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Abstract

In recent years the prevalence of obesity, physical inactivity, sedentary behaviour and
low cardiorespiratory fitness in Western countries has increased rapidly. These
variables are independently associated with cardiovascular disease risk and/or mortality.
Atherosclerosis begins in childhood and endothelial dysfunction is its earliest detectable

manifestation. Endothelial dys/function can be quantified using flow mediated dilation
(FMD).

The primary aim of this thesis was to investigate childhood associations between
endothelial function and a range of modifiable and non-modifiable CV risk factors. We

sought to provide novel information regarding relationships between physical activity,
sedentary behaviour, body composition, cardiorespiratory fitness and the heritability of
endothelial function. In addition, we sought to explore the issue of the scaling of
vascular outcomes for body size and composition.

Study one (Chapter 4) addressed the question of scaling, by evaluating the efficacy of
scaling vascular dimensions and FMD for different body composition variables using
allometric and ratio procedures, with the aim of producing size independent vascular
indices. Our data indicate that, if between-group comparisons of baseline brachial artery
diameter are to be undertaken, appropriate, allometric scaling for measures of lean or
total mass may need to be adopted. The application of such scaling to FMD data is

debatable as the associations between FMD and body composition variables were very
weak. We therefore concluded that the adoption of scaling FMD for body composition
variables cannot be advocated until further research has been undertaken.

Studies 2 and 4 (Chapters 5 and 7) assessed cross-sectional relationships between FMD
and modifiable CV risk factors in young people. We examined associations between
FMD and objective measurements of body composition, cardiorespiratory {fitness,
physical activity levels and sedentary behaviour. We observed a weak association
between percentage body fat and FMD and no further relationships across cohort.
However, depressed endothelial function was significantly related to, and predicted by
high intensity physical activity. The relationship between FMD and high intensity PA
was further reinforced by the findings from studies 3 and 4 (Chapters 6 and 7), which
aimed to address the issue of seasonal variation in FMD and determine its predictors.
The studies demonstrated that seasonal decline in vascular function was associated with,
and predicted by, a change in high intensity PA but no other variables. These findings
demonstrate, for the first time, that high-intensity PA may be an important determinant
of vascular dys/function in children. The ramifications of these findings are that
interventions aimed at improving vascular health in children may need to be refocused
to bring about a progressive increase in physical activity, specifically high intensity
physical activity, rather than reducing obesity or sedentary time per se.

Finally, studies 5 and 6 (Chapters 8 and 9) utilised a classic twin study design to explore
the role of genetics in the modulation of FMD. Through the comparison of intra-twin
patr differences in mono- and di-zygotic twins, we were able to provide information
relating to the genetic influence on FMD and calculate a heritability estimate. We
concluded that, although a one-off measurement of endothelial function is under some
level of genetic control, environmental factors may have a larger influence in the
determination of FMD in young people (study 5).




In study 6, twins undertook 8 weeks of aerobic exercise training. In this study, intra-
twin differences in the adaptation of FMD were compared to changes in other variables.
The results highlighted a greater similarity between MZ twins than DZ twins in the
change in FMD, suggesting that exercise-induced improvements in FMD may be highly
genetically determined.

Taken together, the findings of this thesis infer that, whilst a genetic predisposition to
endothelial dysfunction may exist, interventions that aim to increase high intensity
physical activity have the potential to enhance vascular health in young people at risk of
endothelial impairment and future development of atherosclerotic diseases.
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1 Introduction

Cardiovascular risk in young people

In recent decades cardiovascular disease mortality has increased rapidly and CVD is
now the leading cause of death in high and middle income societies (WHO 2004).
Perhaps more concerning, however, is the rate at which CVD mortality and morbidity is
Increasing in developing countries such as China and Japan. The rapidly increasing
prevalence of CVD and its co-morbidities has been the stimulus for experts to make
some bleak predictions for the future. Hossain et al. (Hossain et al. 2007) have

concluded that there is set to be a global explosion of type 2 diabetes worldwide with a

150% increase in some Asian countries by 2030. Furthermore Olshansky et
al.(Olshansky et al. 2005) have suggested that unless obesity is dealt with at a

population level, life expectancy will actually decline for the first time in decades.

