternal and maternal BMI and child BMI z-score (after 

adjustment).   

Child BMI z-score has also been used as a continuous variable to assess the 

nature of the relationships between the complications of overweight/obesity and increasing 

adiposity.  Using this approach, the risk of co-morbidity has been shown to increase 

continuously across the whole spectrum of childhood BMI z-scores.  Even in the ‘normal’ 

range of BMI this progression of risk is evident.   

Examination findings and investigation results have shown that almost all change 

in a continuous manner with child BMI z-score. The complications with a linear or 

curvilinear relationship to child BMI z-score as a continuous variable include SBP, DBP, 

fasting, 60-minute and 120-minute insulin, HDL, total cholesterol, TG and homocysteine. 

The pattern of interaction of BMI z-score with ALT suggests that a degree of threshold 

effect may be superimposed on a linear relationship at a BMI z-score >2.00.  The 

identification of these relationships represents new information in the study of obesity-

related co-morbidities. 

 

The second study was an exercise intervention study to investigate the effect of 

exercise on insulin resistance in obese children.  A group of obese children undertook 

eight weeks of supervised circuit exercise training with a euglycaemic-hyperinsulinaemic 

clamp test pre- and post-intervention to determine changes in insulin sensitivity.  

Secondary outcome variables include changes in body composition, fitness and 

adipocytokines. 
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This study has shown for the first time that insulin resistance can be improved 

with eight weeks of exercise training in obese children at risk of the development of T2DM.  

There are no other published results of clamp studies to investigate insulin resistance in 

children before and after an exercise program.  The eight week exercise program was also 

associated with a statistically significant decrease in waist circumference and a statistically 

significant improvement in fitness.  Other novel findings include that this improvement in 

insulin resistance was independent of changes in body composition, that is, it was not 

associated with decreases in body fat or increases in muscle, either in total or by body 

compartment. The improvement in insulin resistance was also found to be independent of 

changes in the adipocytokines TNF-α, IL-6, or adiponectin.  It is the first published exercise 

intervention study in children to assess adipocytokine levels.  

This study also showed that a successful, well attended, supervised exercise 

program can be run for obese children and adolescents which benefits the health and 

fitness of the participants.  

 

In the light of these new findings, some recommendations can be made for 

changes in the practice of medical staff in contact with children.  Firstly, it is critical that 

children’s height and weight are screened regularly from an early age, at such points of 

contact as general practitioners rooms, emergency departments, paediatric clinics, child 

health nurse visits, hospital admissions etc.  Although this is already recommended by the 

NHMRC clinical practice guidelines (141), current practice falls short of these 

recommendations(142, 143) and there is no recommended age to begin screening.  It may 

be that children are developing overweight/obesity earlier than previously anticipated.  BMI 

should be calculated and parents should be informed and educated at every visit about 

their child’s BMI status as standard care.  Opportunistic screening is paramount in the light 

of poor recognition of childhood overweight/obesity by parents.  Without this initial 

recognition, parents will obviously not attend a health care professional for weight status 

assessment for their child.  It is likely that at these points of contact, education about BMI 

will be necessary for both parents and children.  At some of these points of contact, a 

family-screening approach is appropriate.  This would be advantageous, as the child is not 

singled out or stigmatised, and potentially the whole family’s lifestyle can be targeted.  It is 

accepted that childhood overweight/obesity rarely occurs in isolation and the cross-

sectional study conducted as part of this research thesis has shown the continuous nature 

of the association between parental and child BMI. 

Parents and the general community need to be educated about the morbidity 

associated with overweight/obesity in children.  Medical and paramedical staff need 
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education about the nature and prevalence of the complications and co-morbidities of 

overweight/obesity in childhood.  There is still the misheld view that overweight/obesity in 

children is primarily a social or cosmetic concern, however, this research details the 

development of complications and co-morbidities at a young age, in primary school 

children.   If children of primary school age are developing co-morbidites previously seen 

in adulthood alone, the potential future disease burden as these children grow to 

adulthood is disturbing. 

The continuous nature of the BMI z-score/co-morbidities relationship suggests that 

public health and health education strategies should adopt a population-based approach to 

weight management.  This continuous relationship means that even in the normal BMI 

spectrum, the risk of developing co-morbidities rises with increasing BMI.  Such an 

approach would encourage maintenance of normal weight for all children, rather than 

targeting overweight/obese children only. This approach could therefore potentially 

decrease the disease burden of the population as a whole, whilst simultaneously avoiding 

stigmatisation of those who are overweight/obese.  Strategies should include education in 

schools and in the community about the benefits of healthy eating and exercise and 

practical programs to consolidate this message.  

Medical practitioners also need to be aware of the serious nature and potential 

medical complications which can arise in childhood because of increased adiposity.  They 

should be aware of the need to screen children who are identified as overweight/obese for 

those complications, using examination (for hypertension, joint disease, acanthosis 

nigricans etc), and investigations as appropriate (which may include Oral Glucose 

Tolerance Test, lipid profile, joint XRAY, hormone profiles, liver function tests etc).  We 

have shown that young children are at risk of the development of these co-morbidities, and 

a young age should not preclude an overweight/obese child from having necessary 

investigations. 

Increased activity and decreased sedentary behaviours should be recommended 

for all children in line with the population-based public health approach suggested above.  

However, exercise has a specific role in weight management strategies for 

overweight/obese children, and in management strategies for adiposity-related co-

morbidities.  It should be noted by health professionals, and communicated to parents and 

children, that significant metabolic benefits of exercise occur in the absence of changes in 

body shape and weight. Exercise should not be recommended solely for weight loss or 

changes in body shape, and these should not be expected, especially in the short term.  

Conversely, weight maintenance rather than loss after an exercise program does not imply 

failure.  However, blood investigations should also not necessarily be repeated after an 
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exercise program, as simple blood investigations (such as lipid profiles, fasting insulin and 

OGTTs) are very likely to miss important metabolic improvements.  Simple anthropometry 

(BMI calculation, waist circumference) may be more indicative of potential metabolic 

improvement and decreased co-morbidity risk. 

For overweight/obese children, exercise training programs should be supervised 

by a trained exercise physiologist with paediatric experience, and is best carried out in a 

non-threatening, non-competitive environment.  However, a population-based approach for 

public health should promote regular exercise for all children to decrease potential future 

disease burden.  This approach would include encouraging all children to stay active, 

encourage exercise at school, promote opportunistic exercise (eg walking to school), and 

decrease sedentary time (spent on activities such as television viewing, internet and 

electronic games). 

Future research into childhood obesity needs to begin with regular surveillance of 

the population.  The last national data on childhood anthropometry in Australia is from 

1997.  It is currently unclear whether the normal BMI distribution of the whole population of 

Australian children is continuing to shift to the right, whether it is skewing to the right (just 

those who are overweight are getting heavier) or if the situation is stable (or indeed 

improving).  Ideally, such screening should include young children to gather information 

about when excess weight gain may begin and data would be collected longitudinally to 

assess weight and adiposity changes with growth, puberty and progression to adulthood. 

On a different note, information about the general population’s understanding of 

the medical complications and co-morbidities related to obesity need to be sought.  

Similarly, we have no data on the level of parental knowledge of the co-morbidites to which 

their overweight child is susceptible. Further assessment of doctor attitudes to childhood 

obesity and investigation and management of the condition is also warranted. 

On the topic of exercise and insulin resistance, longer exercise programs and 

those with different types of exercise need to be assessed for outcomes similar to those 

used in this study.  The use of MRI to assess intra-abdominal fat changes would be a 

helpful addition.  It may be that more sophisticated or localised methods of measuring 

adipocytokines also becomes available.  And finally, exercise programs need to be 

assessed in different populations of children and adolescents, and in those with different 

co-morbidities to assess whether exercise is equally beneficial for all types of people with 

various co-morbidities. 
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Childhood obesity is a growing and challenging field with many unanswered 

questions, and one in which I look forward to ongoing research and clinical practice. 
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Appendix 1  

DATA COLLECTION SHEET  
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DOB   Sex  Ethnicity   Country of 
Birth 

 
Date of Diagnosis 

Address at Diagnosis 
 

HISTORY 
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Past medical history 
 
 

Changes in weight 

Medications   Date Started  Date Stopped   
1. 
2. 
3. 
4. 

Family history  
Name    Relationship        DOB  Sex  Medical 
Probs  

(eg Biol Father, Half-Sibling) (eg HT, IHD, T2DM, high chol, obesity, 
OSA, PCOS, depression, anxiety, arthritis) 

 
1. 

 
2. 

 
3. 
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4. 
 

