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Abstract

Clinical insulin resistance (IR) is commonly seen in the obese adolescent and precedes a
diagnosis of Type 2 diabetes (T2DM). Early detection and management of young people
at risk of T2DM is essential to prevent disease progression and reduce later
cardiovascular complications. Yet, despite greater recognition of clinical IR in youth and
the potential implications for later metabolic health, treatment options are limited to
weight management with a minor role for adjunctive pharmacotherapy. Moreover, the
best activity prescription to optimise metabolic health in these young people remains
unclear. Paediatric weight management programs including aerobic based exercise have
shown improvements in insulin sensitivity (Si) and metabolic profile, with or without
body composition change. Resistance-based training is gaining favour as a safe
therapeutic option as research demonstrates it to be equally effective and possibly easier
to perform in the obese adolescent whose fitness may be decreased. Strength training
may produce benefits to peripheral glucose uptake by regionally increasing lean tissue

mass. However, this remains to be fully explored in adolescents with IR.

This thesis, centred on a randomised controlled trial designed to investigate whether
whole body vibration training (WBVT), a novel resistance exercise could enhance insulin
sensitivity in a cohort of obese adolescents, in addition to a contemporary lifestyle
intervention. To investigate change in insulin sensitivity we used validated proxy
measures including whole body insulin sensitivity (WBISI) and homeostasis model of
insulin resistance (HOMA-IR), measures which can be readily replicated in the clinical
setting. Whilst the primary outcome was change in insulin sensitivity (Si), we also
examined interval change in secondary outcome measures including: anthropometry,

cardiorespiratory fitness and musculoskeletal parameters.



Participants in our study were recruited from tertiary hospital clinics and derived from
Greater Western Sydney (GWS), a multi-ethnic community, with high genetic metabolic
risk. Detailed clinical anthropometry, medical history and examination taken at baseline
confirmed that the obese participants had high-risk ethnicities for the development of
T2DM and the metabolic syndrome. Extended family members who reported a history
of T2DM were more likely to report additional metabolic risk factors as shown in 30.2%
of first and 60.2% of second-degree relatives. Participants had central adiposity as
demonstrated by increased waist circumference and waist to height ratio (WtHR), in the
majority of cases exceeding national adult guidelines '. Adverse anthropometry was
associated with poorer insulin sensitivity, increased weight and BMI. Insulin resistance
was correlated with greater inflammation as measured by hs-CRP. Acanthosis nigricans
(AN) could, in dark skinned individuals, detect biochemical hyperinsulinaemia but was

not a reliable clinical feature in Caucasian participants.

Obesity is not gender specific, yet over two thirds of the VIBRATE participants were
female, with males having the highest body mass index (BMI). This disparity in accessing
healthcare during adolescence mirrors adult trends and may represent cultural, social and
peer influences with regards to the recognition of obesity in young people. The average
fasting insulin within the group was 33.8mU/L and significantly higher than adult cut-off
levels <15mU/L, likely due to the increased weight but also exacerbated by the
physiological changes occurring in puberty. Calculated proxy measures for insulin
resistance showed the group to be highly insulin resistant at baseline with HOMA-IR
7.62 and WBISI 1.74, elevated, when compared to contemporary adult and adolescent
published normative data. Metabolic profile indicators taken at baseline, showed high
prevalence of the metabolic syndrome particularly in pubertal participants, ranging from

23-44% dependent on the definition applied. Early evidence of sexual dimorphism was
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seen with males displaying higher systolic blood pressure (SBP) z score at baseline. The
group demonstrated mild elevation in aspart aminotransferase (AST), which may suggest
early possible hepatic derangements associated with Non Alcoholic Fatty Liver Disease
(NAFLD). Triglycerides (TG), also implicated in the pathogenesis of NAFLD, positively
correlated with alanine aminotransaminase (ALT), more strongly in males. Participants
were inactive with increased sedentary times. Further highlighting the de-conditioning in
these adolescents and not unexpectedly, cardiorespiratory fitness was reduced as

T™

determined by VO2 . Leonardo™ Mechanography, a new technique for analysing

peak*®

functional muscle performance showed lower muscle force and power generation,

indicating that the ability to perform day-to-day activities may be compromised.