Manifestations of CVD usually occur during mid-to-late life, however overt indications
of CVD are preceded by a long preclinical phase, which has its origins in childhood.
Stary et al. (Stary 1989) examined the aortas and coronary arteries of 1160 subjects who
died between full term birth and 29 yrs. They reported that, by the age of 12-14 yrs,

65% of children already presented with a substantial accumulation of foam cells

accompanted by lipid droplets and extracellular lipids. Isolated macrophage foam cells
were found in 45% of infants aged <8 months. Numerous studies have since reported
that the prodromal stages of atherosclerotic disease occur during fetal development
(Napoli et al. 1997; Palinski and Napoli 1999). Although prenatal events play a role in
the development of atherosclerosis, disease progression is also partially determined by a
range of post-natal modifiable environmental risk factors. For the purposes of this thesis

we will focus on relationships between obesity, cardiorespiratory fitness, physical



activity, sedentary behaviour and the early stages of atherosclerosis during childhood

and adolescence.

It is estimated that globally 155 million children that are overweight/obese, of which

around one-seventh are aged <5 years old (Deckelbaum and Williams 2001; Hossain et
al. 2007). The presence of obesity during childhood has ramifications for adult health.
Previous studies have illustrated that both adiposity level (Srinivasan et al. 1996) and
BMI (Janssen et al. 2005) during childhood are predictors of obesity, metabolic

conditions and coronary heart disease (CHD) in adulthood. Childhood obestty 1s
associated with co morbidities such as hypertension, dyslipidaemia, glucose intolerance

and insulin resistance, all of which have been identified as independent risk factors for
atherosclerotic disease. Presence of these risk factors during childhood leads to

increased risk for adult cardiovascular disease (Khan et al. 2003). Indeed Mossberg et
al. reported that childhood obesity is associated with increased cardiovascular mortality

regardless of adult weight (Mossberg 1989).

Participation in regular physical activity is greater in children than adults, however; in
the UK one-third of children aged between 2-11 years do not achieve the recommended

target of 60 minutes of at least moderate physical activity/day, and ~17% {fail to achieve
even 30 minutes of moderate physical activity per day (Sproston and Primatesta 2003).
Limited physical activity in youth predisposes to developing an inactive lifestyle later in
life (Malina 1996; Telama et al. 1997). Low physical activity early in life is also
associated with a less favourable CV risk factor profile (Pate et al. 1995). A dose
response relationship is evident between PA and CHD (Berlin and Colditz 1990;
Francis 1996; Whaley and Blair 1995) and physical inactivity is associated with many

known CHD risk factors including increased blood pressure and decreased high density

3



- lipoprotein-cholesterol (HDL-C). Furthermore, PA appears to modulate CHD incidence

independent of CV risk factor modification (Green et al. 2008).

There are currently no definitive guidelines on the acceptable daily amount of sedentary

behaviour (SB), however recent research suggests that 30% of children in the UK are
watching television to excess (>4hours per day) (Samdal et al. 2007). Recent evidence
in adults suggests that each 1 hour increment of TV viewing per day was associated
with an 18% increase in CV mortality risk, and those who watched >4 hours per day

had an 80% increase in the risk of CVD mortality compared to those watching <2 hours
per day. In children, SBs have been associated with obesity, insulin resistance and blood

pressure (Ekelund et al. 2007), however there is no evidence directly linking SB to

markers of CVD in youth.

With reduced PA and SB, levels of fitness in young people have declined concurrently.
Tomkinson et al (Tomkinson and Olds 2007) conducted a meta-analysis examining data

from ~25.5 million 6- to 19-year olds between 1958 and 2003. A decline of 0.36% per

annum 1n maximal aerobic field running tests was observed. Stratton et al. (Stratton et

al. 2007) suggest that children’s fitness levels are declining consistently across all

fitness categories regardless of BMI status. Poor cardiorespiratory fitness in childhood
1s related to increased body fatness (Eisenmann et al. 2005), metabolic syndrome (Brage
et al. 2004) and numerous CV risk factors (Farrell et al. 1998). Furthermore, in adults,
low cardiorespiratory fitness level is associated with premature all cause and CVD