5. 
 
 
 

Mothers Ht………………reported/measured Mothers 
Wt………………reported/measured 

 
Fathers Ht……………….reported/measured
 FathersWt……………….reported/measured 

 
 

SYMPTOMS OF COMPLICATIONS 
 
 

Musculoskeletal pain   Y / N   UL   Knees  Hips  Back  Other 

Sx of obstructive sleep apnoea   Y / N  snoring   swallowing apnoea      somnolence 
 

Nigh-time Enuresis   Y / N   Menarche  Y / N / N/A age   regular  
Y / N  

 
Headache Y / N  Freq 

 
 

Psychological Issues   circle:  anxiety  depression ADHD   
behavioural disorder     teasing/bullying other 

 
 
 

EXAMINATION 

 
Date of Examination 

Ht     Wt    
Waist Circ    Hip Circ  

 
BP (3 recordings)  1.   2.   3. 

 
 

Acanthosis Nigricans     Y / N  Intertrigo   Y / N  Gynaecomastia   
Y / N 

 
Hirsuitism    Y / N   Acne   Y / N  Xanthomata    Y / N 

 
Abdomen     liver palpable Y / N   liver tender Y / N  striae Y / N  
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Pubertal Status (Tanner Stages) 

Hips  Full ROM  Y / N  Pain Y / N 

Knees  Full ROM   Y / N   Pain Y / N Valgus  Y / N 

 
LL bowing   Y / N 

 
Visual acuity  Left  Right 

Fundi Circle:   Normal  Papilloedema HT changes DM changes
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INVESTIGATIONS 
 

Random BSL       
Fasting BSL        Fasting Insulin   

HbA1C  
 
OGTT     Glucose  Insulin   C-peptide  
0 mins  
60 mins 
120 mins 
 
 
Lipids   Tot Chol   HDL   
LDL    TGs  
Circle:   fasting  /  nonfasting 
 
 
LFTs alk phos    ALT  

AST     albumin 
bilirubin     

 
 

TFTs FT4  FT3    
TSH  TRH 

 
 

Imaging (eg U/S abdo, XRAY hips+knees, pl describe results) 
 
 

Bone Age 
 

DEXA  Tot lean mass (g)  Tot fat mass(g)  Tot fat % 

Head lean mass(g)  Head fat mass (g) 

Trunk lean mass(g)  Trunk fat mass (g) 

Abdo lean mass(g)   Abdo fat mass (g) 

Arms lean mass(g)   Arms fat mass (g) 

Legs lean mass(g)  Legs fat mass (g) 

 

Sex Hormones  DHEAS    Oestrogen    

   SHBG    FSH 

Testosterone   LH 
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Homocysteine  

Leptin     

Apo A     

Sleep Study Resp Disturbance Index…………. 
 

Circle Result:      Normal / OSA mild / OSA mod /     
   OSA severe / Central 

 
Treatment:      None / Adenotonsillectomy / CPAP / BiPAP 
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Appendix 2  
 
Clamp study data collection sheet 
 
 
 

TARGET BSL always 5.0

CLAMP STUDY Time Actual Time Actual BSL GIR Change Time Rate mL/h Formal bloods taken Sample

Start glucose and bolus fast insulin+gluc,TNF,glucose 1

-60 Test glucose every 5 mins

-55

Name -50

DOB -45

-40 glucose 2

-35

-30
25

Test Date: -20 glucose 3
-15

-10

Height : -5

Weight : Start Insulin and spiked glucose

Start Insulin at double rate for first 2 mins

BMI 0 glucose, insulin 4

Body Surface Area: 5

sq root of ht x wt / 3600 10

15

20 glucose, insulin 5

Insulin Infusion Rates (0.06U/m2/min) 25

0.06 x BSA x 60 mins U/h 30

mL/h 35

40 glucose, insulin 6

50 units of insulin in 50 units of haemaccel 45

50

Formulae 55

GIR= 20% x rate / wt x 6 60 glucose, insulin 7

GIR x wt x 6 / 20 = rate 65

70

75 glucose, insulin 8

Glucose infusion rate and Pump settings 80

Glucose concentration 20% 85

GIR Rate GIR Rate 90 glucose, insulin 9

(mg/kg/min)  mL/h (mg/kg/min) mL/h 95

0.5 8.0 100

1.0 8.5 105 glucose, insulin 10

1.5 9.0 110

2.0 9.5 115

2.5 10.0 120 glucose, insulin 11

3.0 10.5 Clamp should finish here

3.5 11.0 125

4.0 11.5 130

4.5 12.0 135

5.0 12.5 140

5.5 13.0 145

6.0 13.5 150

6.5 14.0 155

7.0 14.5 160

7.5 15.0 165

170

Time of Study Completion 175

Duration of Clamp 180

Calculation Times
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Appendix 3  
 

Paper entitled “Increasing BMI z-score is continuously associated with 

complications of overweight in children, even in the healthy weight range”.  Published in 

The Journal of Clinical Endocrinology & Metabolism Vol. 92, No. 2 p517-522 
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Abstract  

Context Overweight/obesity in children is increasing.  Incidence data for 

medical complications use arbitrary cut-off values for categories of overweight and 

obesity.  Continuous relationships are seldom reported. 

Objectives  To report relationships of child Body Mass Index (BMI) z-score as a 

continuous variable with the medical complications of overweight. 

Design   Part of the larger, prospective cohort Growth and Development 

Study.  

Setting  Community recruitment of children through randomly selected 

primary schools.  Clinic recruitment of overweight treatment-seeking children 

through tertiary centres. 

Participants  Children aged 6-13years were community-recruited normal weight 

(n=73), community-recruited overweight (n=53) and overweight treatment-seeking 

(n=51). Medical history, family history, and symptoms of complications of 

overweight were collected by interview and physical examination performed.  

Investigations included Oral Glucose Tolerance Tests (OGTT), fasting lipids and 

liver function tests.   

Main Outcome Measure  Adjusted regression was used to model each 

complication of obesity with age- and sex-specific child BMI z-scores entered as a 

continuous dependant variable. 

Results    Adjusted logistic regression showed the proportion of children with 

musculoskeletal pain, obstructive sleep apnoea symptoms, headaches, 

depression, anxiety and bullying, and acanthosis nigricans increased with child 

BMI z-score.  Adjusted linear regression showed BMI z-score was significantly 
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related to systolic and diastolic blood pressure, insulin during OGTT, total 

cholesterol, high density lipoprotein, triglycerides, and alanine aminotransferase. 

Conclusion  Child’s BMI z-score is independently related to complications 

of overweight and obesity, in a linear or curvilinear fashion.  Children’s risks of 

most complications increase across the entire range of BMI values and are not 

defined by thresholds.  
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Introduction  

The continuing global increase in overweight and obesity is reported in both 

paediatric and adult populations.  Childhood obesity is associated with significant 

long term medical consequences, including hyperinsulinism, type 2 diabetes 

(T2DM), hypertension (HT), orthopaedic complications, obstructive sleep apnoea 

(OSA), cardiovascular disease, dyslipidaemia, and hepatic steatosis(1-3).  

Childhood obesity also frequently persists into adulthood, with up to 80% of obese 

children reported to become obese adults(4). However, the age of onset and 

natural history of childhood obesity and its complications are not well defined. 

Because a child’s Body Mass Index (BMI) changes with age, measures of 

BMI alone are inappropriate for comparisons of overweight and obesity amongst 

groups of children. Unlike adults where a BMI values can be compared directly, if 

BMI is to be used as a surrogate measure of adiposity in children, it must be 

adjusted for age and gender.  Most studies have categorised the adjusted value as 

normal, overweight or obese, but an alternative is to use the age- and gender-

specific BMI z-score which provides a continuous variable. 

Most analyses of the complications of childhood overweight and obesity 

have categorised both child’s weight (eg “obese” or “overweight”) and the 

complications (eg “presence” or “absence”) using arbitrary, percentile-based 

criteria(5-7). Data about the risks and prevalence of co-morbidities in childhood in 

different populations are emerging, usually reported as relative risks of co-

morbidities for children in overweight or obese categories, compared to normal 

weight(6, 8-12).   

Category-based risks assessment is clinically useful and perhaps for this 

reason there is little published material examining continuous relationships 
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between increasing BMI z-score and the complications of overweight(7, 13, 14). 