Two techniques were employed to assess bone and mineral parameters including areal
bone mineral density analysis with dual energy x-ray absorptiometry (DXA) and
volumetric analysis with peripheral quantitative computed tomography (pQCT). The
impact of early skeletal maturation in the obese adolescent was evident with obese
individuals having higher areal bone mineral density (BMD) and bone mineral content
(BMC) for age but normal values when adjusted for height. The effects of an earlier
puberty, body composition and hormonal changes were demonstrated with females
having a higher BMD and BMC compared to males. The integrity of the muscle bone
unit was confirmed with lean tissue mass being an important predictor of BMD.
Interestingly, increased waist circumference, suggestive of visceral adiposity, negatively
affected both bone mineral content and bone mineral density, suggesting a possible

impact of inflammation on bone accrual.

The VIBRATE randomised controlled trial, confirmed the benefits of short-term

lifestyle intervention in the management of insulin resistance and obesity. With lifestyle
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intervention leading to significant decrease in BMI z score (-0.8 vs. -0.08, p<<0.039) in the
lifestyle and WBVT group respectively, which was associated with significant
improvements in fasting glucose (-0.3 vs. -0.0, p<0.047) and clinically beneficial but non-
significant changes in proxy markers of insulin resistance. WBV'T, despite increasing lean
tissue mass by almost 0.5kg, with demonstrated positive effects to muscle bone
interaction (significant increase in BMD for height) did not lead to enhancements in
glucose homeostasis, demonstrating the complex nature of insulin dynamics particularly
during puberty which is accompanied by physiological changes to Si. There was no
association between bone and mineral turnover markers and energy homeostasis in our
study, though we did see a significant association between low vitamin D levels, dark
skin and greater insulin resistance (higher fasting insulin, lower WBISI and higher
HOMA-IR). Adolescent obesity studies are associated with poor adherence and ours
was no exception, whilst retention to the study was high with a dropout rate of just 2.3%,
the compliance to the WBVT exercise intervention was poor but is likely to reflect real

life challenges in the management of the adolescent with obesity.

This thesis contributes further knowledge about the metabolic characteristics, bone
health, exercise capabilities and musculoskeletal limitations of the obese adolescent. This
information will help to identify and target those individuals at risk of progressing to
T2DM and may aid in the development of an individualised lifestyle intervention to
assist in the transition of the obese adolescent to a more active lifestyle. We confirmed
the role of lifestyle measures in the management of obesity and insulin resistance and
provide further evidence of the safety of WBVT as a possible efficient method of

improving lean tissue mass in adolescents with increased weight.
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1.1 Obesity

1.1.1 Prevalence and trends in obesity

Australian data suggests that 20-25% of young people under the age of 18 can be

3

characterised as overweight or obese’’, with slightly higher rates seen in the United

b
States’ °. Whilst prevalence continues to increase with age in Australian indigenous
children °, data suggests a plateau in child and adolescent obesity rates in Australia ™.

l 10-12

Similarly, other OECD countries have also shown decline in rates of abdomina and

generalised obesity’. In Australian children, Indigenous heritage °, ethnicity and socio-

b

economic status are related to obesity risk ", '* which is expected to increase to almost

one in every three children by 2025 *.

According to the International Obesity Taskforce (IOTF) now World Obesity Clinical
Care (WOCC) definition, 10% of the world’s youth, aged 5-17 years are overweight or
obese, with higher prevalence rates being seen in the developed countries'.
Disconcertingly, two national surveys showed a doubling of the prevalence of obesity
and overweight in Australian children between 1985 and 1995 '. In the United States
(USA), the prevalence of adolescent obesity in the most recent survey 2013-14 was 17%
and extreme obesity 5.8%, since 2003-04 this obesity in adolescents has continued to rise
despite plateauing in younger children'™. The public health issue of overweight is also
increasing in developing countries of the world'’. Worldwide, 110 million children are

affected by overweight "

and 2013 estimates from the World Health Organisation
(WHO), classified 42 million children under the age of 5 years as overweight, three

quarters of these children lived in developing nations, with higher incidences being seen

. 20 . . . . .
in urban areas . Demographic trends in overweight have been seen according to socio-
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21-23 1324 B 2526 :
and parental education . In developed countries,

economic status and ethnicity
lower socioeconomic status appears to confer an increased risk of overweight (and
obesity); this is in contrast to poorer nations where the prevalence is higher in children of
more affluent families ' * **. In the United States, children of Hispanic, African
American (AA) and Native American background display higher prevalence of obesity
compared to white children, confirming this socioeconomic divide * *°. These data

demonstrate the extent of the obesity epidemic both nationally and globally, a greater

awareness of which may halt this upward progression.