mortality (Lee et al. 1999).
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The importance of the vascular endothelium
The vascular endothelium is collectively recognised as a large endocrine organ
responsible for the maintenance of vascular tone, regulation of platelet aggregation,

coagulation and fibrinolysis through the secretion of numerous substances. Critically, a

normally functioning endothelium mediates anti-atherogenic properties that protect
against vasoconstriction, smooth muscle cell growth and intlammatory responses
(Davignon and Ganz 2004). When endothelial dysfunction is present, the endothelium
may adopt a phenotype that facilitates inflammation, thrombosis, vasoconstriction and
atherosclerotic lesion formation. Dysfunction of the endothelium is a sentinel event in
the progression of atherosclerotic disease. It precedes the clinical manifestations of

CVD and is present in young children who have CVD risk factors (Celermajer et al.

1992).

Nitric oxide bioactivity is used as a surrogate marker of endothelial dys/function and
can be measured non-invasively using flow mediated dilation (FMD) (Celermajer et al.

1992). This method involves direct imaging of large conduit arteries and assessment of

arterial diameter. Numerous studies have demonstrated a close relationship between
peripheral endothelial function and coronary artery function (Anderson et al. 1995;
Takase et al. 2005; Takase et al. 1998), leading researchers to conclude that FMD in
brachial arteries can be used as a surrogate measure for coronary artery endothelial
function. In addition FMD is strongly and independently related to cardiovascular risk
and mortality in patients with CVD (Gocke et al. 2002b; Wang et al. 2009), peripheral
vascular disease (PVD) (Brevetti et al. 2003; Gocke et al. 2003), CAD (Chan et al.
2003) and chronic heart failure (Meyer et al. 2005). In healthy older adults FMD
provided additional prognostic information to traditional CV risk factors (Yeboah et al.

2007).
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Evidence suggests that endothelial dysfunction is an integral mechanism in the early
stages of atherosclerotic disease, as the loss of the protective effect of the endothelium

and NO facilitates atherogenesis. However endothelial dysfunction is reversible and

numerous interventions that modify CV risk factors, or reduce CV morbidity and
mortality, concomitantly improve endothelial function (Maiorana et al. 2003). These
risk factors include aging, all traditionally accepted CV risk factors (Celermajer et al.

1992) and genetic factors (Benjamin et al. 2004).

The presence of traditional cardiovascular risk factors during childhood is related to
impairment of FMD. Hypercholesterolemia, obesity and type 2 diabetes mellitus
(Aggoun et al. 2005) and smoking are associated with endothelial dysfunction

(Celermajer et al. 1992). Although the relative contribution of each of these risk factors
is unknown, all have been independently associated with impaired FMD. The precise
cause of the endothelial dysfunction is often difficult to identify as children may present
with more than one of these risk factors, however numerous mechanisms have been

implicated in the development of dysfunction, these include increased inflammation,

oxidative stress and altered glucose metabolism (Raitakari et al. 2004).

The role of genetics in the determination of endothelial health is poorly defined. Little
research has been undertaken to assess the relative genetic and environmental
contributions to measures of vascular function. In adults, there is large variation in the
heritability estimates that have been calculated for FMD, which range from 0.14 to 0.39
(Benjamin et al. 2004; Jartti et al. 2002; Zhao et al. 2007). These data imply that FMD
may be weakly-to-moderately influenced by genetics. However, no study has sought to

examine the impact of interventions such as exercise training on the heritability of

6
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changes in FMD. Furthermore, there are currently no data that examine the genetic

contribution to FMD during childhood or adolescence.

The beneficial effect of exercise training on endothelial function in clinical populations

of adults 1s relatively clear (Green et al. 2003). Less evidence of the beneficial effect of

exercise 1s available in paediatric populations who are at high future CV risk. Although
numerous studies have confirmed that obesity induced endothelial dysfunction can be

normalised through supervised exercise training in both children and adolescents
(Meyer et al. 2006; Watts et al. 2004a; Watts et al. 2004b; Woo et al. 2004), there are
limited data examining the role of exercise training in other CV risk populations of this
age group. Additionally, studies undertaken in healthy paediatric populations indicate
that daily leisure time PA could be an important mediator of endothelial health (Abbott

et al. 2002; Pahkala et al. 2008). The relationships between FMD, SB and fitness are yet

to be explored in children.