The tacit assumption of linear relationships between BMI z-score and 

complications is seldom tested(15).  Some studies approach a continuous analysis 

by using smaller categories and BMI centile groups and have suggested that these 

relationships may not be linear(6, 14). The aim of this study was to examine 

relationships between child BMI z-scores as a continuous measure of overweight 

and the adverse consequences of overweight. This approach allows the 

exploration of the form of the relationships or identification of any threshold effects 

between increasing BMI z-score and complications.  There are implications for 

public health and health education; a threshold effect would suggest targeting the 

children above BMI thresholds, whereas a continuous effect would suggest a 

population-based approach for all children to decrease the future disease burden. 

The Growth and Development Study is a prospective cohort study of 

Western Australian primary school children (aged 6 to 13 years) which seeks to 

determine the causes and consequences of childhood overweight and obesity.  

This report presents an analysis based on the continuous predictor of BMI z-score 

measured during a medical evaluation of children involved in the study in 2004. 

Methods  

Recruitment 

This study is part of the larger Growth and Development Study, which has 

recruited a large cohort of children and will follow them longitudinally with the aim of 

identifying biological, psychosocial and environmental factors that predict the 

development and persistence of overweight and obesity in children.  It has been 

approved by the Princess Margaret Hospital Ethics Committee.  
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Participants were recruited into the study two ways. All children aged 6-13 

years seeking treatment for overweight/obesity at a tertiary paediatric hospital 

outpatient department were approached (N=51), and 100% consented to 

participate in the study.  Non-treatment seeking children were recruited from 

primary schools.  In order to identify overweight and obese children, 4 primary 

schools in the Perth metropolitan area were selected at random by computer 

software.  All children with parental consent who were present at the selected 

schools during the site visit were weighed and measured. All measures were taken 

in triplicate with the mean score recorded.  Body Mass Index (BMI =weight/height2) 

was calculated for each child.  Children were classified as overweight or obese 

using the Cole et al.(16) age- and gender-specific overweight and obese cut-offs of 

BMI for children. All families with children classified as overweight or obese (N=75) 

were approached and 53 (71%) consented to participate.  In each class, a similar 

number of children who were not overweight were also approached (N=92) and 73 

(79%) consented to participate. Additional criteria for participation were that at least 

one parent agreed to participate and that parent had sufficient English to complete 

the interviews. Siblings of participating children were also invited to participate.   

Participating children and a parent attended for an assessment interview 

and physical examination.  Exclusion criteria included obesity secondary to a 

known medical condition and treatment with medication known to affect body 

weight eg stimulant medication. 

 

Assessment 

The children of all consenting families had a comprehensive medical 

assessment by the same paediatric fellow (LB). A structured interview recorded 
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demographic parameters, the child’s medical and birth history, the child’s reported 

symptoms of complications of overweight and family history. Specific complications 

asked about included musculoskeletal pain, symptoms of obstructive sleep 

apnoea, enuresis, headache and psychological issues.  Distractor questions about 

specific health issues not expected to be a complication of obesity, such as 

tonsillitis, allergies and asthma were also asked.  Height and weight, together with 

waist and hip circumference were measured.  A full physical examination and 

pubertal assessment, looking specifically for complications of overweight such as 

hypertension (HT), acanthosis nigricans (AN), pain and range of joint movement, 

gynaecomastia, hirsutism and acne. The participating parent’s height and weight 

were measured (>99% were mothers), and the non-participating parent’s height 

and weight was reported. Investigations included an Oral Glucose Tolerance Test 

with blood glucose, insulin and C-peptide levels measured at all time points, fasting 

lipid profile and liver function tests.   

 

Measurements 

Weight was measured (in kg to 2 decimal places) in light clothing without 

shoes using a digital balance scale.  Height was measured with a wall-mounted 

Holtain stadiometer (to the nearest millimetre) using the stretch technique.  Body 

mass index (BMI) was calculated as weight/height2 and expressed as kg/m2.  Waist 

and hip circumference were measured using a standard tape measure to the 

nearest 0.5cm.  Systolic (SBP) and diastolic (DBP) blood pressure were measured 

in the seated position with a Critikon Dinamap 8262-H4139 and an appropriately 

sized cuff on the right arm.  These values were obtained as the average of 3 
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measurements. Oral Glucose Tolerance Tests were carried out after an overnight 

fast, (1.75g of oral glucose solution per kilogram of body weight, maximum 75g).   

 Plasma glucose was measured using the colorimetric method (VITROS 

GLU, Ortho-Clinical diagnostics NY).  Plasma insulin was determined by 

chemiluminescent immunometric assay (IMMUNLITE 2000 Diamond Diagnostics 

MA).  Cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), 

triglycerides (TG) and alanine aminotransferase (ALT) were all were measured by 

colorimetric method (VITROS CHOL and VITROS 250, Ortho-Clinical diagnostics 

NY).   

 

Statistical Analysis 

Analysis was performed with the SPSS statistical package (SPSS, Chicago) 

and Stata 8.0 (StataCorp. 2003 Stata Statistical Software: Release 8.0. College 

Station, TX: Stata Corporation). A p-value of <=0.05 was considered statistically 

significant.   

Categorical variables were used to indicate the presence or absence of 

reported co-morbidities, and for the examination finding of acanthosis nigricans 

(AN). Adjusted logistic regression was used to model binary outcomes with odds 

ratios and 95% confidence intervals reported.   Continuous outcome variables 

were used for child’s BMI, blood pressure, and all blood test results.  Adjusted 

linear regression was used to model each of these outcomes separately.  Age- and 

sex-specific BMI z-scores were used as a continuous dependant variable for each 

model (calculated from the 2000 Centers for Disease Control and Prevention 

Growth Reference, USA(17, 18)).  Age and sex-specific blood pressure z-scores 

were used for age analysis of blood pressure(19).  Insulin levels were not normally 
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distributed and were log transformed. The SEIFA index (Socio-Economic Indexes 

for Areas) index of relative advantage / disadvantage derived from 2001 data from 

the Australian Bureau of Statistics was used at the level of Census District 

(smallest assessment level comprising approximately 200 households) to adjust for 

relative socioeconomic status (SES).  For all models, the best fitting regression line 

(considering all squares, cubes and interactions) has been fitted. 

 

Results  

A total of 177 children were recruited from the community and hospital 

based arms of the study in 2004, 91 (51.4%) female, 86 (48.5%) male. 

 

Demographics and Anthropometry 

Demographic and anthropometric parameters are shown in table 1.  As 

children were recruited at different ages, parental age at child’s birth was used. 

Self-identified ethnicity was given as Australian Peoples (Australian Bureau of 

Statistics classification) for 87% of children, 3% identified as Australian Aboriginal 

and 10% as other ethnicity.  The median number of people per household was 4, 

and 19.8% of children came from single-parent families.  Apart from a marginal 

difference in socioeconomic status (SES), there were no significant differences 

found in any parameter due to the method of recruitment of subjects (community 

versus clinic).  SES was controlled for in all analyses. 

Socioeconomic status, parents’ ages, birth data (gestation and birth weight), 

family structure, and mothers’ (measured) and fathers’ (reported) BMI were 

entered into the model for child’s BMI z-score.  Only maternal and paternal BMI 
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remained significantly associated with child’s BMI z-score.  For every unit increase 

in maternal BMI, child BMI z-score increased by 0.073 (p<0.001) and for every 

increase in reported paternal BMI, child BMI z-score increased by 0.095 (p<0.001). 

Figure 1 shows each parent’s BMI plotted against their child’s BMI z-score, with the 

adjusted regression line plotted (model R-square 0.330).  Many parents of normal 

weight children are overweight or obese. 

 

Dichotomously Categorised Complications 

The relationships between child’s BMI z-score and each of the 

dichotomously categorized complications of obesity (musculoskeletal pain, OSA, 

headache, teasing/bullying, anxiety, depression and enuresis), as well as health 

issues independent of obesity, were investigated.  BMI z-score was not related to 

child’s history of asthma, tonsillitis, otitis media, grommet insertion, eczema or 

allergy (inhalational or ingested).  After controlling for socioeconomic status, 

parents’ ages, parents' own history (of musculoskeletal pain/OSA/headache etc), 

child’s age and sex there was a positive relationship between BMI z-score and a 

number of complications, and all were statistically significant except for anxiety and 

enuresis (see table 2).  The odds ratios were greatest for the psychological 

complications of overweight and obesity (depression, bullying and teasing). 

Acanthosis nigricans was present in 10.7% of children and for each unitary 

increase in BMI z-score, the adjusted odds ratio for AN consistently increased by 

11.54 (p=0.002).  For positive paternal history of Type 2 diabetes, the adjusted 

odds ratio for AN was 13.09 (p=0.010).   