Apart from the physical and metabolic morbidity of the condition, weight issues, impact
greatly upon the psychological health of the young person and may compromise social
functioning > **%. Adolescents with increased BMI are at greater risk of depression and

those who are morbidly obese are most vulnerable ** *°

. Therefore, early-targeted
intervention in young people may reduce immediate and long-term physical and

psychosocial sequelae.

1.1.2 Aetiology of obesity

The aetiology of obesity is multi-factorial and remains poorly understood. In simple
terms, overweight and obesity are due to an imbalance in energy intake and expenditure
with the excess energy stored as body fat. This new body weight set point is then actively
defended by a complex neuroendocrine response that leads to changes in metabolism,
decreases in physical activity or increases in appetite. This phenomenon has been
demonstrated in adults where resting metabolic rate and total energy expenditure

decrease to counteract dietary weight loss 7.
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Appetite, satiety and energy balance is mediated by a complex array of neuroendocrine
mediators within the hypothalamus and higher brain centres. The obese state leads to
changes in regulatory hormone release from the pancreas, adipose tissue, gastrointestinal

system and the brain **,

In addition to other hormones, adipose tissue secretes leptin, an anorexigenic hormone,
with multi-fold effects leading to increased satiety and energy expenditure and decreased
appetite and food intake. The amount of leptin secreted is in direct proportion to the
amount of fat tissue, however with well-established obesity, a state of leptin resistance
develops. The gastrointestinal system is the source of additional anorexigenic hormones,
including: obestatin which influences gastrointestinal motility, food intake and metabolic
processes; peptide YY (PYY) which influences the secretion of neuropeptide Y from the
hypothalamus and glucagon like peptide (GLP-1) which acts in the pancreas to increase
insulin and decrease glucagon secretion. Ghrelin is the main orexigenic hormone secreted

by the gut, it has an antagonistic effect to ghrelin leading to increased hunger .

Environmental and individual factors also play a role in the development of obesity.
Individual risk factors associated with obesity include: nutritional intake with increased
consumption of energy dense foods, genetic predisposition, ethnicity, medical conditions
and medications. Secular trends leading to decreased physical activity and an increased in
sedentary activities such as television viewing also contribute to reduced energy
expenditure '*. Increasing the duration and quality of sleep **, decreasing energy intake
and increasing physical activity are modifiable risk factors to prevent overweight in later
childhood *. Although single gene mutations may lead to significant obesity in isolation
or in the context of an inherited genetic syndrome, they account for less than 1% of

obesity referrals .
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There is rising interest in the role of endocrine disrupting chemicals (EDCs) and their
putative role in the development of obesity as shown in Figure 1.1. These products
coined as “obesogens” are commonly found in the environment with exposures
occurring through ingestion, dermal absorption or inhalation. Obesogens such as
Bisphenol A (BPA) and phthalates, present in plastics can leach out to produce
endocrine disrupting effects in humans affecting metabolic pathways for both glucose
and fat homeostasis leading to T2DM and obesity. Epigenetic changes that occur
through the ingestion or absorption of chemical may be combining to increase obesity

43-45
prevalence rates .

Synergistic efffects
of exposure to
multiple chemicals

In utero and
developmental
exposure effects

Bioaccumulation
effects

Transgenerational Dose response U
epigenetic shaped or inverse U
inheritance shaped

Figure 1.1 The actions of endocrine disrupting chemicals (EDCs)

The possible actions of endocrine disrupting chemicals (EDCs) in the pathogenesis of human obesity

Adapted from Stojanoska e a/ 1
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An “obesogenic” environment that is, an environment conducive to overweight and
obesity is thought to provide a catalyst for the phenotypic expression of overweight and
obesity in individuals with and without a genetic predisposition. The global trend toward
a more sedentary lifestyle along with a change in dietary patterns is thought to be the

overriding influence in the worldwide development of overweight and obesity .