Summary

In summary, attenuation of FMD is evident in subjects, including children, with CV risk
factors such as smoking, obesity, diabetes and hyperlipidemia. Endothelial dysfunction

can be normalised by interventions, including exercise training, that modify CV risk
factors. Yet, there are large gaps in the paediatric literature pertaining to the interaction
of factors such as genetics, PA, SB and fitness level with FMD.

The general aim of this thesis is to provide evidence in these areas, where knowledge is
lacking, whilst the specific aims are:
1. To address the issue of scaling vascular outcomes for body size/composition

components 1n children



To explore the associations between FMD and body composition,

cardiorespiratory fitness and physical activity using a cross section of

healthy children.

. To determine whether FMD is affected by seasonal variability, and assess

the associations with seasonal changes in body composition and physical
activity in healthy children.

To investigate the basal association between FMD and sedentary behaviour,
and address the question of whether change in sedentary behaviour 1s related

to change in endothelial function in healthy children.

Using a classic twin study design, assess the heritability of FMD in healthy
children.

To determine the heritability of the change in FMD in monozygotic and

dizygotic twins in response to 8 weeks of high intensity, gym based exercise

training.
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2 Literature review

In recent years cardiovascular diseases (CVD), including coronary heart disease (CHD),

cerebrovascular disease and stroke, have become the leading causes of death in high and

middle income societies (WHO 2004, figure 2.1), whilst CVD mortality rates in
developing countries are rising rapidly. Worldwide, 18 million people die from CVD
per annum (Hossain et al. 2007). Atherosclerosis is the progressive disease that
precedes overt CVD. It is characterized by vascular inflammation and infiltration of
lipids, cholesterol, calcium and cellular debris into the sub-intima of the vessel wall,
resulting in plaque formation, vascular remodelling, acute and chronic luminal
obstruction, blood flow abnormalities and, ultimately, diminished oxygen supply to
target organs (Stary et al. 1995). Although clinically detectable manifestations of CVD,
such as angina, stroke and myocardial infarction become apparent around the 4" decade

of life or later, the atherosclerotic disease process has a long preclinical stage which

originates in childhood (Celermajer et al. 1992).
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Figure 2.1 Leading causes of death worldwide (World Health Organisation, 2004)
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2.1 Atherosclerosis in voung adults and children

Evidence of atherosclerosis in young adults and children has been provided by autopsy
studies. The earliest of these investigations examined the arteries of American soldiers
killed in Korea (Enos et al. 1953). Some evidence of coronary disease was demonstrated

in 77% of this cohort of 300 men, mean age 22.1 yrs. The average age of a sample of 20

soldiers who presented with >50% luminal narrowing of a coronary artery was 22.6yrs.
Stary et al. (Stary 1989) were able to add to these findings, 1n a study examining 1160
subjects who died between full term birth and 29 yrs. They reported that, by the age of
12-14 yrs, 65% of children already presented with a substantial accumulation of foam
cells accompanied by lipid droplets and extracellular lipids. A further 8% of children
had progressed beyond these early stage plaques and had advanced to the pre-atheroma
or atheroma (figure 2.2). Isolated macrophage foam cells were found in 45% of infants

aged <8 months. Numerous studies have since reported that the prodromal stages of

11



atherosclerotic disease occur during fetal development (Napoli et al. 1997; Palinski and

Napoli 1999).

Although the majority of fatty streaks evident in childhood are clinically harmless

(Strong and McGill 1969), pathological evidence of atherosclerosis can be apparent in

the abdominal aorta by early childhood (McGill et al. 2000), whilst progression to more
advanced pathological lesions could be influenced by intrauterine events, as originally
proposed by Barker et al. (Barker et al. 1989). The Barker Hypothesis suggests that *a

baby's nourishment before birth and during infancy," as manifest in patterns of fetal and

infant growth, "programmes" the development of CV risk factors and arterial

development, which are key determinants of coronary heart disease, hence low birth

weight could itself be a CV risk factor.