 

Continuously Categorised Complications 
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Both SBP and DBP z-scores increased in a linear relationship with BMI z-

score (p=<0.001 and p=0.021 respectively, see figure 2 a,b). The increase in SBP 

per unit increase in BMI z-score was greater than that of DBP.    

Fasting blood tests and OGTTs were successfully completed in 146 (82.5%) 

children.  Regression analysis was used to separately assess each test result with 

increases in child BMI z-score.  Adjustment was made for parental history of T2DM 

and dyslipidaemia, and child’s age, sex, SES, presence of acanthosis nigricans, 

waist:hip ratio, and SBP and DBP z-scores.  The coefficient of child BMI z-score 

and/or the square of child BMI z-score remained statistically significant in the 

model (p<=0.05) for, insulin at all time points, blood glucose level at time 120 mins 

and fasting c-peptide.  Linearly, each unit increase in child BMI z-score increased 

the log of the fasting insulin by 0.050, 95% CI (0.002, 0.093), (model R-square 

0.234, see figure 3 c). The log of insulin concentration at both 60 and 120 minutes 

of the OGTT was curvilinearly related to BMI z-score (p=0.02 R-square 0.256 and 

p=0.03 R-square 0.217), as was fasting c-peptide (p=0.005 R-square 0.406) 

suggesting more rapid increases at the extremes of BMI z-score.  BMI z-score did 

not remain significant in the model for fasting or 60 minute blood glucose level.  

  The relationship between child BMI z-score and ALT showed a linear 

increase across BMI values.  However for BMI z-score >2.00 a further increase 

was seen in some individuals.  A significant curvilinear relationship was seen with 

BMI z-score and both HDL (p=0.021 R-square 0.149) and TG (p=0.021 R-square 

0.226) see figure 2 (f-h).  HDL and TG show unfavourable profiles at both, but 

particularly the upper, extremes of BMI z-score.  The relationship between BMI z-

score and total cholesterol was statistically significant (p=0.029 R-square 0.120), 
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however, the association was greater with negative rather than positive BMI z-

scores.  There was no relationship between BMI z-score and LDL.  

 

Discussion  

 The number of overweight and obese children is increasing worldwide(20-

22).  Some reports show the distribution of BMI is increasingly right skewed(23, 

24), whilst others suggest a shift across the entire spectrum of childhood BMI(25, 

26). With either scenario, increases in obesity-related co-morbidities can be 

expected to follow. 

Odds ratios for childhood obesity are known to increase with parental 

obesity(24, 27, 28).  However no previous studies have reported a continuous 

adjusted linear relationship between parent BMI and child BMI z-score. 

In this report we have analysed symptoms, examination findings and 

investigation results and all change in a continuous manner with child BMI z-score.  

Hypertension, high total cholesterol, low HDL, high LDL and high TG are 

recognised risk factors for cardiovascular disease in adults.  In children, low HDL 

and high TG may be more strongly related to BMI(6, 8, 15).  This study found a 

continuous relationship with increasing BMI z-score for these measures.  The 

linear relationship between increasing BMI and blood pressure is comparable to 

that reported by Sorof et al(7, 13).   Higher, earlier effects on SBP (“preponderance 

of isolated systolic hypertension in early obesity”(7)) are replicated.  The curvilinear 

relationships between HDL, triglycerides and child BMI z-score demonstrate that 

changes in BMI z-score at the high end of the spectrum (> 2.00) have a greater 

impact on unfavourable lipid profiles.  In the case of HDL, unfavourable profiles are 

also seen at the low end of the BMI z-score spectrum, but subject numbers here 
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are low.  Non-linear relationships between lipid profiles and BMI centile were 

suggested by results from the Bogalusa Heart Study(6), where seven BMI centile 

categories were used to  approximate a continuous analysis(6, 15, 29). Similarly, 

findings by Resnicow et al(14) suggest a non-linear association between total 

cholesterol and the Rohrer Index (kg/m3). These findings suggest that small 

changes in weight at extremes of BMI may yield large changes in lipid profiles. 

Components of the metabolic syndrome (acanthosis nigricans, 

hyperinsulinism, elevated blood glucose level, elevated ALT) have been shown to 

cluster in overweight/obese children(9, 30-33) as well as adults.  This clustering of 

risk factors is known to be associated with increased long term morbidity and 

mortality in adults(34-38), but further longitudinal studies are needed to assess this 

in children.  We have shown the components of this syndrome are similarly 

influenced in a continuous manner by changes in BMI z-score. As a marker for 

hyperinsulinism, the presence of AN increased with BMI z-score, and this finding is 

reinforced  by the increases in the insulin values at all 3 time points of the OGTT 

(after adjustment for family history and AN).  However, a subset of children, despite 

increasing BMI z-scores, maintained normal fasting insulin.  Longitudinal studies 

are needed to assess if this lack of insulin resistance (and T2DM risk) is 

maintained lifelong in select groups of individuals.  These children may have 

genetic profiles which protect against the development of insulin resistance. The 

pattern of interaction of BMI z-score with ALT suggests that a degree of threshold 

effect may be superimposed on a linear relationship at a BMI z-score >2.00.  At 

this point, some individuals show a further increase in ALT levels.  Again, 

longitudinal studies are needed to follow this group into adulthood for the 

development of possible liver disease. 
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These findings have implications for public health measures. Obese and 

overweight children as young as six may need specialist medical care for the 

investigation and treatment of complications, but decreasing the BMI of whole 

populations of children will decrease the future disease burden.  The linear 

association between parental and child BMI reinforces the need for families to be 

included in management of children’s weight. 

Using this novel approach, the risk of co-morbidity is seen to increase 

continuously across the whole spectrum of childhood BMI z-scores.  Child’s BMI z-

score is independently linearly or curvilinearly related to many medical 

complications, and most co-morbidities are not defined by a simple threshold 

effect. Even in the ‘normal’ range of BMI this progression of risk is evident. 

 



 161 

References  

 

1. Slyper AH  1998 Childhood obesity, adipose tissue distribution, and the 
pediatric practitioner. Ped 102:1-9 

2. Reinehr T, Brylak K, Alexy U, Kersting M, Andler W  2003 Predictors to 
success in outpatient training in obese children and adolescents. Internat J 
Obesity 27:1087-92 

3. Dietz WH  1998 Health Consequences of Obesity in Youth: childhood 
predictors of Adult Disease. Ped 101:518-25 

4. Serdula MK, Ivery D, Coates RJ, Freedman DS, Willia mson DF, Byers T  
1993 Do obese children become obese adults? A review of the literature. 
Preventive Medicine 22:167-77 

5. Barlow SE, Dietz WH, Klish WJ, Trowbridge FL  2002 Medical evaluation 
of overweight children and adolescents: reports from pediatricians, pediatric 
nurse practitioners, and registered dietitians. Ped 110:222-8 

6. Freedman DS, Dietz WH, Srinivasan SR, Berenson GS  1999 The relation 
of overweight to cardiovascular risk factors among children and 
adolescents: the Bogalusa Heart Study. Ped 103:1175-82 

7. Sorof J, Daniels S  2002 Obesity hypertension in children: a problem of 
epidemic proportions. Hypertension 40:441-7 

8. Chu NF, Rimm EB, Wang DJ, Liou HS, Shieh SM  1998 Clustering of 
cardiovascular disease risk factors among obese schoolchildren: the Taipei 
Children Heart Study. Am J Clin Nut 67:1141-6 

9. Csabi G, Torok K, Jeges S, Molnar D  2000 Presence of metabolic 
cardiovascular syndrome in obese children. Euro J Ped 159:91-4 

10. Strauss RS, Barlow SE, Dietz WH  2000 Prevalence of abnormal serum 
aminotransferase values in overweight and obese adolescents. J Peds 
136:727-33 

11. Sinha R, Fisch G, Teague B, Tamborlane WV, Banyas B , Allen K, 
Savoye M, Rieger V, Taksali S, Barbetta G, Sherwin RS, Caprio S  2002 
Prevalence of impaired glucose tolerance among children and adolescents 
with marked obesity. NEJM 346:802-10 

12. Uwaifo GI, Elberg J, Yanovski JA  2002 Impaired glucose tolerance in 
obese children and adolescents. NEJM 347:290-2 

13. Sorof JM, Poffenbarger T, Franco K, Bernard L, Port man RJ  2002 
Isolated systolic hypertension, obesity, and hyperkinetic hemodynamic 
states in children. J Peds 140:660-6 

14. Resnicow K, Morabia A  1990 The relation between body mass index and 
plasma total cholesterol in a multiracial sample of US schoolchildren. Am J 
Epi 132:1083-90 