Other prenatal and early life factors that may influence the development of obesity
include the intrauterine environment, birth size, rapid weight gain during infancy and
early rebound of BMI ** ¥ %, Excessive weight gain during pregnancy is positively
associated with heavier birth weight and increased BMI at 2 and 8 years of age. Maternal
diabetes in pregnancy is also associated with heavier birth weight and the development of
obesity in childhood . Further studies in Australian children have confirmed the role of
pregnancy related factors including maternal smoking, large birth weight as well as single
child status”. Placental weight may mediate some of these maternal factors >
Socioeconomic factors such as low parental education and SES level have been shown to
influence early childhood obesity rates and may contribute to the above demographic

52 53 26

trends . Parental obesity, particularly that of the mother may also increase the

obesity risk of Australian children > *°

. Furthermore, lack of parental recognition of
obesity and risks to the child may also contribute to high prevalence rates ***". These data

reveal that whilst the problem of childhood obesity is multifactorial and complex, there

are many potential areas for intervention including lifestyle modification.

1.1.3 Measurement of overweight and obesity in adolescents

An ideal clinical tool for the assessment of body fatness in young people has not yet been

developed . Furthermore, a general consensus for the measurement of adiposity has
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not been reached and there are wide variations across the world, resulting in difficulties
in the definition of obesity. This lack of standardisation makes it difficult to quantify the

16 60
>, The assessment of

global impact of the condition and to establish worldwide trends
body fatness in the paediatric cohort relies on indirect measures of adiposity such as
anthropometry. In research settings, a more direct analysis of body composition with
tools such as dual energy x-ray absorptiometry (DXA) or underwater weighing may be
possible however, these gold standard measures require specialised equipment and
personnel rendering them costly and impractical for day to day clinical use. Indirect

measures that include anthropometry have greater clinical utility and can be easily applied

by health professionals .

1.1.3.1 Indirect Measurement of Adiposity

Several indirect measures of adiposity are available including Body Mass Index (BMI),
waist circumference (WC), waist-hip ratio, waist-height ratio (WtHR) and skinfold
thickness. Only BMI, WC and WtHR will be discussed as these techniques are employed

in the VIBRATE research study.

a. BMI

The BMI is a calculated ratio and is used as a proxy measure of body fatness. The BMI is
calculated by dividing the weight of the child in kilograms (kg) by the height of the child
in metres’; the result is a numeric value with units of kg/m® It has greater applicability in
the adult population, where well-defined cut-off thresholds exist for normal, overweight,
obese and morbid obesity. In adults, a higher BMI is associated with increased risk of

cardiovascular health problems * *

similar trends for childhood obesity have not been
clearly proven “. In Caucasian adults, a BMI greater than 25kg/m?’ is characterised as

overweight and a BMI over 30kg/m” is classified as obese. However, these definitions

may not be appropriate for all ethnic populations, for example in Asian populations, a
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BMI of 23kg/m® and 25kg/m’ for overweight and obesity respectively, may better
characterise individuals at metabolic risk given marked variations in body composition

16 62 67
*%°". The percentage of

and increased genetic susceptibility to the metabolic syndrome
body fat varies with gender, race (different distribution of body fat) and pubertal status
and therefore the assessment of body fatness using BMI may not provide a true

representation of total body fat in all populations * .

To determine if an adolescent is overweight, the calculated BMI should be plotted on an
age and gender specific population reference standard. There is no local reference
standard in Australia and therefore the BMI for age percentile charts from the US
Centers for Disease Control and Prevention (CDC) have been adopted for routine
clinical use "'. A BMI that lies above the 85" centile classifies the child as overweight; if
the ratio is greater than 95" centile an adolescent can be considered obese ' *. BMI

assessment can be performed for children aged 2-18 years using these charts.

b. Waist circumference

The WC is an easily obtained, non-invasive, surrogate measure for central adiposity and
correlates well (R>0.8) with similar measures of truncal fat obtained using DXA. It
provides good reliability, with low inter-observer error . Waist circumference is also a

7274

strong proxy measure for visceral fat in children and adults. The regional distribution

of adiposity confers additional risk and increased WC is often associated with adverse

metabolic profile ” 7.