Recently, Skilton et al. (Skilton et al. 2005) compared the maximal aortic intima-medial
thickness (IMT) of 25 neonates with intrauterine growth restriction to 25 normal-high

weight neonates. Both birth weight (r=-0.32, P=0.03) and study group (r=0.33, P=0.02)

were associated with increased IMT. The difference between groups for IMT, adjusted

for birth weight, remained significant independent of maternal age and smoking status.

The authors concluded that aortic wall thickening, an early marker of atherosclerosis in

children, is increased in neonates with intrauterine growth restriction compared with

babies with normal birth weight and that prenatal events could predispose to CV risk in

later life.

12



Figure 2.2 Percentages of subjects with early lesions, or advanced lesions, plotted for

successive 3-year age groups (Stary 1989).

The studies described above indicate that prior to the overt detection of CVD, which

usually occurs in the fourth decade of life or later, clinically relevant changes are
evident in the vasculature. These preclinical markers precede and accelerate the

development of atherosclerotic plaque and can be present in young children and even

new born babies exposed to CV risk factors.

2.2 Cardiovascular disease risk factors in childhood

Although prenatal events play a role in the development of atherosclerosis, disease
progression is also determined by a range of post-natal modifiable environmental risk
factors. Such risk factors include obesity, hypertension, insulin resistance/diabetes,
hypercholesterolemia, smoking, physical inactivity and low cardiorespiratory fitness.
For the purposes of this thesis we will focus on relationships between obesity,
cardiorespiratory fitness, physical activity, sedentary behaviour and the early stages of

atherosclerosis during childhood and adolescence.

13



2.2.1. Rising obesity levels

Obesity has achieved epidemic proportions worldwide (Xavier and Sunyer 2002). It is
estimated that 1.1 billion people are overweight, whilst 312 million people are obese
(Hossain et al. 2007). In developing countries obesity has tripled over the last 20 years
as westernized lifestyles have increasingly been adopted. By 2025 it is estimated that
more than 40% of the population will be obese (Kopelman 2000) and ~420 million
people worldwide will be glucose intolerant (Hossain et al. 2007), as obesity causes an

explosion of diseases and co morbidities including type 2 diabetes.

Even more concerning is the rate at which the prevalence of childhood and adolescent
obesity is increasing. Hossain et al.(Hossain et al. 2007) have reported that 155 million
children worldwide are overweight or obese, a figure which includes approximately 22
million children aged <5 years (Deckelbaum and Williams 2001). In Europe it has been
reported that the prevalence of childhood overweight is rising at a rate of ~1% per year
(Lobstein and Frelut 2003). The most recent data for national obesity rates in the UK are
from the Health Survey for England 2003 (Sproston and Primatesta 2003). In 2-10 year

olds, 16% of boys and 12 % of girls were over the 95" percentile of BMI. These figures

rose in 11-14 year olds to 24% of boys and 26% of girls. The Sporstslinx project, an
ongoing study which monitors the health and fitness of Liverpool school children and
provides annual data on obesity prevalence in the north west of England, suggests that
in 2007/2008 around one-third of children aged 9-10 were categorised overweight or

obese (Boddy et al. 2010) (figure 2.3).

14



Figure 2.3 Childhood obesity trends in Liverpool school children (Boddy et al. 2010),
data is adjusted for fitness level and indices of multiple deprivation. Obesity is defined
using Cole et al. (Cole et al. 2000).

Previous studies have illustrated that both adiposity level (Srinivasan et al. 1996) and
BMI (Janssen et al. 2005) during childhood are predictors of obesity, metabolic
conditions and coronary artery disease (CAD) in adulthood. Childhood obesity is
associated with co-morbidities such as hypertension, dyslipidaemia, glucose intolerance

and insulin resistance, all of which have been identified as independent risk factors for

atherosclerotic disease. Data from the Bogalusa Heart Study showed that ~60% of
overweight 5-10 year olds presented with 1 CVD risk factor. Within the same cohort,
~20% of overweight children possessed 2 risk factors (Freedman et al. 2008). Presence
of these risk factors during childhood leads to increased risk for adult cardiovascular

disease (Khan et al. 2003). Indeed Mossberg et al. reported that childhood obesity is
associated with increased cardiovascular mortality regardless of adult weight (Mossberg

1989). The current trends for obesity have led experts to forecast that, unless obesity is

reduced at a population level, the steady rise in life expectancy observed for over a
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century may come to an end, with future generations living shorter and less healthy

lives than enjoyed by their parents (Olshansky et al. 2005).