15. Freedman DS, Srinivasan SR, Berenson GS  2002 Chapter 11 : Risk of 
cardiovascular complications. In: Burniat W, Cole TJ, Lissau I, Poskitt E 
(eds) Child and Adolescent Obesity. Causes and consequences, prevention 
and management., First ed. Cambridge University Press, Cambridge, pp 
221-239 



 162 

16. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH  2000 Establishing a standard 
definition for child overweight and obesity worldwide: international survey. 
BMJ 320:1240-3 

17. Kuczmarski RJ, Guo SS  2002 2000 CDC growth charts for the United 
States: Methods and development. In: Statistics. NCfH (ed) 

18. Kuczmarski RJ, Flegal KMP, Campbell SM, Johnson CLM  1994 
Increasing Prevalence of Overweight Among US Adults: The National 
Health and Nutrition Examination Surveys, 1960 to 1991. JAMA 272:205-
211 

19. National High Blood Pressure Education Program Work ing Group on 
High Blood Pressure in Children and Adolescents  2004 The fourth 
report on the diagnosis, evaluation, and treatment of high blood pressure in 
children and adolescents. Ped 114:555-576 

20. Freedman DS, Srinivasan SR, Valdez RA, Williamson D F, Berenson GS  
1997 Secular increases in relative weight and adiposity among children over 
two decades: the Bogalusa Heart Study. Ped 99:420-6 

21. World Health Organisation  1998 Obesity: preventing and managing the 
global epidemic, Geneva 

22. Booth ML, Chey T, Wake M, Norton K, Hesketh K, Doll man J, 
Robertson I  2003 Change in the prevalence of overweight and obesity 
among young Australians, 1969-1997. Am J Clin Nut 77:29-36 

23. Troiano RP, Flegal KM  1998 Overweight children and adolescents: 
description, epidemiology, and demographics. Ped 101:497-504 

24. Guillaume M, Lapidus L, Beckers F, Lambert A, Bjorn torp P  1995 
Familial trends of obesity through three generations: the Belgian-
Luxembourg child study. Internat J Obesity 19:S5-9 

25. Lazarus R, Wake M, Hesketh K, Waters E  2000 Change in body mass 
index in Australian primary school children, 1985-1997. Internat J Obesity 
24:679-84 

26. Morrison JA, James FW, Sprecher DL, Khoury PR, Dani els SR  1999 
Sex and race differences in cardiovascular disease risk factor changes in 
schoolchildren, 1975-1990: the Princeton School Study. Am J Pub Health 
89:1708-14 

27. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz W H 1997 Predicting 
obesity in young adulthood from childhood and parental obesity. NEJM 
337:869-73 

28. Wang Z, Patterson CM, Hills AP  2002 Association between overweight or 
obesity and household income and parental body mass index in Australian 
youth: analysis of the Australian National Nutrition Survey, 1995. Asia Pac J 
Clin Nut 11:200-5 

29. Lobstein T, Baur LA, Uauy R  2004 Obesity in children and young people: 
a crisis in public health. Obesity Rev 5 (suppl.1):4-85 

30. Rabbia F, Veglio F, Pinna G  1994 Cardiovascular risk factors in 
adolescence: prevalence and familial aggregation. Prev Med 23:809-815 

31. Sinaiko AR, Jacobs DR, Jr., Steinberger J, Moran A,  Luepker R, 
Rocchini AP, Prineas RJ  2001 Insulin resistance syndrome in childhood: 
associations of the euglycemic insulin clamp and fasting insulin with fatness 
and other risk factors. J Peds 139:700-7 



 163 

32. Ronnemaa T, Knip M, Lautala P, Viikari J, Uhari M, Leino A, Kaprio EA, 
Salo MK, Dahl M, Nuutinen EM  1991 Serum insulin and other 
cardiovascular risk indicators in children, adolescents and young adults. Ann 
Med 23:67-72 

33. Arslanian S SC  1996 Insulin sensitivity, lipids, and body composition in 
childhood: is "syndrome X" present? Journal of Clinical Endocrinology & 
Metabolism 81:1058-62 

34. Kannel WB, Gordon T, Castelli WP  1979 Obesity, lipids, and glucose 
intolerance. The Framingham Study. Am J Clin Nut 32:1238-45 

35. Kannel WB, Cupples LA, Rammaswami R, Stokes JI, Kre ger BE, 
Higgins M  1991 Regional obesity and risk of cardiovascular disease; the 
Framingham Study. Journal of Clinical Epidemiology 44:183-90 

36. Chu NF, Wang DJ, Lee MS, Chen LM, Ding YA, Shieh SM  1993 Relation 
of cardiovascular risk factors and body fat distribution-is central obesity a 
more meaningful risk factor than general obesity? Acta Cardiol Sin 9:68-76 

37. Rimm EB, Stampfer MJ, Giovannucci E  1995 Body size and fat 
distribution as predictors of coronary heart disease among middle aged and 
older US men. Am J Epi 111:1117-27 

38. Willett WC, Manson JE, Stampfer MJ  1995 Weight, weight change, and 
coronary heart disease in women. Risk within the 'normal' weight range. 
JAMA: Journal of the American Medical Association 273:461-5 

 



 164 

Abbreviations  

 

Body Mass Index (BMI) 

Oral Glucose Tolerance Tests (OGTT) 

Type 2 diabetes (T2DM) 

Hypertension (HT) 

Obstructive sleep apnoea (OSA) 

Systolic blood pressure (SBP) 

Diastolic blood pressure (DBP) 

Low density lipoprotein (LDL) 

High density lipoprotein (HDL) 

Triglycerides (TG) 

Alanine aminotransferase (ALT) 

Acanthosis nigricans (AN) 

SEIFA index (Socio-Economic Indexes for Areas) 

Socioeconomic status (SES) 
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 Mean SD Range 

(n = 177)    
Child age  (years) 9.7 1.8 6.0 – 13.2 

BMI z-score 
1.0 1.3 -2.9 – 3.0 

Mothers’ BMI  (kg/m2) 28.8 7.2 19.4 – 53.7 
Fathers’ BMI  (kg/m2) 27.3 4.8 18.4 – 49.6 
Mother’s age at child’s birth  (years) 29.8 4.9 16.7 – 41.0 
Father’s age at child’s birth  (years) 31.9 5.8 19.0 – 47.9 

Index Relative Adv/Disadv 
1036.8 86.7 835.4 – 1222.5 

Child’s birth weight  (grams) 3470.8 664.0 1300.0 – 4800.0 
Child’s gestation  (weeks) 39.4 2.1 29.0 – 43.0 
  
 
 
• Table 1 : Demographic and anthropometric parameters  of the cohort.  
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• Figure 1: Parental BMI and Child BMI z-scores.  Scatter plot and linear regression equation lines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maternal BMI vs Child BMI z score

10.0

20.0

30.0

40.0

50.0

60.0

-4.00 -2.00 0.00 2.00 4.00

Child BMI z score

M
ot

he
rs

 B
M

I Measured
Child BMI
points

Regression
Line

Paternal BMI vs Child BMI z score

10.0

20.0

30.0

40.0

50.0

60.0

-4.00 -2.00 0.00 2.00 4.00

Child BMI z score

Fa
th

er
s 

B
M

I Measured
Child BMI
points

Regression
Line



 167 

 
 
 
 
 
 
 
 
 
 

Child’s Reported 
Symptoms 

N (%)    Wald p-value Odds Ratio 95% CI of OR  

(n=177) (Children reporting each 
complication) 

(for BMI z-score) (with each increase of 1.0 
in BMI z-score) 

 

     

Musculoskeletal pain 28 (15.8%) 0.003 2.54 (1.41, 4.59) 
OSA 51 (28.8%) 0.002 1.89 (1.54, 2.83) 
Headache 13 (7.3%) 0.027 2.42 (1.11, 5.29) 
Teasing/Bullying 54 (30.5%) <0.0001 8.01 (3.47, 18.54) 
Anxiety 17 (9.6%) 0.134 1.53 (0.88, 2.67) 
Depression 11 (6.2%) 0.029 3.38 (1.13, 10.11) 
Enuresis 13 (7.3%) 0.333 1.30 (0.78, 2.42) 
 
 
• Table 2 : Odds Ratios for reported symptoms of over weight by BMI score.   Each assessed separately, adjusted 

for age, sex, socio-economic status, mother’s and father’s ages, and each parent’s own history of these complications 