The WC may also provide clues to adverse lipid partitioning and associated
intramyocellular lipid (IMCL) and intrahepatic lipid (IHCL) lipid deposition ™. It has a

recognised correlation with visceral adipose tissue deposition (R* =0.64)*. In adults,
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visceral adiposity has been associated with increased metabolic risk™ **. In contrast, in
children the association between visceral fat and metabolic risk is still to be determined

but it is likely to parallel those seen in adults 7 7*** 7

. The WC can independently predict
decreased insulin sensitivity (Si) and it may be a strong predictor of the more
metabolically adverse visceral fat component in children * and adults *. Waist
circumference may also prove better than BMI z score in predicting cardiovascular risk
as demonstrated in studies of Australian ” and Greek-Cypriot children ”*. Watts et a/
showed that children with a WC > 90" centile * had increased cardiovascular risk. An
increased waist circumference may identify children with high metabolic risk to a greater

extent that BMI measurement as it better represents visceral adiposity ™.

There is a lack of reference standards for waist circumference that can be partially
overcome by the use of the waist to height ratio (WHtR). This measure is easy to
calculate and provides an individual with clinical feedback about metabolic risk. It is
calculated by dividing the waist circumference in centimetres (around a well-defined
reference point e.g. umbilicus or midpoint between the costal margin or ileal crests) by
the height of the adolescent in centimetres. A waist to height ratio = 0.5 has been shown
to correlate with cardiovascular disease risk (CDR) clustering in young people *°". More
recently however, some have suggested age specific cut off values for WHtR are
preferable in the growing child ” . An elevated WHtR was superior to BMI
measurement in assessing cardiovascular risk factors ™. Similarly, cross-sectional data
from the Bogalusa Heart Study demonstrated CDR clustering with increased waist
circumference. This study showed children with an android distribution of adipose tissue
had higher fasting insulin levels and adverse lipid profiles, independent of race or
gender”. In the clinical setting, the simple message “keep your waist circumference to

less than half your height”” ™ is readily understood, provides immediate feedback to the
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family and young person and provides a tool to monitor progress. Whilst BMI is useful
to measure overall body fatness, it is clear that centripetal adiposity is related to CDR in
both adults 7 and children ™*°' and therefore the measures of WC and WtHR may allow

better characterisation of childhood metabolic risk.

1.1.3.2 Direct measures of adiposity

Bioelectrical impedance analysis (BIA), Dual energy x-ray Absorptiometry (DXA),
Magnetic resonance imaging (MRI), Computerised axial tomography (CT) and
underwater weighing are research tools for evaluation of adiposity. They are costly and
require specialised personnel . DXA was the only direct measure of adiposity employed

in the VIBRATE study and is discussed further.

a. Dual energy x-ray absorptiometry (DXA)

DXA is a useful tool to measure total and regional body composition and provides a
direct measure of adiposity in the research setting. A DXA scan can provide information
about total and regional fat, fat free mass and bone mineral compartments. The method
relies on the variable attenuation of low dose x-ray radiation passing through each of
these body compartments, which is recorded by specialised software. In addition to low
radiation exposure, the scan is relatively easy to perform and has good accuracy and
reproducibility. The DXA scanning bed has an upper weight thus limiting the ability of
severely obese adolescents to be assessed via this method. Further limitations include an
underestimation of percent body fat in the obese adolescent when compared to the

4-compartment method (divides the body into fat, water, protein and mineral.) ** In the
growing adolescent, changes in the hydration and density of lean tissue may affect
analysis of DXA ” . Small changes to body composition seen during short-term

intervention trials may not be accurately detected by this method '™ "',
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1.1.4 Complications of obesity

Obesity and overweight have significant impact on many systems of the body »,'””. This

b

literature review will focus on the development of the endocrine complications of insulin
resistance, its involvement in the metabolic syndrome and the development of T2DM.
The musculoskeletal effects of obesity will be briefly examined along with the possible

role of bone as an endocrine organ with putative influences on insulin sensitivity.

1.1.4.1 Obesity and the metabolic syndrome

In the seminal Banting Lecture, Reaven first described the “metabolic syndrome” as a
constellation of metabolic risk factors that heighten an individual’s risk for diabetes and

cardiovascular disease (CVD) '". This syndrome has also become known by a variety of

2 (13
bl

other names including “insulin resistance syndrome”, “syndrome X and the “multiple

metabolic syndrome”.