2.2.2. Physical (in)activity
The current epidemic of overweight and obesity has raised the important question of
actiology. Fundamentally, obesity must be explained by increased energy intake
(Rennie et al. 2005) and/or decreased daily energy expenditure (Dollman et al. 2005).
Some evidence suggests that, in adults, there has been a decrease in energy intake

(Prentice and Jebb 1995) in recent decades, whilst data in children show no secular

Increase in either energy or fat intake (Schlicker et al. 1994; Troiano et al. 2000).
Nonetheless, in theory, there is an important role for sedentary lifestyle and decreased
physical activity as major contributors to obesity. Current guidelines recommend that
adults undertake 30 mins-d”’ of moderate to vigorous physical activity in order to
maintain health and limit the morbidities associated with low physical activity levels
(Sproston and Primatesta 2003). However, figures from the Department of Health show
that around two-thirds of men and three-quarters of women in the UK do not currently
meet physical activity guidelines. Participation in regular physical activity is greater in
children than adults, however in the UK one-third of children aged between 2-11 that do

not achieve the recommended target of 60 minutes of at least moderate physical
activity/day, and ~17% fail to achieve even 30 minutes of moderate physical activity
per day (Sproston and Primatesta 2003). Limited physical activity in youth predisposes
to developing a sedentary lifestyle later in life (Malina 1996; Telama et al. 1997), as
childhood physical activity patterns track into adolescence (Kristensen et al. 2008) and
adulthood (Telama 2009; Telama et al. 2005). Low physical activity early in life is also

associated with a less favourable CV risk factor profile (Pate et al. 1995).
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Major prospective epidemiological studies indicate that there is a dose-response
relationship between overall physical activity and CHD (Berlin and Colditz 1990;
Francis 1996; Whaley and Blair 1995). Physical inactivity is associated with many
known CHD risk factors including increased blood pressure and decreased high density
lipoprotein-cholesterol (HDL-C) and attention has been drawn to the role of risk factor

modification through physical activity as a possible mediating mechanism for CVD

reduction. Physical activity tends to change individual risk factors modestly, around the
order of 5% for blood lipids (Leon and Sanchez 2001), 3-5 mmHg for blood pressure
(Fagard 2001) and 1% for haemoglobin Alc (Thompson et al. 2001). Nonetheless,
increased physical activity can result in a 30% decrease in the risk of CVD events
(Thompson et al. 2003). Numerous studies have demonstrated that the association
between physical activity and CVD is independent of other CV risk factors. A recent
analysis of 27000 subjects (Mora et al. 2007) reported that differences in risk factors
explained ~60% of the cardiovascular risk reduction associated with exercise (figure
2.4). This data infers that ~40% of the risk reduction associated with exercise cannot be
explained by effects of physical activity on established risk factors, highlighting the role
of a physically active lifestyle in the prevention of CVD, independent of risk factor

modification. It has also been suggested that the ‘risk factor gap’ could be partially

explained by the improvement in vascular endothelial function, which occurs as a direct
result of repeated exercise bouts. That is, physical activity exposes the vasculature to
increased bouts of repetitive shear stress which transduce functional and structural

adaptations that may decrease atherosclerotic risk (Green et al. 2008).

17



Figure 2.4 Percentage reduction in CVD events associated with physical activity that is

explained by risk factors (Mora et al. 2007).