(logistic regression). 
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e) ALT vs BMI z-score
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f) Total Cholesterol vs BMI z-score  
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c) Log Fasting Insulin vs BMI z-score
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d) Log 120 min Insulin vs BMI z-score
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a) Systolic Blood Pressure z-score vs Child BMI z-
score
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b) D iastolic Blood Pressure z-scores vz BMI z-score
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• Figure 2 (a-h) : Co-morbidities and complications o f overweight and Child BMI z-score.  Each assessed 

separately, adjusted for child’s BMI z-score, age, sex, socio-economic status, mother’s and father’s ages, and each 
parent’s own history of these complications (linear regression). 
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Appendix 4 

 
 Paper entitled “Exercise alone reduces insulin resistance in obese children 

independently of changes in body composition”.  Published in The Journal of Clinical 

Endocrinology & Metabolism Vol. 92, No. 11 p4230-4235. 
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Abstract 
 
Context The number of obese children with insulin resistance and type 2 diabetes is 
increasing but the best management strategy is not clear.  
Objective To assess the effect of a structured eight-week exercise training program on 
insulin resistance and changes in body composition in obese children. 
Design Eight weeks of structured supervised exercise intervention with outcome measures pre- 
and post- the exercise period. 
Subjects  14 obese children (12.70 +/- 2.32 yr, 8M, 6F) with high fasting insulin levels 
were enrolled into the study. 
Intervention Eight weeks of supervised circuit-based exercise training, composed of three 
fully supervised one-hour sessions per week.   
Outcome measures These were assessed pre- and post-training program and included insulin 
sensitivity (euglycaemic-hyperinsulinaemic clamp studies), fasting insulin and glucose levels, 
body composition using dual energy X-ray absorptiometry (DEXA) scan, lipid profile and liver 
function tests. 
Results    Insulin sensitivity improved significantly after eight weeks of training (Mlbm 8.20 
± 3.44 to 10.03 ± 4.33 mg/kg/min, P < 0.05).  Submaximal exercise heart rate responses were 
significantly lower following the training (p < 0.05), indicating an improvement in 
cardiorespiratory fitness.  DEXA scans revealed no differences in lean body mass or abdominal 
fat mass.   
Conclusion An eight-week exercise training program increases insulin sensitivity in obese 
children, and this improvement occurred in the presence of increased cardiorespiratory fitness but 
is independent of measurable changes in body composition.  
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Introduction  

Complications of overweight and 
obesity are becoming major health care 
issues due to the increasing prevalence of 
childhood obesity and overweight. Possibly 
the largest health burden will result from 
type 2 diabetes mellitus (T2DM) and 
cardiovascular disease. Previously 
considered a disease of adults, T2DM is now 
increasing in children(1-3).   

Insulin resistance precedes the 
development of T2DM; resultant high 
insulin levels and gradual development of 
impaired glucose tolerance are disease 
precursors(4). In adults, abdominal adiposity 
is associated with insulin resistance and type 
2 diabetes(5-7), and the evidence for this in 
childhood is increasing(8-11).  Similarly, 
insulin resistance, measured via 
euglycaemic-hyperinsulinaemic clamp 
studies, has been shown to improve with 
exercise programs over time in adult 
subjects(12-14).  However data on the 
impact of exercise training on insulin 
resistance in overweight and obese children 
are limited.  Most studies have used a cross-
sectional analysis to examine insulin 
resistance in children of different fitness 
levels(15, 16) or with different levels of self-
reported physical activity(15, 17).  These 
studies have found that those who report 
greater levels of physical activity have lower 
insulin levels  and by inference greater 
insulin sensitivity (17).   

Some exercise intervention studies, 
in youth, using fasting insulin or oral 
glucose tolerance tests (OGTT) as measures 
of insulin resistance, have suggested a 
decrease in insulin resistance following 
exercise but the effect was not quantifiable 
due to methodological limitations(18, 19). In 
children, there are no published longitudinal 
studies which have examined the effect of 
exercise training on insulin resistance or 
hyperinsulinism. Furthermore, no studies in 
children have examined changes in insulin 
resistance together with changes in body 
composition. 

 Euglycaemic-hyperinsulinaemic 
clamp techniques have been used in children 
to quantify insulin resistance in obesity, 
however these have been cross-sectional 
studies. 

In the present study, sedentary obese 
children with high fasting insulin levels 
were recruited to an eight-week controlled 
exercise training program.  Outcome 
measures included body composition, fitness 
and insulin resistance.   

 
 

Methods    

Subjects 
Sedentary obese children and 

adolescents aged between 9 and 16 years 
were recruited from tertiary referral clinics.  
All children were above the 95th centile for 
Body Mass Index (BMI) for age(20), and all 
had elevated fasting insulin levels 
>12.0mU/L (but normal fasting glucose) 
prior to commencement of the study.  
Exclusion criteria included secondary 
obesity, underlying genetic syndrome, and 
type 2 diabetes. The study was approved by 
the Princess Margaret Hospital Ethics 
Committee and written informed consent 
was obtained from the parent and assent 
from the child or adolescent. 

Exercise Training Intervention 
The intervention comprised of eight 

weeks of group ‘circuit’ exercise training 
involving three 1-hour sessions per week, 
fully supervised by a trained Exercise 
Physiologist, for a total of 24 sessions.  The 
sessions were circuit-based, involving mixed 
aerobic and resistance (modified for age) 
stations.  A “circuit” consisted of aerobic 
cycle ergometer exercise, alternated with 
exercise performed on weight-stack 
machines (Pulsestar, UK).  Following a 10 
min warm-up period of stretching and low 
intensity cycle or treadmill exercise, each 
exercise session would begin with 1 minute 
of cycle ergometry (initially maintained at 
65% of maximum heart rate (HR), 
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progressed to 85% by week 3) followed, at 
the sound of a buzzer, by movement to the 
first weight stack machine (12 
repetitions/minute, initially maintained at 
~55% of pre-training maximum voluntary 
contraction, progressed to ~65% by week 3).  
Following a minute of exercise on this 
machine, subjects returned to the cycle 
ergometer and the circuit continued until all 
10 machine stations were completed.  
Subjects completed 2 sets of this circuit at 
each of the three weekly visits to the 
gymnasium for 8 weeks.  Inclusive of the 
final 10 minute cool down period, the 
exercise sessions lasted approximately 60 
minutes. To address the issue of relative 
exercise intensity, individual measurements 
of maximal strength were made for each of 
the resistance exercise stations and we 
determined age predicted maximal exercise 
HR data.  All subjects then exercised at 
individualised absolute workloads and 
resistances, but exercise was matched 
between subjects in relative terms.  

Throughout the study period, the 
children were asked to maintain a healthy 
diet, but no standard dietary modifications 
were made in order to gauge the effect of 
added exercise alone to the child’s lifestyle. 

 

Assessment 
Pre- and post-training period medical 

assessment and insulin sensitivity was 
carried out by the same physician 
investigator (LB).  Medical and family 
history, physical examination, 
anthropometric measurements and Tanner 
staging were performed.  Weight, height, 
waist and hip circumference and blood 
pressure were measured and BMI was 
calculated as weight/height2 and expressed 
as kg/m2.  Age- and sex-specific BMI z-
scores were calculated from the 2000 
Centers for Disease Control and Prevention 
(CDC) Growth Reference, USA(21).   All 
anthropometric parameters were obtained by 
taking the average of three sequential 
measurements. 

Body composition was measured by 
whole-body Dual Energy X-ray 

Absorptiometry (DEXA), using the Norland 
XR36 Quickscan DEXA scanner.  Total lean 
mass, total fat mass and percentage body fat 
was obtained for each subject, as well as 
lean and fat mass by body compartment.  
Five body compartments were used (head, 
trunk, abdomen, upper limbs and lower 
limbs) as defined by bony landmarks.  This 
analysis was performed blind by an 
independent investigator. 

Before and after the eight-week 
training period, a submaximal exercise test 
was performed in each subject consisting of 
three consecutive four-minute incremental 
epochs of exercise on a braked bicycle 
ergometer (Monark, Sweden) with subjects 
continuously cycling at 50-60 revolutions 
per minute (rpm).  Heart rate was 
continuously measured in beats per minute 
(bpm) by telemetric method (Polar Electro, 
Finland).  Identical exercise intensities were 
used before and after exercise training in 
each subject and changes in fitness were 
assessed by comparing heart rate responses 
at these matched workloads.   