Cardiovascular risk factors such as dyslipidaemia, hypertension (HT), abdominal obesity
and insulin resistance/ glucose intolerance are increased in obese individuals. These
adverse cardiovascular indicators are also key defining elements of the metabolic
syndrome. Obesity often precedes the development of the metabolic syndrome and

insulin resistance. Presence of metabolic risk factors may predict glucose response in pre

104

and post pubertal children The atherosclerotic process, a cardinal feature of

cardiovascular disease has been shown to be present in youth with the metabolic

(

syndrome '”. Carotid femoral pulse wave analysis, a measure of arterial wall stiffness, is

6

reduced in children who have increased BMI and central adiposity '* and insulin

107

resistance . Atherosclerosis, HT and adverse lipid profile predisposes the young person

to increased CVD. ' ' Furthermore, in obese adolescents, the pre diabetic state is

109

already associated with reduced cardiovascular function™ . Adolescent males with
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elevated BMI within the top 10" centile are 7 times more likely to develop coronary heart
disease at age 25-45 years, than counterparts who are in the lowest 10" centile of the
BMI charts. The excess cardiovascular risk is present even within the normal range,
rising 12% for every unit increment in the BMI ®. As the weight of an individual
increases, there is a concomitant increase in risk of developing a risk factor for
cardiovascular disease, with half of overweight adolescents having a least one

110

cardiovascular risk factor . This suggests that an elevated BMI in childhood contributes

independently to the risk of later CVD.

Although influenced by many modifiable ‘obesogenic’ environmental factors, metabolic

risk, may also be pre-determined by intrauterine factors including; maternal gestational

111 112 49 113

diabetes , intrauterine growth retardation , genetic and ethnic specific factors.

Nutritional influences such as infant feeding and the development of early adiposity

rebound may also contribute to metabolic risk in later life ""* ",

There exists much confusion regarding the definition of the metabolic syndrome in the
adult population, making it difficult to gauge global estimates of metabolic syndrome
prevalence. In 2001, the National Cholesterol Education Program Adult Treatment Panel
I (NCEP ATPII) '° guidelines were released as a tool to allow clinicians to classify
adults with the metabolic syndrome. It is difficult to adapt an adult definition to the
paediatric population as metabolic indicators such as blood pressure; lipid profile and
growth parameters are highly variable with age. In addition, the advent of puberty causes
body composition change that confers a physiological decrease in insulin sensitivity. This
necessitates the use of age, gender and pubertal specific values rather than single cut-off

thresholds "' %,
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As no consensus guidelines for the metabolic syndrome in children exist, adult guidelines
had been modified for use in the paediatric population with age specific limits. Cook ez a/
reported that 6.8% of overweight adolescents and 28.7% of obese youngsters were
defined as having the metabolic syndrome '’; suggesting that the degree of overweight is
an important factor in the development of the metabolic risk. Data from the National
Health and Nutrition Examination Study (NHANES) 1999-2000 showed a slight
increased overall prevalence in the metabolic syndrome in adolescents from 4.2% to
6.4% from the previous NHANES study conducted in 1988-1992 . Similar to Cook ez
al'”, they found 32.1% of individuals with BMI>95" centile could be classified with the
metabolic syndrome. Shaibi ¢ 2/ examined the prevalence of the metabolic syndrome
using three different published definitions of the metabolic syndrome and discovered
aggregations of risk factors consistent with the metabolic syndrome in 25.7%-39%
depending on which definition was applied '*'. Various definitions of the metabolic

syndrome in children and adolescents may be seen in Table 1.1.
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Table 1.1 Definitions of the metabolic syndrome in children

Table 1. A range of the published metabolic syndrome definitions in pediatrics

Cook et al. (14) da Farranti &t al. (42)
Three or more of the following
Fasting glucose =110 mg/fal Fasting glucose
=6.1 mmollL
(=110 mg/dL)
WC >00th percentile (age WC =75th percentile
and sex specific,
MNHAMES 111}
Triglycerides >110 mg/fdL
(age specific, NCEP)

Trighycerides >1.1 mmoliL
(=100 mgJ/dL)

SOE-6EZ -8 LO0Z SHSGET MIBDay

HOL-C <40 mgidL (all
ages/sexes, MCEP)

HOL-C <1.3 mmolil
(=50 mg/dL)

Blood pressure =90th
percentile (age, sex and
height specific,
NHBPEF)

Blood pressure =20th
percentile

Cruz et al. (15)

Impaired glucose
tolerance (ADA criterion)

'WC >90th percentile (age,
gax and race specific,
MHANES 111}

Triglycerides >90th
percentile (age and sex
specific, NHANES 1ll)