2.2.3. Sedentary behaviour

Whilst physical inactivity is an increasingly common term, a more appropriate label for
this concept may be sedentary behaviour (SB), as this term encompasses the fact that a
diverse range of behaviours can be considered "inactive". However, sedentary
behaviour is not synonymous with inactivity and researchers prefer to define SB as
behaviours where sitting or lying are the dominant postures and energy expenditure is
<1.5 METs (Pate et al. 2008). Sedentary behaviour typically involves both work/school
time behaviours and leisure time pursuits and encompasses activities such as screen
time, active transport and sitting to talk, read or listen to music (Pate et al. 2008).
Although there are currently no definitive guidelines limiting daily time spent in
sedentary behaviour, it has been suggested that engaging in >4 hours of television
viewing per day is ‘excessive’ (Marshall and Welk 2008). Taking television (TV)

viewing time as an example, and using 4 hours/day as a guideline, ~30% of young
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people in the UK watch television in excess (Samdal et al. 2007). In addition, Brodersen
et al. (Brodersen et al. 2007) found that hours of screen based media use in children

increased by ~2.5 hours per week over a S year period.

As SB increases in prevalence, evidence is beginning to emerge linking sedentary
behaviours with all cause and CVD mortality. Recently, Dunstan et al. (Dunstan et al.
2010) examined the relationships between TV viewing time and all cause and CVD
mortality in 8800 adults. They reported that increased television viewing was assoclated
with both all cause and CVD mortality (figure 2.5). Each 1 hour increment of TV
viewing per day was associated with an 18% increase in CV mortality, and those who
watched >4 hours per day had an 80% increase in the risk of CVD mortality compared
to those watching <2 hours per day. Furthermore, a dose response relationship has been
reported between daily sitting time and CVD mortality (Katzmarzyk et al. 2009).
Katzmarzyk et al. (Katzmarzyk et al. 2009) evaluated the association between daily
sitting time and CVD mortality in 17 000 adults aged between 18-90 years old. The
researchers concluded that those who reported that they engaged in sitting time ‘almost

all of the day’ were at 54% increased risk of CVD mortality, and that this relationship

was independent of leisure time activity.
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Figure 2.5 CVD mortality rates per 1000 person-years according to television (TV)
! viewing time (h/d). (Dunstan et al. 2010)

Much of the research into SB in young people has been focused on its relationship with
obesity (Ekelund et al. 2007; Shimai et al. 1993). Children who engage in >2 hours/day
of screen based media were 1.5 times more likely to be overweight than those children
who engaged in <2 hour/day. The risk of overweight associated with increased screen

based media was greatly exacerbated when subjects were insufficiently active (odds

ratio ~3.7) (Laurson et al. 2008). Additionally, Ekelund et al. (Ekelund et al. 2007)
recently documented weak associations between SB, systolic and diastolic blood
pressure and clustered metabolic risk in children. The same group have also shown that
time spent watching television was related to insulin resistance. Taken together the
studies detailed above provide plausible indirect evidence to suggest that sedentary

behaviour may have a role in the development and progression of CVD, however

research is needed to further explore this hypothesis.

Some researchers have suggested that the negative health impact of increased sedentary

behaviour may result as SB displaces time spent performing physical activity (Marshall
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et al. 2004). However, explorations of this hypothesis have demonstrated that moderate—
vigorous PA (Dunstan et al. 2004; Healy et al. 2008), which has been consistently
associated with reduced mortality, is only weakly correlated with TV viewing time. This
data implies that there is some unique and distinct impact of sedentary behaviour on
health outcomes, apart from the lack of PA. Although researchers concede that it is
possible that TV viewing time significantly displaces light-intensity physical activity
(Dunstan et al. 2010), which has been shown to be beneficially associated with markers

of cardiometabolic risk, including 2-hour post challenge blood glucose (Healy et al.

2007).

2.2.4. Reduced cardiorespiratory fitness

There has been a secular decline in the fitness levels of young people in recent decades
(Huotari et al. 2009; Stratton et al. 2007; Tomkinson et al. 2003). Tomkinson and Olds,
(Tomkinson and Olds 2007) conducted a meta-analysis examining trends in aerobic
performance over 45 years across 33 countries. The study examined data from ~25.5
million 6- to 19-year olds between 1958 and 2003 and provides the most comprehensive
global trend in paediatric fitness levels to date. A decline of 0.36% per annum in

maximal aerobic field running tests was observed, this figure was consistent regardless

of age, gender and geographical group. Following a peak in fitness levels during the
1970’s, the rate at which fitness has declined has increased in magnitude with each