Euglycaemic-Hyperinsulinaemic Clamp 
Tests 

  Insulin sensitivity was measured by 
the euglycaemic-hyperinsulinaemic clamp 
technique.  All clamp tests were performed 
not less than 48 hours after completion of 
the last training session, to decrease the 
possibility of an acute impact of the final 
exercise bout.  Each subject was admitted to 
the research centre at 0800 after an 
overnight fast, and had two 18 gauge 
intravenous cannulae placed.   One cannula 
was inserted into the dorsum of the hand for 
sampling blood glucose, and one into the 
contralateral cubital fossa for infusion of 
both a standard 60mU/m2/min of insulin, 
and variable rate infusion of 20% dextrose.  
At baseline, blood was obtained for fasting 
insulin and glucose samples, fasting lipid 
profile and liver function tests.  The insulin 
infusion was commenced at Time 0, and the 
subject’s blood glucose level was taken from 
the sampling line at five minute intervals 
and analysed immediately using a YSI 2300 
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Stat Plus, Glucose and Lactate Analyser.  
The 20% dextrose infusion was titrated 
accordingly to keep the subject’s blood 
glucose level at 5.0mmol/L.  All calculations 
were performed on the results from Time 
120 mins to Time 180 mins of the clamp, 
when steady state had been achieved.  
“M (lbm)” was calculated as the measure of 
insulin sensitivity, defined as the milligrams 
of glucose infused per kilogram of lean body 
mass per minute (mg/kg/min) to keep blood 
glucose at 5.0mmol/L during the steady state 
period. 

 
Measurements and Biochemistry 

Weight was measured to two decimal 
places on a digital balance scale in light 
clothing without shoes.  Height was 
measured to the nearest millimetre on a wall 
mounted stadiometer.  Weight and hip 
circumference were measured using a 
standard non-elastic tape measure to the 
nearest 0.5 cm.  Blood pressure (BP) was 
measured in the seated position with a 
Critikon Dinamap 8262-H4139 and an 
appropriate size cuff.   

Plasma glucose was measured using 
the colorimetric method (VITROS GLU, 
Ortho-Clinical diagnostics NY).  Plasma 
insulin was determined by 
chemiluminescent immunometric assay 
(IMMULITE 2000 Diamond Diagnostics, 
MA).  Cholesterol, high density lipoprotein 
(HDL), low density lipoprotein (LDL), 
triglycerides (TG) and alanine 
aminotransferase (ALT) were all were 
measured by colorimetric method (VITROS 
CHOL and VITROS 250, Ortho-Clinical 
diagnostics, NY).  

 
Statistical Analysis 

All data are shown as mean ± sd, or as 
percentages.  Analysis was performed with 
the SPSS statistical package (SPSS, 
Chicago) and Stata 8.0. The Wilcoxon 
signed ranks test was used to test the null 
hypothesis that there was no difference 
between the pre- and post- exercise data, due 
to the small number of subjects.  

Correlations were tested using Pearson’s or 
Spearman’s rank test as appropriate. 

The study was powered to detect a 
25% difference in insulin sensitivity (as 
measured by clamp test) using a paired study 
design, a type I error of 5% and a power of 
80% (based on the metabolic studies by 
Sunehag et al).  

Initially, DEXA results were reported 
as grams of lean mass and grams of fat mass 
for each subject.  However, for comparisons 
to be made between subjects, DEXA results 
were converted to percentages of each 
individual’s total body weight.  This allows 
meaningful comparisons of body 
composition changes between individuals of 
different age, sex and body shape. 

 
Results 
Fourteen subjects, eight males and six 

females, were enrolled (age 12.70 ± 2.32 
years).  All subjects were obese (BMI 
31.658 ± 4.436 kg/m2 and BMI z-score 2.23 
+/- 0.30).  There was no difference between 
males and females in age, BMI or BMI z-
score.  Attendance for the eight-week 
training period was over 87%.  No subject 
missed more than 4 sessions. 
 
Anthropometric measures 

Over the eight weeks of intervention 
there was a significant increase in height 
(1.59m vs 1.60m, p < 0.05), but no change 
in weight (80.6 vs 81.2 kg p = 0.47). BMI z-
score (2.23 vs 2.20, p < 0.05) and waist 
circumference decreased (p < 0.05), but 
BMI, hip girth, systolic and diastolic blood 
pressure were unchanged (see table 1). 
 
Body Composition 

Analysis of DEXA results by body 
compartment showed no significant 
differences between mean pre- and post-
training body composition values (see table 
2) in either fat or lean body mass.   
 
Aerobic fitness 

Submaximal exercise heart rate 
responses were significantly lower following 
the training period (p < 0.05), indicating an 
improvement in cardiorespiratory fitness.  
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Differences were evident at the highest 
workload (Work load 3: heart rate 165.27 ± 
12.65bpm to 154.61 ± 8.98 bpm, p < 0.001).   
 
Insulin Sensitivity 

There was a wide range of pre-
training M(lbm) values (3.68 to 13.40 
mg/kg/min, mean 8.20 ± 3.44 mg/kg/min).  
There was no significant correlation between 
the pre-training M(lbm) and sex, age, or heart 
rate during the fitness test, or compartmental 
body composition.  Post-training M(lbm) 
values ranged between 4.09 and 17.42 
mg/kg/min, with a mean of 10.02 ± 4.33 
mg/kg/min. There were no significant 
correlations between post- training M(lbm) 

and heart rate during the fitness test, or 
compartmental body composition data. 

Insulin sensitivity improved after 
eight weeks of training (pre- training M(lbm) 
vs post-training M(lbm) : 8.20mg/kg/min vs 
10.02 mg/kg/min, p<0.05 (Figure 1).  There 
was no relationship between the degree of 
improvement in M(lbm) and baseline insulin 
sensitivity. 

There were no significant correlations 
of the change in M(lbm) with gender, age, 
improvement in fitness, the number of 
sessions attended, change in weight or 
change in BMI or BMI z score.  There was 
also no correlation between M(lbm) and 
degree of change in any parameter of body 
composition.  Apart from insulin sensitivity 
there were no other significant changes in 
fasting blood results (table 3).   

 
Discussion 
Insulin resistance is one of the major 

complications of obesity.  There are now 
reports of increasing type 2 diabetes in 
children, and this is considered a 
consequence of increasing obesity rates.   

This study has found that an eight-
week exercise training program improves 
insulin resistance in obese children in the 
presence of improved exercise capacity, but 
in the absence of changes in body weight or 
body composition. The baseline insulin 
sensitivity (M(lbm) ) measurements taken in 
this study are similar to those measured in 

cross-sectional studies in children by other 
researchers.  

The strengths of this study include 
the involvement of a trained paediatric 
Exercise Physiologist and small numbers 
of subjects in each exercise session, 
resulting in high attendance rates (87%) 
and a high level of personal attention for 
each subject.  The use of DEXA scans to 
define body compartments allowed the 
regional analysis of lean mass and fat 
mass.  Although demanding and time-
intensive, the use of euglycaemic-
hyperinsulinaemic clamp tests as 
outcome measures has allowed us to 
detect changes in insulin sensitivity 
which would have been missed by using 
fasting insulin levels.  Schmitz et al(17) 
assessed the correlation between self-
reported physical activity and insulin 
sensitivity in children using both a 
euglycaemic-hyperinsulinaemic clamp 
and fasting insulin in a cross-sectional 
study. They report mean values between 
M(lbm) 11.80 ± 4.02 mg/kg/min and14.26 ± 
4.33 mg/kg/min (for low and high levels of 
reported physical activity respectively). 
They also reported that “using fasting 
insulin as a measure of insulin sensitivity 
underestimates the magnitude of the 
potential for physical activity to improve 
insulin sensitivity”(17).  Other research 
groups have reported values in a similar 
range for insulin sensitivity in obese 
children in cross-sectional studies.  There 
are no other published results of clamp 
studies investigating insulin resistance in 
children involved in a longitudinal repeated 
measures study of the impact of exercise 
training.   

Several limitations to the present 
study are germane.  This study involved 
children of both sexes and included an age 
range across which puberty influences 
insulin resistance.  Ideally, separate analysis 
of males and females using tighter age 
ranges would be used.  To reduce this 
potential error, pubertal status was assessed 
by Tanner staging and was clinically 
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unchanged for the short period of the study 
in all subjects.   

The study would have been 
strengthened by using a control group of 
non-exercising children.  However, it would 
be difficult and perhaps unethical to recruit 
obese children for invasive clamp studies 
without offering an intervention.  
Alternatively, a control arm could be 
achieved by extending the study to 16 weeks 
and adding an eight-week rest period before 
the eight-week exercise period.  This would 
necessitate three clamp tests (one at 
commencement of the study, one at eight 
weeks, and one at 16 weeks) and be more 
invasive and potentially have a greater drop-
out.  We considered controlling the study 
using a cross-over design, but this too would 
have necessitated three clamp studies.  
Nevertheless, we think it unlikely that the 
improvement in insulin resistance we 
observed would have occurred 
spontaneously over an eight week period in 
subjects who remained sedentary.  Although 
the improvement in insulin resistance we 
observed was independent of changes in 
segmental DEXA measures of fat and 
muscle, it is possible that changes in visceral 
or subcutaneous fat occurred which were not 
distinguished by our DEXA approach.   