HOL-C <10th percentile
(age and sex specific,
MHANES 111)

Blood pressure =90th
percentile (age, sex and
height specific,
NHBPEP)

Weiss et al. (13)

Impaired glucase
tolerance (ADA criterion)

BMI - Z score >2.0 (age
and sex specific)

Triglycerides =85th
percentile (age, sex and
race specitic, NGHS)

HOL-C <5th percentile
(age, sex and race
specific, NGHS)

Blood pressure =95th
percentile (age, sex and
height specific,
NHEPEP)

Ford at al. (41)

Fasting glucose =110 mg/
dL (additional analysis
with 100 mg/dL)

WC >00th percentile (sex
specific, NHANES IIl)

Triglycerides >110 mg/dL
(age specific, NCEP)

HOL-C <40 mg/dL (all
ages/sexes, NCEP)

Blood pressure =90th
percentile (age, sex and
height specific,
NHEBPEP)

ADA, American Diabetes Association; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; NCEP, Mational Cholesterol Education Program; NGHS,
Mational Growth and Health Study; NHBPEP, National High Blood Pressure Education Program; WC, waist circumference.

This table is taken from %

In an attempt to clarify the situation, the International Diabetes Federation (IDF)
proposed a consensus definition of the metabolic syndrome in children in 2007,
incorporating clinically relevant metabolic profile indicators in children '** (Table 1.2).
The definition clarified aspects of the metabolic syndrome in children aged 10 years and
older; adult guidelines may be applied to adolescents aged > 16 years '. Abdominal
adiposity is central to the IDF definition of the metabolic syndrome in both adults and
children. A further two or more metabolic profile indicators including: elevated
triglycerides (T'G), low levels of high-density lipoprotein cholesterol (HDL-C), increased
blood pressure (BP), and elevated plasma glucose are also required to diagnose the

metabolic syndrome in childhood '**.

Adverse metabolic profile indicators persist from childhood into young adulthood '**.
The Fels longitudinal study confirmed this tracking phenomenon by showing that
elevated WC in boys was associated with increased WC as an adult and heightened
metabolic risk. They also demonstrated a sexual dimorphism with regard to metabolic
risk. The divergence of risk was different for boy and gitls, occurring earlier in childhood

for boys and later during puberty for girls '>.
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Table 1.2 IDF definition of the metabolic syndrome in children

Table 2. The IDF dafinition of the at risk group and matabolic syndroma in children and adolescents

Age group (years) Obasity (WC) Triglycerides HDL-C Blood pressure Glucosae
6--<10t =>90™ percentile
10-<18 >90" percentile or adult  >1.7 mmoliL <1.03 mmol/L Systolic BP =130 or FPG =5.6 mmol/L
cut-off if lower (=150 mg/dL) (<40 mg/dL) diastolic BP >85 (100 mg/dL)* or
mm Hg known T2DM
16-+( Adult WC > 94cm for Europid 1.7 mmolfl <1.03mmolfl Systolic BP =130 or FPG =56 mmoifl
criteria) males and > 80cm for (=150 mg/dL) or (=40 mg/dL) in males diastolic BP =85 (100 mg/dL)"* or
Furopid females, with specific treatment for and <1.29mmol/l mm Hg or treatment of known T2DM
ethnic-specific values high triglycerides (<50 mg/dL) in females, previously diagnosed
for other groups*) or specific treatment for  hypertension
low HDL

BP: blood pressure; HDL-C, high-dansity lipoprotein cholesterol; FPG, fasting plasma glucose; IDF, International Diabetes Federation; T2DM, type 2 diabetes mellitus;
WC, waist circumference.

*For those of South and South-Fast Asian, Japanese, and ethnic South and Central American origin, the cutoffs should be >90 cm for men, and >80 cm for women. The
IDF Consensus group recognise that there are ethnic, gender and age differences but research is still needed on outcomes to establish risk.

tMetabolic syndrome cannot be diagnosed, but further measurements should be made if there is a family history of metabolic syndrome, T2DM, dyslipidemia,
cardiovascular disease, hypertension and/or abesity.

“*For clinical purposes, but not for diagnosing the MetS, if FPG 5.6-6.9 mmol/L (100-125 mg/dl) and not known to have diabetes, an oral glucose tolerance test should
be performed.