passing decade. Further evidence illustrating the decline in children’s fitness is provided
by Dollman et al. (Dollman et al. 1999) who demonstrated that between 1985-1997,
although there was no difference in fitness levels of children in the fittest quartile, the
least fit quartile of children were markedly less fit in 1997 than 1985. This implies that

the decline in fitness is not homogenous across fitness categories.
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However, some studies, including those undertaken in Liverpool, suggest that children’s
fitness levels are declining consistently across fitness categories and regardless of BMI

status (Stratton et al. 2007). Stratton et al. (Stratton et al. 2007) suggested that there has

be a 23% decline in the fitness levels of yr 6 school children between 1998-2004. The

Liverpool data also suggest that the proportion of children considered ‘unfit’ increased

by 36% in girls and 50% in boys over the same period.

The implications of low fitness levels in the paediatric population are far reaching, as
poor cardiorespiratory fitness is related to increased body fatness (Eisenmann et al.

2005), metabolic syndrome (Brage et al. 2004) and numerous CV risk factors (Farrell et
al. 1998). In adults, low cardiorespiratory fitness level is associated with premature
mortality. Lee et al, (Lee et al. 1999), using a database of 21925 men, found a direct
relationship between cardiorespiratory fitness and all cause and cardiovascular disease
mortality; the fitter men exhibiting a decreased risk of mortality. They also observed
that cardiorespiratory levels in men influence the negative health effects of obesity; that
1s, those men who are lean and unfit have a greater risk of cardiovascular disease

mortality than those who were obese but possessed high fitness levels. These

researchers have concluded that moderate fitness protects against the influence of other
predictors of CVD mortality. A key implication of these studies from the Aerobics
Centre Longitudinal Database, and more recent studies undertaken in women (Wessel et
al. 2004), is that fitness may be a more important cardiovascular risk factor than
overweight or obesity, and that the latter may owe their predictive capacity to the fact
that they are surrogate markers for inactivity. Farrell et al. (Farrell et al. 2002)

concluded that as cardiorespiratory fitness is itself an independent predictor of all cause
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mortality and that failure to measure this variable will confound any relationship

between body mass and mortality.

2.2.5. Summary

Obesity, physical activity, sedentary behaviour and fitness levels are independently
associated with CVD risk and/or mortality. The relative importance of each has been the
subject of heated academic debate over recent years, with attention largely focused on
the ‘fitness vs. fatness’ debate. A similar and evolving debate relates to the relative
importance of encouraging physical activity versus the avoidance of sedentary
behaviours. Although partitioning out the relative contribution of fitness, fatness,
physical activity and sedentary behaviour to CVD risk may aid aetiological
understanding and help inform prevention and treatment strategies, such debate may be
perceived as somewhat "academic" when one considers that physical activity is an
effective strategy to modulate fitness, fatness and sedentary behaviour. Consequently, it

has been suggested that physical activity promotion should be a foundation of clinical

therapy and public health policy, whether the aim is to promote health or weight control

(Blair and Church 2004).

2.3 Early manifestations of atherosclerosis — Endothelial dysfunction

Originally considered a passive layer of inert cells lining the vascular wall, the
endothelium is now collectively recognised as a large endocrine organ responsible for
the maintenance of vascular tone, regulation of platelet aggregation, coagulation, and
fibrinolysis through the secretion of numerous substances. Critically, a normally
functioning endothelium mediates anti-atherogenic properties that protect against
vasoconstriction, smooth muscle cell growth and inflammatory responses (Davignon

and Ganz 2004). When endothelial dysfunction is present, the endothelium may adopt a
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phenotype that facilitates inflammation, thrombosis, vasoconstriction and

atherosclerotic lesion formation.

Endothelial dysfunction is a sentinel event in the progression of atherosclerotic disease.

It precedes the clinical manifestations of CVD and is present in young children who

have CVD risk factors (Celermajer et al. 1992). The health of the vascular endothelium

represent a barometer for cardiovascular risk (Vita and Keaney 2002) and the vascular

endothelium has become a therapeutic target for risk reduction.

Of the vasoactive substances secreted by the endothelium, nitric oxide (NO) has been
the most extensively studied. Nitric oxide is a labile, l<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>