The medical literature is unclear as to 
whether obesity or a lack of fitness is the 
most important predictor of cardiovascular 
mortality and morbidity, and whether this 
varies between individuals.  Data from adult 
men and women suggests that obese 
individuals who are fit have a lower risk of 
mortality compared with lean individuals 
who are unfit(22, 23).  In addition, recent 
studies suggest that fitness is a stronger 
predictor of fasting insulin levels than 
fatness in overweight male middle-school 
children(24).  The present study adds novel 
insight to this question, having established 
improvement in euglycaemic-
hyperinsulinaemic clamp derived measures 
of insulin resistance, in the absence of 
change in DEXA measures of body 
composition, in response to a well attended 
exercise training intervention which 
improved exercise capacity.  Nonetheless, 

we concur with a recent discussion on the 
topic by Esposito et al. who acknowledge 
that “from the standpoint of preventive 
medicine, the debate … seems largely 
academic”, since regular physical activity is 
the treatment for both obesity and poor 
cardiovascular fitness.(25)   

Studies which investigate the 
relationship between body fat and insulin 
resistance following exercise have shown 
mixed results.  Some show stable body 
composition after an exercise training 
program(26, 27), whilst others report 
decreases in fat mass and increases in lean 
body mass(28, 29).  Treuth et al(27) studied 
obese girls during a five month resistance 
exercise training program and found an 
increase in overall body fat, but visceral fat 
did not increase.  Insulin as measured by 
OGTT improved non-significantly, but no 
more sophisticated measures of insulin 
resistance were used(27).  These changes 
may also depend on the type of exercise 
undertaken(30) (i.e. resistance/weight 
training versus aerobic/cardiovascular 
exercise) and the length of the exercise 
intervention period.  The subjects in this 
study performed circuit training, involving 
both types of exercise in combination and 
therefore the effects of separate types of 
exercise can not be distinguished.   There are 
currently no published studies which 
compare the effects of endurance versus 
resistance exercise on body composition and 
insulin resistance in children.   

It is interesting that waist 
circumference decreased significantly over 
the training period whereas abdominal fat 
and lean mass (as measured by DEXA) did 
not.  This is important as waist 
circumference is known to be linked to long 
term cardiovascular risk factors.  This may 
imply redistribution of abdominal fat, or a 
change in the ratio of visceral fat (inside the 
abdominal cavity surrounding the organs) 
from subcutaneous or abdominal wall fat 
(outside the abdominal cavity).  Another 
hypothesis is that increased abdominal tone 
(without changes in abdominal lean or fat 
mass) may be reflected in decreased waist 
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circumference before other changes are 
seen. 

Mixed results have been shown in the 
few intervention studies which have 
attempted to determine if exercise programs 
achieve improvements in insulin resistance 
through changes in body composition or 
through improvements in fitness.  Gutin et 
al(31, 32) used aerobic exercise training 
programs for obese girls and showed a trend 
toward decreases in fasting insulin (clamp 
studies were not used) in the absence of 
changes in body fat.  However in a later 
study, the same group found decreases in 
fasting insulin together with decreases in 
body fat after an exercise program(33).  
Both studies used DEXA as the measure of 
body composition.  Treuth et al(27) used 
only resistance exercise but found an 
improvement in OGTT parameters and static 
visceral fat levels in the face of increasing 
overall body fat.  Conflicting findings from 
a number of studies may be due to 
differences in study design, study 
populations and outcome measures.  It is 
likely that different causal pathways to 
disease may become apparent as studies 
utilise more sophisticated outcome 
measures.  Our data suggest that fitness is an 
important management approach to decrease 
insulin resistance.  The reversal of obesity-
related insulin resistance may have benefits 
in the prevention of impaired glucose 
tolerance and type 2 diabetes in children. 

In summary, there are many issues to 
be resolved in this field, most involving the 
metabolic pathways involved in the 
relationships between fitness, fatness and 
insulin resistance.  However, this study has 
shown for the first time that insulin 
resistance can be improved with eight weeks 
of exercise training in obese children at risk 
of the development of type 2 diabetes.   
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Abbreviations 

 

Body Mass Index (BMI) 

Type 2 diabetes (T2DM) 

Dual Energy X-Ray Absorbtiometry (DEXA) 

Systolic blood pressure (SBP) 

Diastolic blood pressure (DBP) 

Revolutions per minute (rpm)  

Beats per minute (bpm) 

Low density lipoprotein (LDL) 

High density lipoprotein (HDL) 

Triglycerides (TG) 

Alanine aminotransferase (ALT) 

Oral Glucose Tolerance Test (OGTT) 
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  Pre-exercise Post-exercise P value 

N 14 14  

Height (m) 1.59 ± 0.12 1.60 ± 0.11 0.003* 

Weight (kg) 80.62 ±19.20 81.20 ± 19.0 0.470 

BMI (kg/m2) 31.58 ± 4.36 31.19 ± 4.03 0.103 

BMI z-score 2.23 ±  0.30 2.20 ± 0.30 0.032* 

Waist (cm) 97.08 ±13.70 94.82 ± 13.36 0.045* 

Hips (cm) 106.34 ± 13.30 105.78 ± 14.27 0.700 

BP systolic (mmHg) 109.14 ± 29.23 104.50 ± 31.17 0.555 

BP diastolic (mmHg) 86.64 ± 25.79 83.14 ± 29.48 0.059 

Fitness Test (heart rate bpm) 164.54 ± 12.79 154.61 ± 8.97 0.011* 
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Table 18 Anthropometric data, blood pressure and fitness results for the cohort pre- and 
post- the eight-week exercise training period. 
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Pre- Training 

Period Raw 

Values  

(kg) 

Pre-training 

Period  

(% of total 

body mass) 

Post-training 

Period  

(% of total body 

mass) 

P value 

N 14 14 14  

Total fat mass  39.66 ± 11.58 47.07 ± 5.23 46.50 ± 5.84 0.378 

Trunk lean mass  17.28 ± 5.62 22.18 ± 3.26 22.72 ± 3.34 0.177 

Trunk fat mass  17.13 ± 4.11 22.44 ± 1.93 22.50 ± 2.67 0.875 

Abdo lean mass  6.88 ± 2.27 9.93 ± 1.39 9.17 ± 1.54 0.414 

Abdo fat mass  7.55 ± 1.98 10.02 ± 0.90 9.73 ± 1.27 0.221 

Arms lean mass  4.83 ± 1.77 6.37 ± 1.17 6.07 ± 1.37 0.272 

Arms fat mass  6.50 ± 2.48 8.71 ± 2.23 8.97 ± 3.12 0.778 

Legs lean mass  14.31 ± 4.19 18.47 ± 1.73 18.62 ± 2.10 0.875 

Legs fat mass  12.50 ± 3.14 16.38 ± 2.41 16.13 ± 2.87 0.149 
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Table 19  DEXA scan results for the cohort pre- and post- the eight-week exercise training 
period.
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 Pre-exercise Post-exercise P value 

N 14 14  

M (lbm) (mg/kg/min) 8.20 ± 3.44 10.02 ±4.33 0.019* 

Fasting PGL (mmol/L) 4.63 ± 0.39 4.62 ± 0.23 0.893 

Fasting Insulin (mU/L) 22.23 ± 16.27 19.40 ± 12.23 0.209 

Total Cholesterol (mmol/L) 3.85 ± 1.30 4.07 ± 0.65 0.937 

HDL (mmol/L) 1.09 ± 0.44 1.13 ± 0.31 0.788 

LDL (mmol/L) 2.18 ± 0.82 2.27 ± 0.66 0.783 

TG (mmol/L) 1.24 ± 0.53 1.42 ± 0.49 0.583 

ALT (mU/L) 26.08 ± 12.22 26.00 ± 14.30 0.969 
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Table 20  Results of blood investigations and M(lbm) for the cohort pre- and post- the eight-
week exercise training period. 
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Figure 1 Line graph of the changes in insulin resistance (M(lbm)) for the each subject 
pre- and post- the eight-week exercise training period. 
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Figure 1 Bar graph of insulin resistance (M(lbm)) for the cohort pre- and post- the 
eight-week exercise period (p<0.05). 

 
 