Diagnosing the metabolic syndrome requires the presence of central obesity plus any two of the other four factors.

This table is taken from '*

1.1.4.2 Obesity and insulin resistance

A direct relationship between obesity and insulin resistance has been shown in adults and
children'” ", Overweight individuals are more likely to have elevated fasting insulin
levels due to resistance of insulin hormone action in the body which results in higher
circulating levels of insulin and the development of hyperinsulinaemia'”. Insulin
resistance is a precursor to the development of pre-diabetes, including impaired fasting
glucose (IFG) and impaired glucose tolerance (IGT) that may progress to T2DM ' ',
An obese state, independent of the presence of insulin resistance can lead to B cell
dysfunction, with elevated 2 hour glucose levels within the normal range seen during oral

glucose tolerance test in obese children and adolescents "'

In the USA, the prevalence of pre diabetes and T2DM in US adolescents increased from
9% to 23% trom 1999-2008 but other factors associated with the metabolic syndrome

110
. These rates are

such as hypertension and adverse lipid profile remained stable
comparable to adults where 8.3% of the population has been diagnosed with T2DM and

many more are still undiagnosed . A recent study has shown that during mid-
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adolescence, progression from normoglycaemia to pre diabetes occurs at a rate of 1% in

a random selection of the population ',

1.1.4.3 Obesity and the musculoskeletal system

Children with obesity are at risk of orthopaedic side effects such as slipped capital
femoral epiphyses, tibia vara, pes planus and scoliosis of the spine * ' In addition,
overweight may also influence the mechanical properties of bone with alterations in bone
mineral density (BMD) and bone mineral content (BMC). In children, there are opposing
viewpoints with regard to the effect of increased body mass index on bone parameters. A
cross sectional study by Goulding e @/ showed that overweight and obese children had
reduced BMC and areal BMD for weight when compared to normal weight controls.
This unexplained difference resulted in up to 10% less BMC and bone area in obese
adolescents for body weight. One possible explanation for this mismatch between BMI
and bone may relate to a delay in bone development and growth during a period of rapid
weight gain . Overweight children are more likely to present with fractures with an
increased odds ratio of 4.5 compared to healthy weight counterparts ' . The increased
fracture risk may be explained by altered bone structure and increased force experienced
during a fall. Poor balance in the obese child may predispose them to increased falls 7",
However, other studies have demonstrated the positive effects of obesity '** secondary to
increased fat derived hormones '°. The above findings have important implications for
integrating overweight children into physical activity given possible disruption to bone
properties and an increase fracture risk.

In contrast to children '*

, studies in adults have mostly shown a protective effect of
increased BMI on fracture risk with a positive correlation between weight and

osteoporosis, BMD and fracture risk '*'"'*. Furthermore, the positive influence on BMD
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may be related to independent changes in fat and lean body mass. It remains unclear

whether lean tissue or fat mass or both influence the apparent differences in BMD.

1.1.5 Strategies for the prevention and management of overweight

The prevention of overweight needs to commence in early life with public health
strategies facilitating change in the “obesogenic” environment and modifying behaviours
at the individual and family level. The environment, family and peer influences play key
roles in the development of obesity and overweight '** '". Therefore, intervention
programmes aimed at reducing the problem of childhood overweight and obesity must
mutually consider these factors. It is often difficult to extrapolate results from research
studies to real life because children often achieve weight loss under the ideal conditions
of a clinical trial. In real life however, many of these weight loss goals are not met often
due to poor adherence. Recruitment challenges and high dropout rates are characteristic

1

of clinical trials involving overweight adolescents . This is likely due to intrinsic

characteristics of the patient population, including poor mood and lack of self-esteem™ s,
There are often psychosocial difficulties and economic constraints inherent that make

management more difficult 1350,

At the family level, supporting parenting skills, educating parents and promoting
breastfeeding may be useful to prevent excessive weight gain in infancy and the
preschool years . In an RCT of 12 months duration, Golley ef a/ showed young children
aged 6-9 years whose parents were involved in intensive lifestyle and parenting skills
courses, had a 10% reduction in BMI z-score compared to 5% decrease in the parenting
skills alone and control groups '*". This and other studies suggest a family focused
intervention may be more successful for weight management. Adolescents whose parents,

particularly mothers, have poor levels of education appear vulnerable to obesity ***'*,
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Therefore targeting mothers for further education<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>